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OUTLINE

**The Machine & the Detectors: CDF & DO

“* Physics Menu
» Tevatron Part |: Heavy Flavours
» Tevatron Part |I: EWK & Higgs sector

“* Why and How long will Tevatron still run?

The lectures will concentrate on just a few among the many important Physics
topics currently under analysis in the CDF and DO Collaboration. This choice is
of course biased but it intends to show the audience what are still the important
researches ongoing at the Tevatron and competitiveness/complementariness

with the forthcoming LHC results.
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THE MACHINE and THE DETECTORS:
CDF and DO




TEVATRON is an OLD PAL
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But even 25 years old,

14-0CT-1985 09: 13 | quuum OCT. 15 1985!

Max energy =

k .'j octants: O 1 2 3
. N 8

First collisions
at1.6 TeV c.m.,
observed by
CDF in the
VTPC central
innermost tracker
Courtesy of

G.P. Yeh,

the author of

this online
original Display...

the Tevatron is running extremely well & still improving its performances s
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FERMILAB'S ACCELERATOR CHAIN

e TEVATRON

- proton — antiproton collider
- Center of mass energy in Run II: E_,.=1.96 TeV
- Run Il machine cycle: 396 ns
- Dominated by:
quark-antiquark interactions (LHC: gluon-gluon)
-First collisions observed Oct 13, 1985 at 1.8 TeV
-CDF experiment observed these first collisions and the first
top events in 1992 (first vertex detector in hadronic machine)
- DO started at Run | in 1992
- Both CDF and DO discover the top in 1995
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Collider Run Il Peak Luminosity

4.50E+32

4.00E+32

Tevatron
Run Il
Luminosity

3.50E+32

3.00E+32

2.50E+32

2.00E+32

1.50E+32

1.00E+32

5.00E+31

=

0.00E+00

Delivered luminosity per year: still increasing,
now about 2.5 fb-1/year, about 50 pb-' /week
Initial luminosity per shot still increasing, now:
upto4 x 1032 cm=2s
Therefore the Tevatron overpasses by abouta 549
factor 2 the scheduled maximum instantaneous
luminosity for Run Il.

CDF Acguired Lunﬂnosity (p )
=

00 50 100 150 200 250 300 350
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el 77 since start of Run Il
3 4/
P e S e o dte aramveed - | LA | [
5407 {afgar data quality requirements) _‘4/
:-: il
[T el presentedioday —1p]

e g B g By g g B g g T g g B Y, Py T Sy ey By - Results today using up to 6.0 fb?
Luminosity (pb”

0000

— DataTaking Efficiency
MRz LGS

Up to July shut down: sooo devz iE %
9 fb-! delivered/expt ;
7.6-8 b acquired. /expt |eo00

Data taking efficiency: R
75 up to 90% 4000 = - =

= 20 Sane A {SWE)

1%0(' 2000 3000 4000 5000 6000 TO000 BODD

« Delivered 9.1 fb? aEy

, e 1 PN AP I B RIS S Y P
1%00 2000 3000 4000 5000 6000 7000 8000

store number

2000

04/09/2010




AR
3

L
E
B
5

£

you must be a ]ﬁ

L

s not enough foh;

iy

r




Since over about 3 decades (!!), several generatlons of experlmentallsts have
worked on building and continuously upgrading CDF with innovative and pioneering
ideas making it to be still today at the forefront and with various discoveries (top, Bs
mixing, single top & ...) plus important breakthroughs both in Physics and Detector
techniques (2008’Panofsky award for SVX-SVT +impacts: A.Menzione +L.Ristori, Pisa)

Céntral__Outer gaseous

0T e
; y\' !"‘
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Excellent coverage of the Muon and tracking n <2
Excellent calorimetry & electron ID
o ‘. :. .+ » High efficiency muon trigger with Pt measurement
= at Level 1 (toroid)

» 27T solenoid & 1.8 T toroidal reversed weekly
(OK for gy asymmetry systematics)
CDF

Pt= 2GeV/c
Pt1+Pt2=55GeVic | No

100pm=Id12l<Tmm
T-muon No ﬂu}:}ﬁ, 4 2GeVic

Pt(u's)=1.9GeV/c Pt(u's)=2.0 GeV/c

*
I-------------------



Triggering: an essential issue in
hadron colliders
=> example of a continuously
upgraded & sophisticated trigger
system by CDF
First time triggering on tracking
system at first level (XFT)
First time triggering on vertex
Silicon tracker => Real time Physics

04/09/2010 TEVATRON, Corfu 2010, ASN 11



7.6 MHz Crossing rate

i [ o <=
pipelingt|| L1 | L1
* 7.6 MHz Synchromous
42 clock Pipeline
cycles - 5.5 ps Latency
- 30 kHz accept rate
L2 . SVX read out after L1
buffen [ L2
4 event
*Asynchromous 2 Stage Pipeline
DAQ -20 ps Latency

1000 Hz accept rate

L3: CPU farm Full event
Reconstruction
Speed-optimized
offline code

Mass Storage
(~100 Hz)

Architecture

XFT - Level 1

all trck pT>1.5 GeV
o(1/pT) = 1.7%/GeV _\ B

o(¢0) = 5 mrad Ny P ey
96% effncuency i ———

SVT - Level 2
all trck pT>2 GeV
o(IP) = 35 um,
o(1/Pt)=0.3 %
o (90)=1 mrad
1800F
1600
1400
1200
1000
800
600
400
200

S

Two Tr'ack Tr'lgger'
(TTT) IP>100 pm

L3 plot 2001

T—————

40°F
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Upgrading the trigger to cope
with the increase in luminosity
IS another crucial issue,
well experienced at the Tevatron
(see next).

It will also be of course essential at
the LHC when the
luminosity Is going to get to
1032 cm s! and higher...

04/09/2010 TEVATRON, Corfu 2010, ASN 13



Gaseous tracking chamber rebuilt from run |
to run Il to cope with luminosity x100 and
for the first time a tracking LV1 trigger:

eXtremelyFastTracker

1]
H

COT axial | i
layers

Good hit patterns are
identified as segments, then
segments are linked as tracks

XFT 3D upgrade:
Add info from stereo layers
Fake rejection ~8

COT stereo
layers

‘a,
Lu ™
'y,
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Upgrade SVT for luminosity

Upgrade: Faster SVT components and:

At 3x1032: 5 ws

32Kpatterns — 512Kpatterns new AM.

P @ “ @ P
S ) @
event + underlying event + pile-up

\ SVT processing time vs Instantaneous Luminosity

v y

original system

Old SVT
— AMSRW installed
TF++ installed

— 128k patterns installed .

B
un

-i- 405 .................................................................... — :'IB::E::pizzt;Ir;esdinstallgd
Eoasl i | | S N upgr'adecl
) ) T SO O e e OO SO s SOOI B I e B e A e SYS"'em
25: .................................................................................... o ! ...... .
20§_ IIIIIIIIII ,: Oki . : : o .............. ........ n__ ....... | l ........... ..... I I‘ ...... l I.
= é [ — AMSRW installed é é
155— ---------- TF+4 inst:;‘ITede ------- -------------- -------- 0 20 6 100 140 80
0 Db = 128K patterns installed .. S S Luminosify (x 0)
- : HB++ installed P
5;_ .......... ................... 512k patterns installed o .............. ........ Orlglnal SVT
D'ﬂ: IZEUI 4|(I EIO I ISEI:II I I1(ilf.ll I |12.i’0| I I1aiml I I1énl I I181CII I turned Off above 90XE30

Luminosity (10”c¢m2s™)

Good Data@ higher Luminosity
- More Data @ lower Luminosity
04/09/2010 TEVATRON, Corfu 2010, ASN 15
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Importance of triggers in B Physics

Di-Muon (J/v) Displaced trk + ||2-Track Trig.
Pt(n) > 1.5 GeV lepton (e, u) Pt(trk) > 2 GeV

T/ modes down to || [LP(Trk) > 120um IP(trk) > 100 um

low P+(J /) (~06ev) Pt(lepton) > 4 GeV =1 Ton [brad e re o

btonic modes

B — hh (CP)

X(3872)— J/ynn High statisties lifetime L

‘ | | . Bs mixing
B, in B, —= J/y ¢, Tagging studies, mixing

0 i

Z, , £, Observation b® mixing
A, — J/y A (masses, g/ 2T A
lifetimes) Decay Lengtg.-'f_.-" B A, —A 7
BY. 4 — uu (rare decays) Lx"' Pr(B) = 5 GeV
Be — J/yx(J/yIX) Verrer @, | Ly = 450um

.li. "-ll'._
d = impact parameter

04/09/2010 TEVATRON, Corfu 2010, ASN 17



O Hadronic B Trigger (II)

* Run I collected O(1) B.— D_x in 100 pb-1 (all D, modes)
* Run IT collected ~200/100 pb-! B.— Dt (D,--> ¢[—=KK"] =)
* Compare with only 10x integrated luminosity!

With SVT
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CDF Run Il Preliminary

L=1fa"

g 2
T T T T

Candidates per 20 MeV/c’
g

{.l.||||||

—— data
— fit
B, — D, r*
satellites
combi bkg
. BY »Drx
LAy A
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The Tevatron is a B and charm factory

»Bs mesons={b,s} are only produced in hadron colliders. By
several aspects, they are unique probes for beyond standard
model searches and CP violation phenomena.

Tevatron is fully exploiting the physics potential of Bs mesons.

» Tevatron gives access as well to b-baryons.

»CDF has the largest world’s samples of B & charm with special thanks to

SVX+SVT! (see previous slides). Important also the Particle ID with COT
(dE/dX) and the TOF => 1 and K identification
»CDF challenges B factories (on charged final states):
40M J/y (about 20% from B)
> 6K B, — J/y ¢, 32 KB? — J/y K*
50 M D% —» K+, 12 KB — K11+ etc.

04/09/2010 TEVATRON, Corfu 2010, ASN 19



Physics Topics covered by B & Charm at
Tevatron

Apa(B—Kpp)
w— B -y

D—pp
> Bs— Suu

XYZ mesons
D mixing
B—hh  p—ephh

B—+DK B—+gpgh
B-production

Lifetimes c-baryons
b-baryons

¥ & Y production

Courtesy D. Tonelli
Among the many topics let’s focus on the latest results of processes with the yellow arro




RARE DECAYS

1) FCNC decays: very suppressed by SM

Forbiden at tree level, proceed through loop diagrams Recent rather precise BF predictions in SM:

b . o BriBy, — ptp~)=(3.6+03). 107"
— W

v . +, - " 10=10
. 4 I Br(By — pu"p~)=(11=0.1)-10
—L W A. Buras

DH“\ A
eE

a /'!‘,_e -F H}
a.& f

Look for B’ or B,° —ee, ey or yp and D*—pp

04/09/2010

. . NP can appear at
USRS é[;r',.rr'__.r'y > Tree level
LG — Or
: — 7 > through loops
) ., "MFV —SM extensions such
i | « |, as:2HDM or MSSM

BSUSY(Bdpy) oc(tanp)e
TEVATRON, Corfu 2010, ASN 21



Example of search for B.—uu rare decay

Theevents are searched in a sample of dimuon triggered events
a set of discriminating variables, comparing data (sidebands, red) with MC generated
events (black) are studied and trained in a NN:

oi_—l!l. .|-. ||||||||
B oaf it .
% 0.25 EE -
. . . = 0
COF Prolminary 3. fb_1 c>Buhf:andldate track isolation S . E.:-'-.i ]
g: 0.35 -:': —B —>U w Slgnal -%:" ek - ] ;‘E 0_14;_. ! T T T T i u:.r: E- '-':- :
el == Background (Sldebands) = : = e . E N
£ T o2 i® i oosf & e E
= u.zsj. ] z B E 0.1:_ - . ('
0.2 ;J:: 4 v o1sk E una:— — % 5 10 15 20 25 30 35 40 45
ool 1 1 I ] p,(8,) (cevic] NN
0.1 :—-h:_. — . ] E 0.04 — -
u.usz; 'E---'- — 005::.“"-"""'--1. e = E.; _f 002 - - g oasf g -
Q%S— EI.IZ EIH U-: HE_-_U':'_-_';?- UIB-----;;:-.-_:;E- ] n(: I I[I-‘:-T-I IEI.‘ZI = EII:iI = IEllfi- = 05 ‘ 06 I EIT- % - E E _;
lifetime % [cm] Isolation Ao [rad] = T ﬁ:.' ]
B Pointing to primary vertex*} E
Signal region determined by 5.169<Mpu (GeV/c?)<5.469 N
Sideband reaions to estimate the bacquound' b b A

1.660 < M,, < 5.169GeV/c? and 5.460 < M, < 5.960CeV /2 ~F for—=—=

P, Low [GeVic]

The Branching fraction is obtalned by normalizing to the number of B+—J/WK*—p+u-K+

BB > ) = [Ng/NIX[@ /@ X [E € q]x[1/ €W, TxT /. x BB —JYK)

Where N .=number of BO.—p+p- at 95%CL for N observed and N, expected backg.
a stands for the acceptance, ¢ for efficiency and f for fragmentation function
04/09/2010 TEVATRON, Corfu 2010, ASN 22




Fraction per 0.02

RESULTS:

. _ $ of é | IB " CDF Preliminary 3.7 o =
4 Suppress background with NN EWEi T 0.8<v<0.95 3
. . Y 30 =
trained on MC/sideband data 2 F E
it} — -
. . '1 = 10E- =
CDF Preliminary 3.7 fb g E . gl . -
rrrryrrrryprerrrfrrerryprrrryrrirrprrrry i rirrirrTd © 48 3 3.2 3.4 .6 3.8 F]
1 = | | | | | | | | - Mty [GeVie®]
N . e wsE 3
i — B, — u' u Signal 3 1E B 0.95<v,,<0.995 3
. i < 12 .9, 3
10"}, -- Background (Sidebands) = = "E - 5
" I
i 2 2 =
i S 05— 3 g1 5 55 N
M ' [GeWic?]

102
E —te N np———T————7— —r 1 T 1 T ™
Rl > af_ B, B, 0.995<v,,<1.0 _f
= ~ .. . .
_ 3 6f —
a 4 =
10°| § zz]ld L[l E
EI Ll | Ll 1l | Ll 1 1 | Ll 1l | L1l 1 | | L1 1 1 | Ll 1 1 | Ll 1 I: E E M ¥ E

0 01 02 03 04 05 0.6 07 08 09 1 6 O—73 3 53 57 55 53

NNout M’ [GeVic']

CDF mass resolution allow separation

World best limit on 3.7 fb-! of data: of Bs and Bd signal regions

BR(B, — u" 1" )<4.3x10° @95% C.L.
BR(B, —» 1" )<7.6x10” @95% C.L.
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Branching Fraction x 107

95% CL Limits on B(B, — uu) CDF BR(B.—u"u’) Projection

~107"f
f;‘;’" i "3: [ Excluded: CDF PRL 100, 101802 (2008)
PRD 57 (1998) 3811 E§§;E£E+m “ ;m :

10 v .
—PRL 93 {2004)032001’0 R —HH 14 [ CDF Prel. 3.7 fb™ ° CL Ex, . BS_)I“I + l‘l- "
—P_Rquzmsmﬂsa"A T T Eﬂ ®E . 8 c’US;o

| boconiNotearss A || | |1l i xpected L|.m|_t :3.3X 10_a n

. PRngs{zlcllo;)zzmlos O r Observed Limit 43X 10_9 A Status and
. | rmp-nmsamss ?} ‘PRD 74; {::?::::;« SES :3.2X10 !

| PRL100{2008)1018028 g{nzanf.umsgas 10-8f i prospeCts

n 1 T T T T I T T T T : SM PrEdICtlon t
" Standard Model Expectation | - 2 ATLAS & CMS

vor | || ' MR should soon join

- 10 100 1000 10000 2 10

Luminosity (pb-) Integrated Lummosnty (fb ) LHCb
-CDF won already 2 orders of magnitude in Runll SR R L I Do (6.1 ')
Now still the last factor x10! G S A O O
And competition with LHCb @ 1fb-’ 3 =] iR ind
- But already, constraining more and more BSM. 3 @3.5+3.5TeV
Several BSM models predict 1 up to 3 orders of ST TR T T ehFtioTeT T ]
magnitude deviation wrt SM and have relevance to £ «/
explain deviation of the muon g-2, neutrino oscillations, == SM prediction =i
Bs oscillations, dark matter/dark energy results A 'Lo-;b'_])m
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B;—utp

(a) D@, 6.1 fb’

 (b) D@, 6.1 fb’
5.2GeV <m,, <5.5 GeV

0L Signal x100

0.85

0.95 1

6.1 fb! of data analyzed 3 jg
* Many improvements of analysis|8 31
compared to previous @ 20/
c
published result g
— Improved muon identification and 4.5
trigger selection 120
— Bayesian NN is used instead of | 5100
Likelihood ratio method S 80 i
— Limits are calculated in several g 28
bins of BNN variable and M(uu) [ ogt
Br(B, - u* 1)< 5.1x107°(95% C.L.) 0.8
Expected : 4.2x107°(95% C.L.)

04/09/2010 TEVATRON, Corfu 2010, ASN
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BO. —utu - year 2012

ﬁper Limits on BR(B —>p, p, ) at 95% C.L. at Tevatron

107 9
i ®
= A
=,

T, A
.@, O
(14 u
m10'85 o
C w
= *

..-.1q

Integrated Luminosity [fb™]

SM value won’t be probed

anytime soon, but eating-in

last chunks of NP space.

04/09/2010
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SM (~3.6x10%)

CDF pub. 2fb™ Exp.
CDF pub. 2fb™' Obs.
CDF prel. 3.7fb™ Exp.
CDF prel. 3.7fb™ Obs
D@ pub. 1.3f6" Exp.

D@ pub. 1.3f5' Obs.

Competition may be tight.
and CMS may join

D@ prel. 4.8f5"' Exp.
D@ prel. 6.115" Exp.

D@ prel. 6.115' Obs.

CDF projection

D@ projection

@35+35TeV

ATLAS

LHCD
! )

._+_._y.._.+_._

LHCb

$rf Ol H aﬂiw

=

IS

CDF-I-DU (8 fb )
-*.-.P.-*-oﬁ --Fo-!

bcs évidence!

| | '
e SM prediction 55555

0.2

04 06 08




b—Su+u-

= Suppressed decays in SM: Br ~ O(10°)
= New Physics in penguin or box diagrams modifies the decay-kinematics

e B
L
S New results from CDF % i
ud§———s—uds (S6€ next slides) 3 ::_
T — >First observation of B—eup, 3
the rarest B, ever observed g
> First measurement of A in B
- v.Z il hadron collider competitive g o
b 3 with current best results S osf
0.8
Udﬁ__'__lld-s % | || L 1|
=W penguins ":.-,q*ua?eu*diﬁqd&n‘i-.;ls‘?dév’é‘;
wW- %°
'-_.--- ---n gt ..-n.,..‘\
b _J:_\')_ sb —Q— s b —L—\%— S b _.._.:...s

dsb
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Exclusive b—2>suu-

Current results from analysis based on 4.4 fb1:
— Trigger on dimuons (p;*>1.5-2 GeV) forming a displaced vertex
— Look for:
B+>K* utu-, B2 K* uru——=> [Kn] iy, B2 ¢ pru—=> [KTKT] pius

— To reject B=>J/y (v') remove:
8.68 <M, <10.09U 12.86 < MR, <14.18 GeV?

— Vertex quality, PID (dE/dx and TOF) + kinematic variables combined in a
Neural Network to optimize sensitivity:

« S/V(S+B) for known modes
 S/(2.5++B) for B, mode

— Normalize rate to B> J/v h (h=K,K*,0), used as ‘reference’ to obtain BR

04/09/2010 TEVATRON, Corfu 2010, ASN 28




B->K(*) wHu- signals

CDF Run Il Preliminary L=4.4fb" CDF Run Il Preliminary L=4.4fb™

C T Yield: % Yield:101+12 (102 ted)
2100__:,.':;1}15223; i‘ﬁ‘,}.‘;ﬁi’épe"‘e‘” ! 60 Mass:5284 = 3 MeV/c?
§' _ B*'— Kty i?'“t' - B°— K %t
£ 80 ~+ Data 2 S0 ~+ Data
L% | — Total Fit E L — Total Fit
L ---- Signal 40__ i ---- Signal
BU*H Background B Background
o ﬂﬁ H *
+ 20%* + ::
20 :
I . 101 +H+ﬂ’+/+ ------- AN
N PRSI SR FERT L .
5 51 52 53 54 55 56 57 P S U ol BN O
M(upK) (GeV/c?) 5 51 52 53 54 55 56 57
M(uuK ) (GeVic?)
B+>K+utu- BO> K Ou+u-
[0.384£0.05+0.03]x10 [1.06£0.14+0.09]x10
Babar [0.41£0.16+0.02]x10 [1.35£0.40-0.37+0.10]x10°6
Belle [0.53£0.08(+0.07-0.03]x106 [1.06+0.19-0.14+0.07]x10°6

04/09/2010 TEVATRON, Corfu 2010, ASN
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CDF Run Il Preliminary L=4.4fb™

c\]"
L
=
v
=
=)
o
—
0
n
=
o
>
w

221" Yield:27 + 6 (31 expected)
20/ Mass:5365 + 5 MeV/c?
18[- B ou'w
16 :_ ~+ Data |

- — Total Fit
14f ---- Signal

- Background
12

—
o
T

N L O

o
U'_||||||

H
'
H
:
:
!
HE
.
: r
1 "
H
:
:
H
H H
o .
- H
Rt "
'
.I- +
s
3
[+ | |

53 54 55 56 57
M(uud) (GeV/c?)

B.~>outu~ First Observation

Unbinned Max Likelihood fit to
B.candidate mass

— Signal: double Gaussian from MC
(width adjusted to data)

— Background: linear shape

2716 signal events (6.3 o)

Normalize measured rate to
BR(B,2>J/yo)

BR(B, — gu* ™) =(1.44 £ 0.33(stat.) £ 0.46(sys.))- 10

Compare to BR(B; — out ™) ~1.6-107° €.Q. Geng, C.C. Liu, J. Phys. G29, 1103 (2003)
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B,~>Kutu-
angular analysis

Acg and K*0 longitudinal polarization
are extracted from:

- ©,, : helicity angle between p+(u-) direction
& the opposite of B (B) direction in pu rest fram
- ©4: angle K direction and the direction opposite
to the B meson in the K*0 rest frame

1dlI'(B® — K% u=) 3 5 3 Q 9
— = —Ficos“bw + —(1 4 Fi )1 — cos® @y ). | Fit Parameters
r dcos g 2 L o™ bk + 4( L) cos” 0. T

1dl(B" — K*u*p~) 3. 3. .
r dcosb, - ZFLU —cos?0,,) + g(l —Fr)(1 +cos?0,) +0s 0,

« Correct for acceptance via detailed simulation
- 5or6bining*=m, 2 excluding ccbar resonances
» Cross check with B>J/y X (reference) samples

04/09/2010 TEVATRON, Corfu 2010, ASN 31



Decay Angle Analysis

CDF Run Il Preliminary L=4.4fb™"

10k 00 (GeVore?) | & 2430 (GeVae) | & 72868 (GeVaic?) - . -
e e | T ) | s e CDF Run |l Preliminary L=4.4fb™
=3 —TowlFit | 5 —ToulFit | g — Total i = 1.2r
= ---a‘;(gg?\‘!ap s 8 --E;?rsliap ‘E1ﬁ --Engz\:lvap m 0 *0 +,
[ [ —
& 8 ea @ s 5G 014 BG L FL(B - K V8 p.)
4 12 L
4 10 1— -4 Data
i . 8f" i P
3 - . . i
af : Fit cos(6y) 08 | S L
T L LT 2 N
El % a5 005 1 % 05 0 05 1 S A e
’ cos6, ' cos6, 0.6
EZZ [10.09<¢°<12.86 (GeV/c?) 518—14.1auf<16.m (GeVie?) ﬁ‘s'mmbq?ds:m (GeVie? ,n"
20 & Data c 18 & Data c 18 & Data ) . oy
518 —Total Fit | 5 —Total Fit | = — Total Fit b 5
1 e (2 LM AL -+ per g= bins 0.4
g S Sl A 2 ( 5 M 2)
q V[V 0.2 I |
| _T—
o I

_rn2_||||||||||||||||||||II||III|III|II

A (B = K u*p)

A¢

b
LN L I O N L Y L B B

CDF Run Il Preliminary L=4.4fb™

-

§12 [0.00sf<2.00 (GeVeic?h) | | 102 goscfea.30 (GeVic?) ﬁ"a Fa30:07<8.68 (GeVeic?) 1 5 ‘*— D a‘ta

=) & Data. o & Data S 14} #Data -

510 — Total Fit 5 g} — Total Fit 5 — Total Fit —

- -=-Signal - --- Signal <12 --- Signal

g ol - Kt Swap 5 -+ Kn Swap [ seKaSwap | L aas e C __CSIVI
& BG i BG 510 BG

Fit cos(8,)

O N B O O

g imn ]

P

0 .
-1 05 0 05 1 -1 05 0 05 1
COSB“ (:OSGJ_l h
ﬁ 10.09<¢F<12.86 (GeVie) 515’14.1wfﬁ16.w (GeVie ) I%;25 F6.00<(P<19.30 (GeV*ic* }~“.
o o5| & Data o 16| # Data o & Data 0
% | —TetalFit % | —TomlFit 3 .| — Total Fit
- ---Signal i 14 --- Signal = 20[ --- Signal
520 = Kn Swap 512 = Kn Swap 5
I.I>J BG I.I>J BG I.I>J

8 10 12 14 16 18
g2 (GeV?c?)

|
6

q1 05 0 05 1 . .
cosf, cosf
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2
: AFB(BD —> K'Dpfu')
-# Data
' ~— SM
: .......... CT=-C§M
1~
| I
O3] T
B | i
ok —| _T_
lored | : I |

CDF Run Il Preliminary L=4.4fb™

10 12 14 16 18

q? (GeV?/c?

Ag result B ~>K*utu-

» CDF provides a measurement in 5 bin
in the theoretically cleanest range:

1<0%<6
ASPF (1< g* <6 GeV?/ct) =0.437035 +0.06
» Compare to BELLE: 660x10° B
Al (1< g”<6GeV3/c*)=0.2673 £0.07

First AFB measured in hadron collider:
consistent & competitive with B factory

A (1< q” <6GeV?/c*)=—0.05"0, CBobeth,etal. arXiv : 1006.5013

Still inconclusive, wait for more data

04/09/2010
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Nevutral B, System

- Time evolution of B flavor eigenstates described by Schrodinger equation:

JILLVYWILNY

| [
il |B‘t'{f))) ( i ) LB
i1— £ =(M--T _ B & [
dr (\Bw 2 ) \|Bn)y)  E |
<
-Diagonalize mass (M) and decay (/) matrices = I
— mass eigenstates : | —
_ = ) 0 0
B =p|B))—q|B)) |BE)=p|Bl)+q|BY) Bs ' Bs

- Flavor eigenstates differ from mass eigenstates and mass eigenvalues are also different:
Amg=my - my = 2[M;,/

— B, oscillates with frequency Am, b WV s
precisely measured by 0 0
CDF Am, = 17.77 +/- 0.12 ps’! Bg ”’c’tI wet | |Bg
DD Amg = 18.56 +/- 0.87 ps’’ . YV, W 5
- Mass eigenstates have different decay widths
SM M2
A'=1T] — I}y = 2|, cos(®;)  where ¢'= arg | — T =4 x 1073
12
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ps Vs &

- Up to now, introduced two different phases:

ow Mya
f__-S — al'g T

)z 4x103 and B?hl — arg(—Vts ‘/{E/‘/(s ‘/j;.) ~ (.02

12
- New Physics affects both phases by same quantity -{;}EP
23, = 23°M — HpNP

b5 = OM + @

- If the new physics phase -¢['"" dominates over the SM phases 235M and ¢3M
— neglect SM phases and obtain:

23, = —q*}_lfp = —0

Ms
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CP Violation in B, — J/¥® Decays

- Analogously to the neutral B° system, CP violation in B, system occurs through
interference of decays with and without mixing:

dominant B’ > J/PYK% BY > J/¥
contribution \ // \ /
from top quark N\ B0/ B" p
= sin(ZB) = qln()B )
< t,c,u b .
7+ 17— “\“i c
v it SN _,,,,f‘i
b ‘? 7o -3
/ | Vid Vie Vs
New Physics  3SM Vea| Ves Veb
3 N £ — are( — V . V* ‘/(S V* ~ 002 r Vs . 7
particles ? Ps g(=VisVip/Ves Vi) Via| Vis Vi

- CP violation phase S, in SM is predicted to be very small, O(A?)
- New physics particles running in the mixing diagram may enhance S,
-large 5, —  clear indication of New Physics !
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B, — J/¥Y® Decays i

- Extremely physics rich decay mode L
- Can measure lifetime, decay width Bg . K
difference A7 and CP violating phase f
= () - (I)
- Decay of B, (spin 0) to J/¥ (spin 1) and @ (sf p K+

angular momentum final states:
L = 0 (s-wave), 2 (d-wave) — CP even ( = short lived or light B, if no CPV')

L =1 (p-wave) — CP odd ( = long lived or heavy B, if no CPV)

- Three decay angles p = (6.4, ) describe
directions of final decay products
pt u KK

J/W rest frame ) r
(0 rest frame
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Findineg New Physics in Os

Measurement of semileptonic CP asymmetry
— AgL = — |12/ M2

Difficult due to smallness of the Ag;
Measurement of Al — A=, — Iy = 2|F1g|

Need input for |[12| — can come from B(Bs — D{'D{")
Measurement of CP violation in CP modes
Golden mode pursued currently is Bs — J /1@

s not only phase entering here, but SM value small —
search for sizable NP can neglect SM value
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oo B, - .
N ++ N - X
Ab = b b N,** (N,7) — number of
sl ++ —_ b b
N, "+N, same-sign utut (U= (o)
events from B—uX decay

« Both B, and B contribute in A%, at Tevatron :
Al =(0.506%0.043)a’, +(0.494 £ 0.043)a’,
x yal
/ > 4

B, contribifion B, contribution

— a9 is the charge asymmetry of "wrong sign" semileptonic
B, (q = d,s) decays:

I'(B) > u*X)-IT' (B, > u X)
I'(B) —» u*X)+I'(B) -y X)

5 q=d,s

q
asl
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CP violation in mixing

« Non-zero A%, means CP violation in mixin
« Source of this type of CP violation — B| W EW
complex phase ¢, of B, (g=d,s) mass matrix\_—

AM, =M, -M, =~2M}|

AT, =T, ~T;; = 2|I"|cos, HM _{ M Mf:l i{ I, F”}
= "2

q q

q q q
[ M;ZJ M7y M Iy T
¢q =arg — Jal ! !

* For B, meson, a%; is related to the CP-violating phase ¢, :

1= 2oy (¢,)
a),=——"—tan
aM !
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SM prediction

- SM predicts very small values of ¢, and A®:
7 =—0.0910 7%
o>" =0.004210.0014
AP = (=2.30%)x107*
A. Lenz, U. Nierste, J. High Energy Phys. 0706, 072 (2007)
— These values are below current experimental sensitivity

* New physics contribution can significantly change these
values

SM NP
¢d= d +¢d

¢S — ¢SSM + ¢SNP

Non-zero A’ would indicate the presence of new physics
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) %) Measurement strategy

« Measure two raw asymmetries (include u’s from all sources):

raw dimuon charge asymmetry raw inclusive muon charge asymmetry
A NWE)-Nw ) L W) -n()
N u)+Nwu) n(u*)+n(u)
= (0.564+0.053) % =(0.955£0.003) %

« Both asymmetries contain contributions from Ab, and
detector-related background asymmetries

A=K A} +A,, a=kA)+a,,
— contribution from AP to a is strongly suppressed by k=0.041+0.003

* Determine background contributions A, and a,,, using data
with minimal input from simulation

« Exploit the correlation of background content in raw

asymmetries to reduce the uncertainty on A%
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Test of background description

* Raw inclusive muon asymmetry a is dominated by the

background asymmetry a,,, E ol @ ¢+ -Asymmetrya,, Do, 6.1
: : g °f  O-Asymmetrya
* 3, s measured in data £ 0.015] -
% : ]
« Compare a and a,,, to verify the [* *
g 0.005 |
background description
. . . 0 10 15 20 25
* This comparison is done as a py(1) [GeV]
- r M) DO, 6.1 b
function of muon p+ ¥ 0.005 | s
-« Good consistency between 0+++ ------------ % -----------
observed and expected -0.005 7
asymmetries R T T ER R
pr(W [GeV]

— v2/dof = 2.4/5 for the difference
between these two distributions
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m Original experimental technique

ATy 'y

« Polarities of D@ soIenoid__'f
and toroid are reversed
every ~2 weeks

* 4 equal sized samples with

different polarities (++, —, +—, —+)
« difference in reconstruction efficiency

between positive and negative
particles minimized

« Reconstruction asymmetries
reduced from ~1% to0 <0.1%

— To be compared with
raw dimuon asymmetry
A= (0.564+0.053)%

(®

N O

Swapping Magnet Polarity

M

Muon reconstruction asymmetry

asymmetry o)

S
—
=
K

&
&
S
o

—

-0.002

-0.004 1L—

' D@, 6.1

5 10 15 20 25
pr(1) [GeV]
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f@f Evidence for an anomalous like-sign
charge asymmetry

Al =(—0.957 £ 0.251 (stat)+ 0.146 (syst) ) %

 This result differs from
the SM prediction by ~3.2 ¢

« Ab, produces a band in
a’, v.s. a, plane:

Al = (0.50610.043)a?, +(0.49410.043)a’,

« Obtained result agrees well
with other measurements of
a’, and as

© @

0.01

-0.01 |

-0.02

-0.03

b
BDO A,

— B Factory W.A.
DG B.—D, 1 X

= Standard Model

_IIIIIIIIIIIIIIIIIIII:"I.M

-0.04-0.03-0.02-0.01 0 0.01
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s mixing phase: Bs-J/y¢ best testing Lab

B, mixing phase (or V., phase) is the last experimentally unconstrained part of CKM

Vi tc,uVy S S
§— - ; —C - B,—J/yo allows measuring
T+ W »\Y c "~ phase between B, mixing
i} ) ) s © and b—ccs
b th ITj C, U Vts 5 E )
— NP —_
N.B. Mixing phase: B° analogy ZBS =-P S (ps
ipm AT
[ 7 e
VaVa| /05 > YV A — —
Vol [ V. 1‘ e | 00 B, (19
M=o H_';;'--!-,..ﬁ___ B.— J/W@ for sin2Ps <> B*—J/WK?_ for sin23

:I::_I:'| 1|..[:“

BUT, additional experimental complications:

J/Wo: a mix of CP-even and CP-odd eigenstates, treat them separately
B, oscillates ~ 35 times faster than B°

sin2[3~0.7, sin2f3, expected about 20 times smaller
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il

s mixing phase in Bs-J/V¢: analysis outline

CDF Rum Il Preliminary L=28f"

400

350

3 300

250

200

150

1uu{++’.fva‘1M"
50
gt d b1y,

.l.
2
#Hﬁ 1. Reconstruct data and select events Jf:ﬁ
;|+ i Control sample: -
h B,—J/p(p*p) K*O— (K1) B
H i F -
{- ]-frH Jet crnrr.rge'_ K...
W *"""’WW‘T*W 2. Measure lifetime cT

528 33 332 5311 5.35 5.33 24 542 544 G4k
m (L )l GeV]

Two different reference frames

lepton

| Jhp at rest

N.B. All based on quantities directly derived from data!!

Transversity plane

04/09/2010

e

!‘Lﬁ?{ | separate CP-even and CP-odd

3. Disentangle CP even and CP odd

\. ©  =>perform angular analysis:

Bs(pseudoscalar)—J/p(V) ¢(V)=>L=0,1,2
B L=0,2 are CP-even; L=1 CP-odd
« == Angular analysis can statistically

- (usually done in transversity basis)

¢ at rest

4. Determine flavour at production time

TEVATRON, Corfu 2010, ASN




Mixing phase - fit overview

Courtesy of Diego Tonelli
5. Perform unbinned maximum likelyhood fit to extract interesting quantities

29D, o) P (@) (D)

fsPsiml|op, ) P

GDF Run 1I Preliminary, L = 1.35 15’ CDF Il Preliminary L=1.7fb" _ GDF Il Preliminary L=17 1" CDF Run Il Preliminary L =1.35 "'
s . Data S ool + Data Signal 700¢
S 0 0%k — Fit ;_ Fit CP-aven s00E +
> 5 —gggg ) o e00 Background CP-odd g — Signal
s 8. degl 5 500F
= 8 © 500 + +-+—+—H—J-ﬁ-—H: . E *‘r — Background
o © = ._--"+"+: F
9 £ £ oo + 4y 400,
8 S 300 300F
§ 200 200;— ﬂ
8 S — 100F 4
0 T O O R e -.m P o, 05«-1 . MM» .
53 53 54 545 L ¥ S | R V- S N 0.0 0.5 1.0
Mass(J/y 0} (GeVic") cos(n) OST Predicted Dilution
Mass Decay-time Angles Tagging
discriminate signal Determine lifetime off Separate CP-even Determines flavor
against background each CP and flavor from CP-odd final of initial state
state es
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CDF Run |l Preliminary L=281fb"
- — SM prediction 5
_. 0.6 — 95%C.L

[ — 68%C.L.

Results in 2009

P50 05 00 05 10 15
B [rad] _
0.6 CDF RunllPrel. 281" + D@ 2810

cDF+D0 8% Ct

i - ! 0.4l 95: CL
0.6_ B |1 L c') L _'I o qo0eg /
B, (rad) 02y /«]@

CDF only: SM p-value: 7% (1.80) 0.0 j I |_
|
-0.2] , 'mu \ Q
CDF and DO combined => I ‘\H\///r
Assuming SM the probability of observing -0.4 SM p-value =0.034 (2.15) \ / : ]
a fluctuation as or larger than observed in % Sl il | o
the data is 3.4% (2.10) 5 10 -05 00 05 10 15

0.1<Bs<1.42 at 95% CL  3."**[rad]
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New measurement of B.—J/y ¢ (2010)

« 5.2 fb1 of data analyzed

« ~6500 signal events

* New trigger will be soon
added (increase of stat.)

« Same side flavour tagging
calibrated in data

« Strong phases are free
« S wave included in the fit
< 6.5% at 95% CL

CDF Run Il preliminary L=5.21b"

o
o

OF

= OO @ = @
8 38 3 38 8
IRARANRAREN AN RRRRN RN

200
100(

Candidates per 2 MeV/c?

SN
SDDW'“F? It +4. +*f‘-r+++*+.1 :

+++++

L Ll 1 1 L I L L
5.32 5.36

54 544
Mass(JAy 0) [GeV/c?]

7, =1.5291£0.025 (stat) £ 0.012 (syst) ps
AT =0.075+0.035 (stat) + 0.01 (syst) ps™

Most precise measurements
of 7(B,) and Al

04/09/2010 TEVATRON, Cot

- —— Amplitude A
o Sensitivity: 37.0 p5'1

Amplitude
n

Am, =

(17.79 + 0.07) ps” |

1.0

4.0F

sa

Calibration of

me-side ta

gging

1.5 —=——

10 20

Mixing Frequency in ps’

=0 50




Evolution of the Results with increased dafa set

- Agreement with SM expectation increases with higher statistics

- B and AT allowed parameter space greatly reduced

2008 ICHEP update with ICHEP 2010 update
sub-optimal PID and tagging With improved analysis
~3150 signal events ~6500 signal events

Initial result released at the end
of 2007, ~2000 signal events

CDF Run Il Preliminary L =135 " - CDF Run Il Preliminary L=281b" CDF Run Il Preliminary L=521b"
: 2 06 — oshoL 5 0.6 %ol |
—~ 0.6 —o95%CL. ~ JOp — 95%C.L. f et
P [ — 68%C.L. @2 | _ —— gslvl/opi:icﬁon
£ 0.4 -+ SM prediction |
o - i ;
0.0yt """"""" [T ””””””
0.2 @
-0.4F |
- C New Physics ; -
L A o6p o -0.6[ ;
-1 0 1 -1 0 1 _'1(')%
Bé(rgd) B, (rad) B, (rad)
0.16 < s < 1.41 at 68% CL 0.28 < Bs < 1.29 at 68% CL X

[0.02, 0.52] U [1.08, 1.55] at 68% CL
Agreement

with SM:—> 15% (1.506) —9p 7% (~1.80) —Pp 44%~0.8G
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Comparison Between Different Data Periods

- Divide 5.2 fb' sample in three sub-samples corresponding to three public releases:
0 - 1.4 fb’? (initial result released at the end of 2007, PRL 100, 161802 (2008)
1.4 - 2.8 fb"! (added for 2008 ICHEP update)
2.8 - 5.2 fb' (added for this update)

- Previous results reproduced with updated analysis
- Clearly, improved agreement with the SM expectation comes from the second half
of data (2.8 — 5.2 fb1)

0.6 oo 0.6f — 59 g ool —
i — 2. / i — 230 g 6L — s
0.4~ SM prediction 0.4f —e— SM prediction : r — 2.30
E i 04} —— SM prediction
'.-’t; 0.2 ‘T’(; 0.2} i
= O.ij ------------------------------------ ---------- = 0.0 i ‘g .
<4 i 5 < ) . 0.0
0.2¢ -0.2F < i
i ' i -0.2}
'0'4f Data 0-1:35 fb’" 0.4 Data135-2.8 1" 0 43_
0.61- S-wave not included 0 6i S-wave hot included T Data 2.8-5.2 fo’'
. | 1 e I _0.gl SWwave notincluded 5
-1 0 -1 0 1 [ R R S R
Bs (rad) B (rad) -1 0 1

Bs (rad)
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B, Lifetime and Decay Width Difference

- Assuming no CP violation (B, = 0) obtain most precise measurements of lifetime 7, and

decay width difference A7

ers = 458.6 £ 7.5 (stat.) + 3.6 (syst.) um

7s = 1.53 £ 0.025 (stat.) +0.012 (syst.) ps

TEVATRON, Corfu 2010, ASN

PDG average:

7= (1.47270058) x 10712 5

| cxft Signalregion | e Ry 11 Preliminary

5.2 fb

events/50um

+  Data
Fit
—— Signal
————— Light
---------- Heavy
Background

10°

o 02 03
¢t (Jw o) [em]

CP-even (B.'9") and CP-odd (B,"¢a)
components have different lifetimes
— AI'#0 53

=]

-

ra [ TTTTT l IIIIIII|
L
s

-0.1

AT = 0.07540.035 (stat.) £ 0.01 (syst.) ps~*
Systematic AT CTq
Signal efficiency:

Parameterisation 0.002 0.13

MC reweighting 0.001 0.44
Signal mass model 0.001  0.52
Background mass model 0.001 14
Resolution model 0.001 1.0
Background lifetime model 0.004 2.0
Background angular distribution:

Parameterisation 0.001  0.22

o(ct) correlation 0.0005 0.26

Non-factorisation 0.0001 0.42
BY — JuWK* crossfeed 0.004 0.26
SVX alignment 0.001 2.0
Mass error 0.0004 0.84
CT error 0.0003 0.72
Pull bias 0.54
Totals 0.01 3.6
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Mixing phase — resulits & prospecits

CDF Run Il Preliminary L=521b

0.6 — 95% CL
[ — 68% CL
0.4 —— SM prediction

B (rad)

NEW: p-value is 44% (0.8 o)
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Mixing phase — resulits & prospecits

CDF Run Il Preliminary L=52fb
06 — 95%cCL 5
~ —— 68%CL Al
0.4:_ —— SM predictiml/lfﬂ)ﬁ)
— 0.2f - j
£ o @
% 27 | ’r/
[ Y
-0.4f ’
—0.6:—
| P | .
-1 0 1
B, (rad)
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Mixing phase — resulits & prospecits

o 1 Preliminary
CDF Run Il Preliminary L = 52fb .-IT' 04 DO, 6.1 (;1 = _g,gig,ii
- _— i 0 E o _, 9 = . A
0.6 95% CL . B EB /e AM, = 17.7740.12 ps~?
- Q —
: — gi;/a CI;r | Aél) 5 02 @ — 68% CL
0.4 —— prediction %l) F T SM —95% CL.
I — L 0.0
0.2 E-
04
| r(/"'_ 3 2 -1 0 1 2 3
(¢ el

— — — = Prob(50) Prob(5c)
1 0 1 1 o
Bs ( rad) L=8fb-1/exp
08

: 0.8
Results 6f CDF and DG are consistent
within ~1o0 0.6 0.6/ L=6fb"/exp
. e . 04 0.4/
High probability of 50 ewdench
] 1 02 0.2! CDF+DO
over an interesting Bs range CDF only Py =%



MixXing phase — results & Drospecits

]
CDF Run Il Preliminary L=521f0 ~ os ' CDF 5.2tb™ FPCP 2010
0.6 —  9%CL : %,, Comparison: expectation of LHCb
N o it s|  and Tevatron@10fb! (2010)
~— 0.2F as |- - i
8_ i I LHCD preliminary 7 TeV; slbb)=292ub
= 0.0 e S [ — Uncertainties on albb)
% ' ) oa | W, and BRvis(Bl—J/yd)
i it _H__. —n mm s mm o mm s mm s mm m mm s mm s mm s = s
0.2 "\ 2xCDF(CDF+DO0), 8fb-/expt
041 01 T T
_0-6__ o Liesail IS N P NS R plis s
I R ! p . 0.1 0.2 0.3 0.4 0.5 D 'E H.T 'D B EI E
-1 rob(z Integrated Luminosity fb :I
B, (rad) 1 11 L=8tb/exp
7 , 0.8!
Results ‘of CDF and DO are consistent
within ~1o0 0.6 0.6/ L=6fb"/exp
. e . 04 0.4/
High probability of 50 evidence
] ] 02 0.2! CDF+DO
over an interesting Bs range : CDF only Py =%
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CONCLUDING REMARKS and
WHY we became interested in B Physics at Hadron Colliders

» HF Physics at Hadron colliders: UA1 = precursor
» HF Physics at Hadron Colliders: CDF = pioneer:

15t microvertex in hadronic colliders
15t trigger on displaced tracks
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CONCLUDING REMARKS and
WHY we became interested in B Physics at Hadron Colliders

» HF Physics at Hadron colliders: UA1 = precursor
» HF Physics at Hadron Colliders: CDF = pioneer:

15t microvertex in hadronic colliders
15t trigger on displaced tracks
» HF Physics at Hadron colliders: Run Il at Tevatron
Important breakthroughs and much more still to come...
About 2 times more data to be analyzed by 2011 and more if Runlll
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CONCLUDING REMARKS and
WHY we became interested in B Physics at Hadron Colliders

» HF Physics at Hadron colliders: UA1 = precursor
» HF Physics at Hadron Colliders: CDF = pioneer:

15t microvertex in hadronic colliders
15t trigger on displaced tracks
» HF Physics at Hadron colliders: Run Il at Tevatron
Important breakthroughs and much more still to come...
About 2 times more data to be analyzed by 2011 and more if Runlll

» HF Physics at Hadron colliders: A goldmine to look for NP

SM picture of CPV satisfactory at least at tree level in BO and B+
decays. NP Physics at at the level of < 10% effect.
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CONCLUDING REMARKS and
WHY we became interested in B Physics at Hadron Colliders

» HF Physics at Hadron colliders: UA1 = precursor
» HF Physics at Hadron Colliders: CDF = pioneer:

15t microvertex in hadronic colliders
15t trigger on displaced tracks
» HF Physics at Hadron colliders: Run Il at Tevatron
Important breakthroughs and much more still to come...
About 2 times more data to be analyzed by 2011 and more if Runlil

» HF Physics at Hadron colliders: A goldmine to look for NP

SM picture of CPV satisfactory at least at tree level in BO and B+
decays. NP Physics at at the level of < 10% effect

» To keep NP-scale in the TeV range, Physics BSM should have a
highly fine-tuned Flavour structure: Flavour problem ???
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REVEALING THE HIGGS SECTOR

Indirect search: W mass

EWSB What TOP tells us
Precision measurements

ppbar vs pp

ow mass H
igh mass H

prospects

This part presents some of the instrumental searches and breakings
in the exploration of the Higgs sector at the Tevatron
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Higgs sector demands it all from the detectors

— signal
seed track — isolation

\ 111 ¢

not associated
with tau candidate

e

Particle jet

Jet

Displaced tracks /
Decay lifetime
condary vertex
Lxy 3 // &9

S
—
/

a0

tagging

Primary vertex

Prompt tracks

WITH STRONG TRIGGERING POWER
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A dedicated new Higgs trigger & N.P. searches

Ten orders of magnitude to fight against!! High luminosity gives large
N calorimeter occupancy (pile up)
CER'f l f“f that generates fake clusters/
L N cluster merging (ex: red towers
- Ef1 = 40° .
th“ﬁﬁ? s seen as one single cluster)
1mb |- bi L 10’
i UA ! i §
- 1 : : J10° “-‘E 0
5 ! S
g Tubp- | : - r3‘:_> \\ \h.
o I
- = : I 103 °:3 2
2 I 5 . L%
s T S 8 ="
I ”n 0 g . 0
@ 1inb L I : g 00
Ot | g 00 "
= M gp= 175 GeV : w
l : 1
I
1pb l
! -3
— o Higgs :
m,, = 500 GeV o OBR), :mH=100 GeV
| | | ! “b (j-IBml : mH=180 GeV

0.001 0.01 01 1.0 10 100
/s TeV
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The upgraded Calorimeter Trigger

courtesy of Simone Donati

- 24x24 Calorimeter towers E(em), E(had)

CAL COT MLION SV CES
sent to L2 CPU @full resolution (10 bit) I I .
- Jet, e/y clustering, MET computed with xrr | [ BUON -
offline-style algorithm (immune to pileup). I
- Use fixed cone algo: AR=y (A¢? + An2)=0.7 XTRP
:\ SEEY R l 1y
7 I L1 L1 LL
. CAL TRACK MUON
e GX‘ P\ I_* ¢ *_I
0 Bl
n .
e had) ¢ Yy
10 bit E(em)' E( ;ﬁ J l SV
) 1 !
L2Cal [ GLOBAL ‘ ::l N
4 o 1SIVCLK
(4 Pulsar crates) HE G J LEVEL S F
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Wedge Energy

Same Custom Met
Hardware used Reconstruction
to calculate — to L1:
o Ll:
Met/SuméEt for L1 Same L2
: Resolution!
= »| Pulsar
)| L2cal | —— Merger Trigger Tower
- Pulgar 1 Energy
X0 T ( 4 S-LINK cables)
~.| Pulsar
Merger '
—| L 5Cal » Pulsar ,
Trigger Tower H Pulsar || | Merger
Energy 1  x6 |—| Pulsar
(288 LVDS Cables) / Merger L2 PC performs
LZCalll ~_— clustering and Met calculation
Pulsar |— Pulsar
\ 1 6 | Merger

Courtesy Laura Sartori




r1:lumi |

Effects of latest ~ gmo:  Etmiss25

trigger u pgrades 1800 oo Ll----COmmIssmmng .................... _____________________

1600

on L1 and L2: 1400 =

1200,
2 examples 1000}
800
600
400
- B After L2Cal Upgrade 200
mn__:.gOBef@reLz(:a] ) pgrade oF_|

| [t Lo ™ [ | ! | & | 1
120 140 160 1 3[]' 200 220 24[

Luminosity

80

S

-

(S =
B[ L2upgrade ____________ @ ______________________________ —

:§ | smce N0V07 5 ] This impacts also on the

| Sl é P .

i)

T- triggers

S0 100 150 200 250 00 Courtesy Laura Sartori
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New trigger strategies for the Higgs

calorimeter trigger upgrade together with XFT-3D, SVT upgrades
significantly improves CDF reach for the Higgs (and lots of Physics topics)

Ex: New Jet clustering provides Mode Acceptance
% 9002_ ] Old L2t <AE>=5.2 GeV Increase
S 800 - ~
2 10l 777] New L2: <AE>=0.4 GeV WH — +97 %
§ soof- evbb

500
a0l WH - +110 %
300; MVbb
200
wooF. ZH — +27 %
N R e e+e-bb
E;(L3)-E;(L2) [GeV] °
g = ""'""E’""A;“Auu:::::tscn ZH — +60 %
W ZH - +30 %
o5 vvbb
0.437
0.3% H — "’24 %
D.2}
01E Iviv
Dér"“ "’r i e T e s e B e T e e e T 11
8 10 12 14 13 18 20 22 24 26 28 3D 32 34 36 38 40D

L3 E, (GeV)
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= triggers at CDF e/u+ trac
. l\ to detect e/p- 1,
* a single calorimetric trigger tower with Et > 8 GeV OR muon hits |
L1 in muon chambers

* a matching track

Primarily designed to
trigger low Pt multileptons
Including 1’s

primarily designed

—__events /»/

T->7T v,

N&&? o v.zln,

T T V.
L2 * electron cluster Et > 8 GeV / muon Pt > 8 GeV

=
\_v_/\w_/}
\ne | O!YUOJp'eH

- -+
. : — > o
* a second track of Pt > 5 GeV 10 degrees in ¢ apart from (. o jr\ \7r V.= lnq _
e To2Y5Y -
the electron/muon frack ¢ T>=<7~ BR=36%
“ TV Y S~a

N\ -
L3 * Tighter electron/muon id
* charged frack isolation (for tau) 2 - find a track pointing to it (seed Tr‘ack)\

— signal
— isolation

N.B. Also included:
Tau+Missing Energy Trigger
and ot associated
Di-Tau Trigger e senaca

Oic0 " 3 - define signal and isolation cones

4 - match = s

Designed and installed by: Davis, LPNHE, PISA, Rutgers, TA&M in 2002
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SM Consistency Check: My,, M,,,, M,

» The W boson mass is derived from precisely measured EWK quantities
known to 0.015%
/

> Ar: - large radiative corrections

M2 — ?TCI(M%) 1 1 J - dominated by tb and Higgs loops
44 \/ﬁ/gg I—M%;/A?{% 1-Ar - se?sitive to new physigs
s I W W -
known to 0.0009% M., known to 0.002% ‘i“Q“;‘ﬂ | ‘3“ R 1\ \:!‘565
-Juwj1lo I an eva :‘Oh rel. | | AMWNlog(MH)
80.51 ::E::? anj gLDt et AIV'WNIVL[2 . t

RR9% (I

(Summer "10)

H 9 H
» Top mass: free parameter in S

>'
(O]
% ey A ) Strongly related to W and H mass
e | Top and W mass:
803 => Consistency check of the SM
= me e => Prediction of the Higgs mass
m, [GeV]
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W detectlon at Tevatron

& Underlying On tape ~ 7.5 fb! /expt
t Energies => ~6 Mio W’s per expt

=1

E;

Momentum/Energy

Scale & Resolution R ®/\ Production and
Decay Model

W events:
- single charged lepton

- high pr

- isolated O
« missing E; from neutrino ‘ ﬁ&ggﬂ“

(W—uv or ev). g ”7”' Hadronic recoil
- py¥ is inferred !IL_“;;‘_“H ﬂ
|T]e(trk)|<3.2, |T]u|<2

» Muons: central tracker + muon detectors Detailed understanding (~10MeV) of all
« Electrons: central tracker + calorimeter aspects of W is required.

04/09/2010 TEVATRON, Corfu 2010, ASN 72



W-Mass Measurement at the Tevatron
*Tevatron: mainly qg’ annihilation

precise charged lepton measurement

q \Y

“reo. Neutrino

- Main ingredients lepton p+ (~104 and
hadronic recoll (~1%) parallel to lepton u,

mp = \/QI)T}p%(l — COS AP); pp & ‘IJIT T

Z decay into leptons provide an excellent calibration sample:

- Z—pup (CDF) and Z—ee (CDF, DO) events to derive recoil model

- most systematic uncertainties limited by size of Z sample (10x less Z than W)
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Lepton Energy/Momentum Scale w

500 - CDF Il preliminary L dt ~ 200 pb”
E E(a) 1 fo” +|2§th MC S 4000 J
o 400 x2/dot = 153/160 S W—ev
= - E - Sg =1+ 0.00025_,
2 300 : L
o - ldof = 17 / 16
o 200F
- 2000
100 -
x a2 |b| i . i .I [
240 .} ........ b — ".'w _____ _____ _ | -
+ ||1 | W 'ﬂw ‘|E| HFIN |"|" 0 4 | | , | 1|5 ; | |

E/p (W—ev)

DO 70 75 80 85 90 95 100 105 110

m,. (GeV) CDF:

- Calibrate calorimeter using precisely _
known M., from LEP - Calibrate lepton momentum scale

using Y, J/vy, Z data

- Calibrate calorimeter against
precision tracker (E/p) and M,

- Detailed corrections for non
instrumented regions

- Reduce higher order corrections due
to ratio W/Z

Dominant systematic uncertainty (DO: 34 MeV, CDF: 17/30 MeV e/u)
04/09/2010 TEVATRON, Corfu 2010, ASN 74



w

e85 W-Mass: Recoil Model
- QCD radiation “recoiling” against W
Recoil due to:y« underlying event

l» overlapping min bias events COF Il preliminary [ Lt~ 200 gt
. Muon 12000 Mc data
‘\\ : L3 - T u=-0.46 GeV 1 =-0.44 + 0.02 GeV
N S pr(e) 10000— ;- 442 Gev 0 =4.42+0.01 GeV
N 8000
N 6000}
/ 4000
T — B
pr(V) 2000
= N P N B R B
-15 10 5 0 5 10 15

u, (W—>pv) (GeV)

Use Z —ee (DO and CDF) + Z — uu (CDF) [ZCandResoliFi 0]

balancing to calibrate recoil energy scale and oo
to model resolution 800

700

x2indf = 45.0/45

o e DD 1 b

= FAST MG

600

systematic uncertainty on M, :
DO: 6 MeVm; 12MeV p; -

300

CDF:9 MeV m;, 17 MeV p;

100

0

0 5 10 15 20 25 30
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W-Mass Resulis

1
3 10000 ) Do, 1 b ~Data .
.?, L -Eackground
S 7500 x2/dof = 48/49
0N L
E r
£ 50001
w C
2500
b Fl ’
2]?;%‘ Ly I‘ai W 2T A w
L \dl b ! | Lo L% llu‘ Tk, I'*..IH‘,“II. .I,,,.I‘
O iftn s WA el
e -2 BT F10 04T T
DO (1 fo ) 50 60 70 80 90 3,00
m, (Ge
my=80401+21 (stat)+38(syst) MeV r (GeV)
—Single most precise result
CDF Il preliminary IL dt=23 b
R
. % 15000— - data
| Amy, (0] —MC
published (200pb™)|54 MeV/c? g background
expected (2.3fb) | 16 MeV/c' 10000~
fit (2.3Fb7) 16 MeV/c* ‘g’ i 16 MeVic
D 5000 12ldof =72/ 48

CDF (200 pb1) ¢
m,,=80413+34(stat)+34(syst) MeV

| l

=1

— update w/ 2.4 fb

04/09/2010

70 80 0 100

my () (GeVic)

SyslemalieSource &m,(MeV)
Electron energy scale 34
Eleciron energy resolution mode| 2

Electron energy nonlinearity 4

W and I electron energy loss 4
differences

Recoil model é

Electron efficiencies 2
Backgrounds 2

Bosonp,

Total

37

Improve w/
statistics

Ultimately
limit precision

Tevatron Run |l precision goal:
Amy, < 25 MeV/experiment

TEVATRON, Corfu 2010, ASN
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Tevatron W Mass Combination

* New Tevatron combination:

mW=80420i31 MeV (0.038%)

CDF Run 0/1 ——— 80.436 = 0,081
— Update previous CDF result to DO Run | . 80.478 £ 0.083
modern PDFs
— Correct to same FW CDF Run i —— 80.413 = 0.048
— PDF, QED, I'\y uncertainties correlated Tevatron 2007 ——i 80.432 + 0.039
DO Run i —— 80.402 = 0.043
* More precise than LEPII legacy: Tevatron 2009 e 80.420 = 0.031
80.367+0.033 GeV (0.04%)
 New world average (2009):
World average o 80.399 = 0.023
—_ + | | | duly 08
my=80399 + 23 MeV 80 80.2 80.4 80.6
CDF (2.4 fb") and DO (5fb1) are working on m,, (GeV)

updates with improved analysis
=> expected to go < 25 MeV per experiment

=> W-MASS: ONE of the OUTSTANDING LEGACY OF THE TEVATRON
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The Top In |tsglf aild
as'a wmdow to New Physics




D TOP: A little bit of history...

RST OBSERVATIONS!

Electromagnetic Energy

- Hadronic Energy

72.4 GeV

CDF Calorimeter Lego
el Event '92

Et(METS)= 80.3 GeV
Phi = 175.4 Deg
Sum Et = 236.4 GeV 99.0 Gev

Central Tracking Chamber
and

Muon Chambers

29 Oct 1992, first observation of TOP by CDF in the Run I in
a golden e y event and the vertex detector signing b-jet!

Also found in e+jets channel (see next slide)
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=

‘an’h Top Mass Measurement Using The Template method “‘j\'l
Lina Galtieri (LBNL) a—

Method reported in the Evidence paper (PRD 50, 1994) and the Discovery paper (PRL 74, 1995)

Event detected September 24, 1992

Jwes good top candidate
B gy
o I£1 1 W ey, W jetjet
g 2 b jets, tagged

# Fueal
BN Bl
[RIL)

Wouldn't it be nice to find a
mass peak for top events?"

YES IT WOULDH

Top of the world Everest 28035
(picture by LG, Oct. 1993)

CDF Top Discovery mass measurement
(Slides from Top discovery talks by LG, spring 1995)

Systematic uncertainties (8 3/10 GeV) due to jet
energy uncertainties. (Talk at Moriond 1396)

Sample Templates Pseudo-experiments

Run IA top mass

Run | final , lepton+jets

L . B OOPs!

| Yi¥s Peak looks

H more like

IF N Ama Dablang!

Run II. lepton+ijets (picture by LG, Oct. 1993)

Enhanced 2D fit,

Improved jet systematics CDF Top Mass results using

the Template method

Reconstrected Top Mass

“l COF Ras B Prsbedaiiy G0l ks
<l [l Tl B Rrma e Tk
al ¥ o ) 2%
H i - a
0 :g o [ -
£ | | [ ITe—
g 18 [ T i 2 oem
LR T
al .
ol S = D T
70 0 o0 FS0 300 3S0 400

]

04/09/2010
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The Many ways to find New Physics with the Top

¢ i\

9,

Q; 1

Z’, KK T8s

Resonant Production
Forward-Backward Assymetry

T

04/09/2010

2 A R .

e U C
? — —
3¢ e

& D

Charge, Mass,
Width, Lifetime ...

A 4

Sample of Top Quarks

1, t', stop, ...
SUSY with (di-)lepton + jets
+ met signatures

L i -
" v, g
t_.__-
ﬂlw:-m,‘.fmh b
t->H'b -?

H* -> cs, v, WA

“The |pure and
simple truth is ¥
rarely| pure and

nevef simple”
- Osgar Wilde

2

TEVATRON, Corfu 2010, ASN
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ONGOING TOP ANALYSIS AT THE TEVATRON

analyses with up to 5 fb™! of data:

several thousand top candidate events per experiment

top pair production
I v

) anomalous couplings

q9 “ rare decays
\f branching ratios
CKM-Matrix-Element |V,
b w new particles

spin correlations

charge asymmetry mass, charge,

width, lifetime

IIAFI! .
—- 5N _
» s
production cross-section @Jm"f el
production kinematics - q' v
production through resonances h '
new particles qr

single top production observation by CDF and D@!
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Top Production at the Tevatron:
dominated by g qbar

Production

Decay

In Pairs

g t
(&2
B <
)y -
g™ f
~15 %
g YOO00 t
g U000 t

Single
q /r'
g ~30% 5
b f
~ 70 %

BR(t—Wb) ~100 %

OnLo = 7-4+0° 4, pb

JHEP 0809, 127 (2008) M=172.5 GeV' pro 66, 054024 (2002)

UNLD = 30 + 04 pb

g, = 45-55%
£,= 0.5-1%

04/09/2010
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TOP Quark Pair Production at Tevatron

> i q
o
& —
&Q q
b
= b
. e',p:
q;, ={u,d,s,c}
* Dilepton (lepton = e or p) (6%) » All-hadronic (46%)
~ Small rate, small backgrounds ~ Large rate, large background
— Main background: Drell-Yan — Main background: QCD multijet
- Highest purity - Least purity

e Lepton+Jets (lepton = e or ) (34%) ° Hadronic Taus (tau+lepton, tau+jets) (14%)

- Good rate and manageable backgrounds ~ Small rate and large backgrounds
~ Main background: W+jets, ~ Main background: Multijets, W+jets
- Good purity “Golden Channel” - Challenging purity
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s, [Pb]

Top cross section at the LHC at 14 TeV x100 Tevatron

" < 15%

-
- 85% g Wi‘ prﬂduchon
9 BOOOE t .
o DN 3 ’r—chﬂnnel SEEOaine

900" B = 250 Single-1op NLO cross-section vs 'E;ﬂ' -
800/ MMC NLO : 4

:: [ d 200" t—channsl I
7005 14 Tev — 10 Tev: Pl I WPy SER. x4
600! | o, \ factor 2.3 a | @ [mms—channel |

El oy  factor 1.4 1 §15¢- '
500 | . 1§ [ !

F1 X5.2 i ]
4055 I .__. - ilﬂ{ I
300! o 5 | |
20[} _* M : s /
100, -Y _ '

| |1 I . T T T 07 0 1 | 131
Uob"!J 6 8 10 12 14 - N
: s [TeV] .
Top pairs Single Top

04/09/2010

TEVATRON, Corfu 2010,

IIIIIIIIIIHIIIlIJIIII!II

Emﬂ‘ eV)

L. Sullivan, arXiv: hep-ph 0408049 (2004).

ASN
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TOP MASS Measurement Methods

Two main approaches:
» The Template Method
= Choose an observable x, sensitive to m,,,
= Predict x-distribution = f(m, ;) using MC (templates)

= For each event evaluate a Likelihood for each m, value
» Maximize the likelihood for the entire sample all hadronic
Exemple of variables used: ?13; f mi™ templates, > 2tags events (AJES = 0.0)
0 m,,, after kinematic reconstruction it B - o
o Lepton P, i . o
o Lxy: decay length of b-quarks in the event 51 M, - 190
2 oaf- —— P M AJES)
o8l

I T T T T T —
100 150 200 260 300

» The Matrix Element Method (ME) mi (GeV)
Uses all information from the event, integrating over the least known variables

> Systematics are somewhat different for different methods
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TOP MASS Measurement Methods

Two main approaches:

» The Template Method
= Choose an observable x, sensitive to m,,,
= Predict x-distribution = f(m, ;) using MC (templates)
= For each event evaluate a Likelihood for each m, value
» Maximize the likelihood for the entire sample
Exemple of variables used:

CDF Run Il Preliminary 2.9 b7y &Il hadronic

. . . = w: 22tags eventsm:“
0 My, after kinematic reconstruction % m-_ 4 Data
o Lepton P, ; : B rittea
0 Lxy: decay length of b-quarks in the event eF Fitted Bkg
305— %iNdof=202/22
[ Prob = D.569
2o
1uf—
> The Matrix Element Method (ME) O ]

Uses all information from the event, integrating over the least known variables

> Systematics are somewhat different for different methods
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Top mass extraction with ME method

% ME Method is based on a full LO calculation of top pair production + detector effects
** Per event, the probability to be produced under assuming a given top mass via
signal process is:

21 M., (v

ttbar * -

N .[ i Z R 1dq,dq; f epr (G4 ) ppr (4]

b ar

_ pwi(x,y)
41425

[
Proton

Antiproton

transfer functions W(x,y):
mapping from parton y
to measured object x

% Calculate main background probability in a similar way
+* Build event probability by adding: normalized signal + background probabilities
“ Determine top mass from likelihood fit of the event probabilities
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Top Mass example: ME applied to lepton +jets

The largest uncertainty on all Top quark mass measurements is due to
JET ENERGY SCALE (JES) uncertainties

The measurement of an overall jet energy
scale correction JES on top of the standard
corrections in lepton+jets is possible

because of well known W mass = Vi
L] [ 'E
on N 3
parbcie Ay '-fl‘“' - E
Vi ]

(MR E

1 Y |

-4
iy B
BB =
! ﬁ
i -
i -

W mass constrains JES - q
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Best present result in a single experiment

Measurement at CDF on lepton + jets data with 5.6 fb'' analyzed data

CDF Run Il Preliminary 5.6 fb”

E‘; 08 JES translates
2 ol // Jet into parton
- energy

0.4
u.zf—
o
020 —A(nL)=-0.5
0sb. — AN L) =-2.0
F —A(nL)=-45
D.6=_. | | I I A S R
1?'{] 'I?"1 172 173 174 175
m, {GaWc]

[mmp = 173.0 £ 0.7 (stat) = 0.6 (JES) = 0.9 (syst) GEV] 10‘7%

= 173.0 = 1.2 GeV
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Top Mass: Tevatron Combination, July 2010

Mass of the Top Quark m, =173.3 + 1.1 GeV | £0.6%
July 2010 (* preliminary) op J
¥ uly 2018
CDF-1 dilepton 1687.4 £11 . divas- 48 : : ' : I
. 1 —LEP2 and Tevatron (prel.)
DE-1 dilepton 168.4 $12 84123+ 58 80.5 - LEP1 and SLD
COF-l dilepton * 1706+ 3.8 222231 1 68%CL y
DO-11 dilepton * T 174738 ey
L]

CDF-l lepton+jels 1761+ 7.4 +51+53
DO-1 lepton+jets * 180.1+ 5.3 23935

B
CDF-ll lepton+jets * 1730213 paray

—f-
DE-11 lepton+jets 1737+ 1.8 z08218
CDF-! alljets 186.0 211 5100 27

i ——
CDF-l alljets 1748+ 2517418

. Remark: m, [GeV]
COF-1l track 1753+ 68 sas+3m
_ || m,op=(173.3 +1.1) GeV (0.6%)

Tevatron combination * 1733+ 1.1 zasz09

el | =(80.39920.023) GeV (0.028%)

ghdof = 6,1/10 (B1%)

| | I | L1 Amy, ~ 0.006 x 5m,,, ~ 7 MeV
150 160 170 180 190 200
m,., (GeVic?) for equal weights in Higgs limits
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Single top: after 15 years of search...

Experimentally very challenging and same as WH (signatures & backgrounds)

1 q g
Total inelastic 5
=2 . .
10 4 Going down dramatically
- mb in cross-section
10 bb

Cross section (barns)

10° Fub  |7:1070

10" o

Higgs (ZH + WH)
- fb
10,
100 120 140 160 180 200
Higgs mass (GeV)/c N HOM ¥
q’ J
= multivariate analysis techniques b
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Multivariate Analyses: BDT & BNN

Use common Object and Event Kinematics, Angular Correlations, Jet
Reconstruction and Top Quark Reconstruction variables

Boosted Decision Trees (BDT)

— Recover events that fail criteria in cut-based analysis

— Boosting averages the results over many frees,
unproving the performance

— Uses highest ranked common 64 variables

Hiddar
Irput f"_ N
f }h_ .-"'I\\. Owrput
'?\} (g ,f“ A
:' [ ‘—’}
S A |
(r N ”{51 4
W -
‘* _f‘

04/09/2010

Bayesian Neural Network (BNN)
— NN frain on signal and background, producing

one output discriminant

— Bayesian NN average over many networks,
improving the performance

— Uses highest ranked 18-28 variables in each
channel
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Multivariate analysis: Matrix Element (ME)

Use the 4-vectors of all reconstructed leptons
and jets

Use Feynman diagrams to compute an event g g
probability density for signal and background
hypotheses J.

Uses events with 2 and 3 jets only e
ME for signal (tb & tqb) and background
Split the sample m high and low H-

(W+jets and top quark pair dominated regions)
improves the performance

Without forgetting maximum Likelihood.....

= Training for Higgs searches; most of the developed tools were then applied
to the search for Higgs(ses): see later
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Trees

Boosted Decision

04/09/2010

Event Yield
3
-

200

Boosted

Neural Networks

Matrix Elements

k et i
'-L i N b e "

D@ Single Top

Data +
= th+tgh IR

g uncertainty =
on background S

20

bs o085 08 085

0 0.2 0.4

2.3fb"
W+jets Il
tf Il
Multijets Il

40+

S{'gnal Region //

0.6 0.8 1
Discriminant Output

TEVATRON, Corfu 2010, ASN
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Boosted Decision
Trees

Neural Networks

Matrix Elements Likelihood
..Irl'_l.:-'
i " Pk = ————
\\\‘? ] =1 fi fian
o

/ _.’J / ]-Irl.... p
d ; L)) = —Atiml Pik
/ ey = T

a FET+jEt5 selection :

recover badly reconstructed e, y; include T

0 02 04 08
Super Discriminant

04/09/2010

oA 1 -1 05

0

3

e 1
M. Discriminant

TEVATRON, Corfu 2010, ASN
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- Single Top
- W+HF
B

QCD+Mistag




Single top results

o CDF(3.2fb~ ") (D@ ({2.3fb~7)
SIgNificance -mys——0obs— [ Exp. | ObS.
ME 4.9 4.3 4.1 49
BOT 0.2 2.9 4.3 46
NN 0.2 2.9 4.1 0.2
LF 4.0 2.4 — —
LF s-chan 2.0 1.1 — —
Ertjets 1.4 2.1 — —
Comb. 5.9 5.0 4.9 5.0
D@ 2.3fb™ March 2009
Decision Trees 3.74 176 pb THE result of
sayesianNs [-e— 4708w | the year 2009

Matrix Elem<:ants 4.30 i?;SS pb

|
BLUE Combination 4.16 £0.84 pb

CDF Preliminary Single Top Summary
For M,__ = 175 GeV/c"

S-Lhannel & 0.8
Liefihood Function + o

(32 ) 1 5 R

Meural MNepswors
U

II-;?-FHI_I 1'Eiu'|ﬁ
Matrix Elament + 0.7

(A2 ) 25_ 06
Likelihood Function + D8

(32} 16+ 0.7

——
Boosted Decision Tree 24+ 0.7

(32 ) R 1 N -
Cormbinatipn (Lepton+Jets) + OB

(A2 ) 2.1+ (L8]
MET+Jets -

(21 m | =
Combinatipn (Al Channels) . % 234 0.6
: (A2 | : ) : 0.5

-2 0 0

Single Top Production Cross Section (pb)

RLOE Sulbean. Pays Rie DTS 400D [0S

WY L0 N Edanakss, Py, Ros D74 118013 [306]

. IV,,1=0.91+0.11 (exp)+0.07(theory) (CDF)

BNN Combination 3.94 1088 pb

|

N Kidona%ls PRD 74, §14012 (2006) my,, =170 GeV
|
I

0 — 5 10
o (pp — th+X, tgh+X) [pb]

04/09/2010

IV,,1=1.0740.12 (DO)
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» High luminosity samples allow for
measurements of low cross

» provided also sophisticated

Going down to smaller cross section processes

section processes

triggers & analyses.

DIBOSON PRODUCTION:

CDF & DO have observed

WW WZ, and ZZ production via

leptonic decay channels

First observations of WW/WZ
production in the semi-leptonic

decay channel
These measurements are

for validating our Higgs search

techniques

04/09/2010

(cont’d)

CDF Run Il, pp at\/s = 1.96 TeV

=) =
[ -
= —-— o CDF Preliminary
T 104
E 0WE o = CDF Published
tn -
S - ITheory
G 10°
c =
ke, -
s T o
S an2
8 10E
0 -
10 3 e [~
- RS
critical 1 -+
T
10—1 : E . E i ; |
W < l’l’? e}' Hf;,y F/ H? f 22- H‘?pr
M, =160
TEVATRON, Corfu 2010, ASN 98




Triple Gauge Coupling (TGC) interest per se and as background for Higgs searches

P

t-channel "7 s-channel W,z qqg'->W" SWy: WWy
" qg'—-w" Wz :wWwz
’Y:Z: W #
qg —Z1ly" =WW: WWy,  WWZ

qq —>Z/y(*) —Zy :
qq —Zly" —»7Z

22y, Zyy
2Ly, 277

p
®s-ch. prod. probes non-Abelian structure of SU(2)LeU(1)Y
WTevatron sensitive to different TGCs than LEP higher s

B |mportant background for Higgs Searches!

ElNew physics => enhanced rate of diboson production!

hs]

Randall-Sundrum

grzgviton z

" The Unknown
TEVATRON, Corfu 2010, ASN 99
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Constraints on the SM Higgs Boson

What we know from:
*Direct search at LEPII:

Mh > 114 GeV/c2 @95% CL
*Precision EWK meaurements (top mass, W mass, etc):
Mhn = 89.0+3 26 GeV/c?

M < 158 GeV/c? @95% CL

6 August 2009 m,
—
* &

Jully 20010
J I

1 —LEP2 and Tevatron (prel.)

8054 —LEP1 and SLD

68% CL
| New Mi‘ap

| CDF+DO :
173.3 + 1.1 GeV ||

" 200

TG el -
iy % i —D.D2758+0 00035 ]
1 T % === D.D2748+0.00012
A - === incl. low Q2 data 3 —
N Obsefvable
> = 3 -
g 3 | Teyatron
2 — 3 —
1- ]
] LEP i ]
0 Excluded i / Preliminary
3(]4 1[@ 300
m_, [GeV]
04/09/2010

TEVATRON, Corfu 2010, ASN
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The many ways to produce a light Higgs at the Tevatron

gg—H—bb

.._+<:.+ E ..+_‘<r; T

m,<135GeV

7ZH — 11 bb
VH — vvbb
lvbb

VH —qq bb
H— t1+jets
bb-+jets

04/09/2010

TEVATRON, Corfu 2010, ASN

m,>135GeV

W,Z

2
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Higgs Production at the Tevatron: the main channels

( zHolbb ) ( ZH-owbb )

( WH — Ivbb ).

For m, = 115 GeV/c?, ~3.5 events/fb-! expected to be reconstruct/expt. (double b-tags)
‘E\rents produced at CDF in1fb |

@ 70;

= 602— ~6 months data

@ 50 Totql
40 .
30 H —> WWoshviv
20 WH —Ivbb
10§ : ZH—vvbb

v . ZH —libb
For m, = 165 GeV/c?, 27 events/fb T s -

expected to be reconstruct/expt.

Higgs mass (GeV)

04/09/2010 TEVATRON, Corfu 2010, ASN 103



LOW MASS HIGGS Productlon and Decay

i; 1.1:}5 - Prnducﬂnn Ew
my (GeVicd)
Low Mass Final States
W H — (ubb 1 High Pt Lepton + B4 + b jets
ZH — 00bb 2 High Pt Leptons + b jets

ZH — vvbb ' '
[ WH — (Oubb ]-»O High Pt Leptons + Et + b jets

Efficiency for tagging b-quark jets is critical as well as rate for mis-tagging light quark jets
04/09/2010 TEVATRON, Corfu 2010, ASN 104




Cross section (barns)

'IDE

10

16°

16°

1{510

12
10

TEM

: -16

04/09/2010

Cross Sections at 1.96 TeV

Total inelastic

Higgs (ZH + WH)
-fb

-mb

bb
- b

W
“hb 7

tt
-_@h..\\\

4

0 100 120 140 160 180 200

Higgs mass (GeV)/c’

5 x10 CHALLENGE:
Separate Signal
2000 from Background

400
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The Strategy

Attack at every opportunity! And use all means!
1) Maximize acceptance

“Tight”cuts on final state objects (leptons,jets, etc.) are too costly
Valuable signal efficiency is available at the cost of additional
hard work! Includes triggers as well.

2) Minimize backgrounds

* Often a good model of the backgrounds are needed to do this -
some may come from the data itself

3) Maximize measurement resolution

° Improvements in jet energy resolution directly impact acceptance,
backgrounds, and many other aspects of the analyses

4) Extract the most from the resulting events
* Use advanced algorithms like decision tree, neural networks,
matrix elements, etc

04/09/2010 TEVATRON, Corfu 2010, ASN 106



Maximizing Acceptance
Example: ZH — ¢¢bb

Reconstruct Z candidate using Reconstruct Z
two loose muons AND non- candidate using a p and
muon trigger! an isolated track

T Z+ag
Z Mass, CMIO-CMIO o it + Data
120~ cDF Run Il Preliminary, 5.6 b . s 3 D@ Run Il Preliminary (4.2 fi5") Z+jets
akes E m :_ Z+HF
I = . B Top
: it Dibeson
300 — | Multijet
250 |
200}
150 —
100~ ¢ ";
mf o —‘__;—-l' w
0 E 1 . _I__'.-Ih AT -.I_‘_...:.‘E:m:m
0 20 40 G0 B0 100 120 140 160 180 200
85 100 105 M, [3eV]

Typical gain from increased lepton ID ~15%

04/09/2010 TEVATRON, Corfu 2010, ASN 107



Tagging Jets from b-quarks

] Idea is to pick out jets consistent with
having originated from long-lived b-
quark (typically involves reconstruction
of secondary track vertex within jet)

O More sophisticated tools incorporating
both jet shape and track variables are
used to obtain additional discrimination
between different flavor quark jets

Prompt tracks

» CDF uses a variety of secondary vertexing algorithms
» DO uses NN tagger based on 7 discriminating

nEvents

Decay lifetime

Displaced tracks

Lxy 3

Primary vertex =~/

Jet

// JSecondary vertex

—s— data
— Light Flavor

B-lifetime variables

220
200

CDF Run Il Preliminary L = 2.7 !

—— Bottom
— Charm

S

g o4 — b-jets —

g 03 .. light-jets j:zg
=Btagging eff: ~ 50-70% | § .
"Depends on Jet(ET& n) | § %2 ANN b-tagger so0f-
=Mistag rates ~0.3 - 6.0%)]| § o1 =
. o S 005 f w woF |
Loose tagging if double |2 ~  —tmee L ok
tag NN Output ‘lf_

New: a neural network Flavor

04/09/2010 TEVATRON, Corfu 2010, ASN

P ST N A TR
-0.8 -0.6 -0.4 -0.2 0

P IR NI
0.2 0.4 0.6 0.8 1

KIT F.fa§r Separator
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“ Pre-tag W+jets loose isolated
tracks (mostly electrons)

4000

Events

12000

10000

8000

6000

4000

2000

Modeling of Backgrounds

DY Preliminary
L=5.31b"

W+ 2 jet

(c)

+ Data
] Wajet
B Multi Jet
Ewbbicr
7

[ s-top
[ Diboson
—_

115 GeV (x10]

05 1 15 2 25 3 35 4 45 5

AR of two leading jets

“* Pre-tag W+jets

04/09/2010

TEVATRON, Corfu 2010, ASN

Events/ 5 GeV

CDF Run Il Preliminary (5.7 fb™)

600

500

400

| Loose Isolated Track e Data
Pretag Non-W
Z +jets
. Di-boson
Single Top
1 (7.04pb)
Bwsnr

W+ LF
— wh115x100
Error of BG

'l‘—"’*_.ﬁtﬁ...-.
20 40 60 80 100 120 140 160 180 200
Pt of W (GeV/c)

2500— Pretag

2000

1500

1000

500

=

DO Preliminary, 5.2 fbo™'
—— Data
— Z+LF
Z+HF

, Top
w Diboson
[ Multijet

20 40 60 80 100 120 140 160 180 200
Dijet Mass [GeV]

“*Pre-tag Z+jets
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Using Advanced Algorithms

Artificial Neural Networks (ANN), Boosted Decision Trees (BDT), Matrix Element:ME

e Ex: ANN used to combine information from different kinematic variables both
Energy-based and Shape-based

e Improved discrimination and less sensitive to systematic effects

e Tested using already observed physics processes: identification of top in Lepton+ jets
Kinematic variables Neural Final discriminant

0zF - Py — Network * COF Il Preliminary 28 N 23

— Wt dsis

E 01
oif

N

o RS
q{: U( 01 0.2 FER: -] Q\\t{ \/ Vlf“;;

a5t S

f" 4
AN

IN

- . /A
; * - aaf WA/
- . N

3 . az2f | |* = \0‘\‘,\‘} 1/]/‘0‘/

E o " " ﬁ\’v‘\‘t\’!‘vé'(
Tz 3] TS -y AV
’ ’ < N A

\, AN N

A
IR b [ WommDihtie: ] \.o,‘u‘,\‘, X 2
- RO
azf a2 }%’f“,‘fﬁ’&
¥ E INNVS

.+.

&

i | B data (5388 evis)
4 350 B o

i B et

: Bl oco

aaf aif —* SrEe V/‘l,/r'i&\k\\'?
L . “a N
% 1 -2' -l R 4 ] = .1uc ll/" A\‘-\>

N/ 7
/"““\"

A

N~

0 01 02 03 04 05 06 07 08 09 9
NN output

! - 6.80 + 0.38 (stat) £ 0.61 (syst) + 0.39 (lumi) pb
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Kinematics*.

Event

04/09/2010

Final Discriminants

oy W Also. likelihoods CDF Run Il Preliminary, L =4.8 f5"_|merins
& — ’ . 10° Eista
O Cg based on matrix )
g & element calculations g |
= — w y
o % 10 E =
& B Glileasisa s e
(N © ot . 2
L g
102 L 5
0 02 04 06 08 1
Event Probability Discriminant
Trai CDF Run Il Preliminary [L=saw’
120F 550 Jets, High S/B =

Events / 0.05
g

[ M, = 165 GeV/c?

_Final |
“Discriminant & sof
603—
40;
~“multiple input 20
™ _-.—-. - lh__a—v_ h I
Val‘lables O-T 08 -06 -04 -02 0 02 04 06 H;}E' 1
NN Output
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Applications of Advanced Algorithms

Diboson observation : Single top observation
WW + WZ = Ivjj t+q = Ivb+j (with b-tag)
Similar to WH — Ivbb Similar to WH — Ivbb
Matrix Element : Neural Network :
Us: o(WW+WZ2) = 16.6+3.5-3.0pb  Us : o(t) = 4.70 +1.18 -0.93 pb
SM:0=15.1+£0.8 pb SM:0=346+1.8pb
CDF Run Il Preliminary, L=4.6 fl::n"l i:’"';z‘z E SDD_ =ﬁ)af:'qb DG 2.3 fb” w
- M wbb
10* Non-W w 400 — - wee
t# E.qm E . :gxlr;:'v’r) 150.
E‘ 101 -‘;Ii_j -'-:la m 3DD'_ = imgit:jgf;q .
L% ” 200 | 50 *
I 4 Bﬁ 08 1
100 |
10 I
oL .
0 0.2 0.4 0.6 0.8 1 0 02 04 06 08 1
Event Probability Discriminant Bayesian Neural Networks Output
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ZH — 00bb .+

® Two High Pt Leptons
® No (direct) Missing Et
- >=2 |ets
- Split up 1 and 2 b-tags

Features: Primary Backgrounds

1. Small 0°BR \ZCEV‘ Zqq’

2. Several tight constraints - @

LMy = M; -

i. “Ex” — improve jet resol. WW +343, W2, ZZ
1. ~1 evt/6 fb! (dbl tags) g /Z =TT
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CDF Run Il Preliminary (5.7 fb™)

Double Tag (High S/B) & data B WWWZZZ

] Z+1fjets ;
10 [ M, =120 GeVie? x 25 After NN Corr. = jets [] Fakes
4[] M, =120 GeV/e? » 25 Before NN Corr. Wzeob [t

8_- .Z+ec

ZH — b Diyet Mass Improvements

Use of a NN, with inputs of

% sbserved jet energies and directions,
MET magnitude and direction,

to correct the two highest Et jets

Number of Events
2

Ly

0 150 200 250 300 350
M;; (GeV/c)
|
' Use of a kinematic fit, adjusting lepton and jet energies
to obtain the correct M; and P: of the llbb system
3 _[or T e——r 3 0 pr D@ Preliminary, 5.2 fb
= 50 :_ —— Data = S0 —— Data
> - —Z+LF a s —Z+LF
g 40 P Z4HF "E 40/ Z+HF
g - Top > - Top
& 300 Diboson | =i gt 5 Diboson
- I Multijet - B Multijet
20} - ZH x100 200 | -+ ZH x100
10 | B 10 a l_"--i_l_":" e
T . |y g I s e s =
%20 40 60 80 100 120 140 160 180 200 %20 40 60 80 100 120 140 160 180 200
Dijet Mass [GeV] Dijet Mass (Kinematic Fit) [GeV]
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Event Discriminants

ZH— lilbb NN OutPut Blnnmg

3 CDF Run Il Preliminary (5.7 fb™)
o5 £ 25]  Double Tag (High S/B) édm E“‘“‘““Z
k LHIf jets Fakes
Ny E 20_5 I:I My, = 120 GeVie x 25 .z+th O
-TIEtE = : . O Z+ee
°one axis is ZH vs Z+jets Lé 15
*one axis is ZH vs ttbar 2 0
°A 10% slice along the ZH vs ttbar is :
for display (full 2D is used in limit) 5;+
0 0.2 0.4 0.6 0.8 1

NN Output 10% Slice along ZH vs. tt axis

“g’_' D@ Preliminary, 5.2 fb™
DO
uses a Random Forest 2
Decision Tree method:
*20 well modeled inputs chosed @ o »— i °
*200 trees are trained, using a random oty
subset of 10 inputs e e g
*RF Output is the performance A T PR PSS Dbt s~
weighted result of all 200 trees RF Output
04/09/2010 TEVATRON, Corfu 2010, ASN 115



ZH — b Event Displays

Run, Event: 229879, 3787664 E
Dijet Mass: 113.06 GeV/c? CDF Ru n[)lllnI:L?:’]mEIC::]yt

T : — Dijet Mass = 113 GeV/c?
-' T |Z Mass = 86.2 GeV/c?
MET = 8.5 GeV

Run, Event: 230010, 12199215 CDF Run Il Prehmlnary
Dijet Mass: 115.98 GeV/c? :
o Z Mass: 92.75 GeV/c2 — Dimuon Event
i MET: 10.9 GeV_ T

AU | |Z1 NN: 0.96, (7 NN 3 TR ' —
S/B @ 115 GeV/df: 0]42 [

5(GeV/c

Dijet Mass = 116 GeV/c?
Z Mass = 92.8 GeV/c?[* ”
MET =10.9 GeV
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ZH — 00bb Results

CDF Run Il Preliminary (5.7 fb™

= f —_ :
% ZH — I'T'bb (all sub-channels) o - D@ PreI|T|naw, 6.2 fb’
E I Expected dé : ZH— 11 bb
'E | — Observed - - .
5 1% o1 T
S 5 AT
d ] « I T L
< 104 ' — Observed
K - Ry Expected
: i
1 L L L :llllllllllllIIIIIIII|I||I|||||||||||||||
100 110 120 130 140 150 100 105 110 115 120 125 130 135 140 145 150
M,, (GeV/c?) M, (GeV)
Mnh = 115 GeV/c?
Experiment |Luminosity [Obs/SM |Exp/SM
-1
DO 6.21b™" 8.0 5.7
CDF 5.7 b1 6.0 9.5
04/09/2010 TEVATRON, Corfu 2010, ASN 117



7 H — vubb

® No High Pt Leptons

® Large Missing ET

- DO: 2 jets 2 b-tags

- CDF: 2/3 Jets, 1/2 b-tags

Features:

1. Trigger is more challenging Primarv Backarounds

E. Large QCD/Fake Bkg: Difficult to
imulate: use data QCD Heavy Flavor,

* Use tracks to help bkg = _
identification. tt, W/Z + bb/ce,

» Large contribution ~50% from WH Single Top,
* ~10 evts/ 6fb-! (double tags)
k I 27, WZ, WW
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CDF Run I] Prellmmary 3. 7 fb

ZH — vvbb Background Modeling

- Higgs SS
I Multijet
B W-+HF

[ z+uF

Il Diboson
B Single Top |
Il Top Pair
— DATA 7
gt Signal (x10) o

Events/10

divides data into 5 subsamples: 20
*Signal used to search for Higgs I
*QCD Region for systematic studies i
*EWK region for modeling ewk processes 10
*QCD Regions (2) to check normalization of

Multidet (MJ)

0 100 200 300 400

Dijet invariant mass

' Ew control sample (two asymmetrlc btags)
w ? 80 DO Prellmlnaryr (5.5 fb ) ]
s . 50 + —+Data
divides data into 4 subsamples: + Top
*Signal used to search for Higgs + W V+h AV
*MJ-model for modeling MJ background 30 + V+lf.

in signal sample

Events / 25.00

*MJ-control to validate MJ-modeling 20 n
*EWK control, enhanced in W->pv 10 4 4+
04/09/2010 TEVATRON, Corfu  gs= 0" 100 180 200 lzsnl —50

DiJet Invariant Mass (GeV)



rellmmary 5. 7 fb

vvbb MultiJet (QC D) Removal

Multidet background
*Preserves 70% of signal

= 150 |
=] -nggs SS
z I Multijet
§ l B wHF
~uses a QCD NN: ] 100f8 -
*Based on Jet kinematics as well as —
“track missing transverse momentum” A
< Signal (x1
*Removes 87% of MJ, 50-70% of non- R
50 .
MJ background 1
*Preserves 90-95% of signal
a0' ____ Analysis sample (pre btag)
§ oF DO Prel.m.r_rz (65 b )
3 8 o
employs a Multijet Discriminant: G 1 S 3
*Based on jet kinematics (after cut on “track® | D50
based missing transverse momentum”) 4t >
*Removes 95% of Multidet and 65% of non-  3{ , =
2
1
Q

06 08 1
Multijet DT
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vbb Event Dzscrzmmants

CDF Run H Prellmmary 5. 7 fb

CDF Run II Prellmmary 5 7 fb

= T |
B s - Higgs SS g r B Higges SS -
5 - B Multijet 2 - B Multijet
U:J' 30 B W+HF — § 60— B W-+HF
: B z+HF 1 K L B z-ur i
Il Diboson ] = Bl Diboson .
B Single Top : L B Single Top
20 Il Top Pair 40— Il Top Pair
— DATA . L _ — DATA J
55 Signal (x10) - o 2 Signal (x10)
10 20
0 s LS 0
0 100 200 300 400 -2 -1 0 1
Dijet invariant mass NN,
- ] _ ﬁnallymslslmlnple (two asymmletnc btags) . - - .*?"??'}’s'sl’?“.".‘?'.e. (Itwo “FV'.“.".’"T"."F btagﬁs_)
§ 200| MJDT:- 0.0 Do Prellmlnmaagﬁ 5fb ) ] ' 120:_ MJDT > 0.0 Do Prellmurjf_ (5 51fb )
-~ + Top 3 - + Top .
o | Wv+hiAV | £100 + B Vih VY
g 150 V4. ) F —+— V4lf. ]
= L I Multijet 1 8o I Multijet
w - CJvHx 10 1 B + —+—_+_ [CJvHx 10 ]
100 ] 60
[ —+ - 1 a0
50
20|
0 .
50 200 250 300 -
Didet Invariant Mass (GeV) " Final Discriminant
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ZH — vvbb Event Display

Dijet Mass = 107 GeV/c?
Jet1 Et = 86 GeV/c?
Jet2 Et = 62 GeV/c?
MET = 129 GeV
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95% C.L. limit / SM

10

ZH — vubb Results

CDF Run Il Preliminary, 5.7 fb"'

68% Confidence interval
P 95% Confidence interval
--------- Expected 95% C.L. limit
Observed 95% C.L. limit

Limit / o(pp—(W/Z)H)xBR(H—>bb)

100 105 110 115 120 125 130 135 140 145 150

T T T | T T T I T M| 1 1 1
100 110 120 130

I114{'}I - I15{]'I I'L'IH(GGV)

Mih = 115 GeV/c?

Higgs Mass (GeVic ?)
Experiment | Lum |Obs/SM|Exp/SM
CDF 57107 23 | 4.0
DO 6.4fb"| 34 | 4.2
04/09/2010
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® High Pt Lepton
® Missing Er

- 2/3 Jets, 1/2 b-tags

7

Features:

&

1. Good Acceptance

2. Final state similar to
single top production

3. ~5 evts/ 6 fb"! (dbl tags)

| Primary Backgrounds

‘ (T/Vcé, \ Waq
SN__7

Single to;

non — W QCD

04/09/2010

Wz, Ww

J — TT

J

\
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WH — fybb Procedure CDFPreliminary,L:;z_:‘frb-1

CDF uses 2 methods: £ 3003_—_'-=_ _oorom
’e/p MET, 2/3 jetS g - _+_ -SingleTop
*double loose or single tight tagging % mi -
*Flavor separator for single tags T [ WL
*Two discriminants = | W otner

. B [777] Uncertainty
1) Matrix Element S 100 .
2) Bayesian Neural Network (adds in ©

single isolated tracks as well) o‘—

W+2jets W+3jets Wdjets W+5jets

/] -
22000-D Preliminary W+ 2jet
@ L =5.3 fb™ D%afjit
i B Multi Je
10000/ :l’u}fb%f cﬁt
i =0
EIJDD_— [ Diboson
D0 method: - W
*e/u MET, 2/3 jets -
°Double loose or single tight tagging a000]-
*Random forest discriminant -
2000

20 40 60 80 100 120 140
W Transverse Mass (GeV)

04/09/2010 TEVATRON, Corfu 2010, ASN 125



WH — fubb

CDF Run Il Preliminary (5.7 fb™) g 30
% ' : : ! J":
= _ _ T 25
E 102 ; —#— Observed Limit 2
_i I Expected Limit g
(8] . Pseudo-Experiment + 1o : ______________________ " 20
§ | - F’seudo.—Experirnent.:EZ:: ___________________________ %
IS I S —— P - = 15
| E
) -
10
10
] 5
I 0
1 T T T : 1L 111 : I 111 II ||||||||||||
110 120 130

140
Higgs Mass (GeV/c?)

Results

D@ Preliminary, L=5.3 b’
— WH (H-bb) Combination
- — Observed Limit
=+ Expected Limit

el

1119 I 1111 I 11
100 105 110 1

15

11 I | N - I E E
120 125 130 135 145 150

m, (GeV/c?)

Experiment/Lum Obs/SM

Exp/SM

CDF 5.7 fb" |3.6/4.5

3.5/3.4

Mn =115 GeV/c?

DO 5.3 fb 3.7

4.7

04/09/2010

TEVATRON, Corfu 2010, ASN

126



Tevatron Candidate Summary, mg=115 GeV

Tevatron Run II Preliminary, L < 6.7 !

Tevatron Run IT Preliminary, L. < 6.7 b

m,=115 GeV

]
------ Signal+Background <
— Background il
+ TEV Data iy

July 19,2010

2 4 6 8 10 12 14
Integrated Expected Signal

E Fluctuations: Excess and
deficit average out :
Expected limit 1.45*SM
Observed limit 1.56*SM

wn F T T T T T T
.60 e Tevatron Data|
§10 - my=115 GeV/c* [ Background |
=105 [ Bl Signal
4 g July 19, 2010
10 I e0®e o0
103] : Data: 5 events
102] e | Backgnd: 0.8 events
w0 | - / SB~1:2
Fet
1| - .
0} 3
10 2 ] ]
10 -3 % | | | \. I ?
-4 -3 -2 0 1
log,,(s/b)
—~ R T T T T T T
2100 | | | cDH+ DO Ryn 11 Prelimidary t~ Data-Background E
S 75 [] =i T s :
*g 50 | <+ [ —— =1 s.d. on Background
<1>) ]
0 F T
25 T + -
_50 } T |
=75 3 ae m, =115 GeV/c?> ]
-100 | July 19,2010
S vy o ey ey by by
-4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 0
log,,(s/b)

04/09/2010

TEVATRON, Corfu 2010, ASN

127




“HIGH” MASS LIGHT HIGGS gg—H—->WW (OS leptons)

H->WW decay in: yvBF VWW

VH—-VWW (SS leptons)
Both CDF and DO: VH—=VWW —=[*vi*v+X
Selection: 2 opposite —signed, isolated high Pt leptons, Plus missing energy and m(ll)>15 GeV

ML

217! Higgs is a scalar => Angular

correlations are different from

SM background WW:

The signal leptons come out
collinear (AD,)
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Whv W leptonic decays?

W+jets and multijet background prohibit using
W— hadron decays

electron+jets
muon+jets
tautjets

Br(WW —ee, el, MM)= 6%, but:
= Manageable background
= | epton trigger are easier
= Missing Et is a good signature too
tautjets = Include also some W—T v_decays
muon+tjets = | eptons acceptance: )
electron+jets g
]
W decay

= 3
2 e B Coamber
Chamber - Extenslon

1 e

0 3

; |

2 lCDF Electron )

3 iy Inter calorimeter e-:

3 9 A = = 10% gain in DO e- acceptance

Forward Electron Central Electron Track in Crack Forward MIP Captral MIP Track In Crack

10% gain in CDF electron acceptance 30% gain in CDF single-muon acceptance
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*WW/WZ
*W+Jets/y
H—-WW BACKGROUNDS: ¢Drell-Yan
ett, single top
eMultijet with jet — [l openinge anele

faking lepton W et
(le:;— CEpy ———
o O ——>
v W £
— kinematics mput MVA

\‘H'\-\_
COF Run Il Preliminary @ _[L =dsm

e Kinematic Discrimimants

o [ 0So0Jets Wsjots
— 120 M, = 160 GeV/c” Wy
.E o
- WE
2 100 zz
W - o
CJww
aap — HAW = 10
L -+ Cala
80—
40l
20|
4
u =
0o 05 1 15 2 25 3 35 4 45 &
A R{IN

All backgrounds were measured
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CDF Analysis Strategy
e
haa
et
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CDF Run II Preliminary [ £ =59fh" COF Run Il Freliminary [r=som’
My — 165 GV /e § [osedem Highsie g
— S ool My =185 GeVic* 5
tt 223+ 0.66 W - o
oy 227+ G2 -
ww 563 + 56 €
Wz 255 £ 3.8
ZZ 3853 + 5.4
Wtjets 215 £ 5l
W~y 155 =+ 22
Total Background 1226 + 120
qg — H 16.9 = 3.0 €— g
WH 0410 + 0.070
ZH 0416 £+ 0.059
VEF 0.140 £+ 0028
Total Signal 178 £ 3.1
Data 1230
OS5 0 Jels
CDF Run Il Preliminarny Jl =sa ik’
8 4p7[ 05 0 Jsts, Lows/B T
S EM, =165 GeWic? =t
£ wr e
g

3

pry

'

157

1 08 06 04 02 ] 02 04 06 08 1
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CDF Run Il Preliminary f £ =59fh"

My = 165 GeV /¢*

t G+ 11
Dy 2 4 CDF Run Il Preiminary [czsaw
WWw 151 = 1= 2 _Fos 1ot High S8 -
W 254 + 3.5 2 Emy =186 Gavic i
77 103 + 15 E " S
Witjets i 20 "
Wy 251 + 43
Total Background 63+ 6O
gy — H B0+ 2.4
WH 1.13 + 018
ZH .439 £ 0,066
VBF 0714 = 013
Total Signal 3 + 2.5
Data 533

EERRE

CDF Run Il Preminary [=saw

8 fostdetowse
S g2l M =165 Gewic®

Hay

1
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CDF Run II Preliminary [ £ =50
My = 165 GeV /c®

tt 169+ 24

DYy BOo o+ 31
ww 336 = 6.1

WZ 68 £+ 1.3

VA 310 =+ 057
Witjets 267 £ 7.5

Wy 44 = 1.2
Total Background 324 + 50

gg — H 26 £ 1.8

WH 250 £ 03

ZH 1.28 £+ 0, 13—
VEBF 1.37 + 0.2
Total Signal TEO+ 20 CDF Run Il Prefiminary .
Data 307

IL:“‘-
£ 05 2+ Jats -
M, = 165 GaVic® =

|

AllZB-2302

Events/0.05
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Adding new channels (2010)

L =
+ o2
5| T2
4+
< | O
Ol 3] m
QS|+
@

§2)
o1 4
+| @
c |+
o =
=N
E-l—l'

tau+jets tautjets
muon+tjets @Q mun::-nﬂets
electron+jets S Iectmn+ e
. HﬁWW’“—:ﬂ-mﬁt@ e H-WW" —lvjj >

And also extend to lower M(ll) DO add the lepton+ jet(s)

, Channels already included
* extend the opposite In the CDF 2009 analysis
sign analysis

* M(ll) < 15 GeV
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e backgrounds very H WW l
different for T samples > >LVTV
™ 11 ‘ — COF Run |1 Praliminary | Lit=591m" COF Run Il Fraliminary ‘[ Ldt=591%"
Mult‘ljet and Z— 1T o ol o b & [ Do
dominate g . Gl =Ho
- ] a . 20 I o
* Control samples allow ¢ | ‘-E ' =i
& o
for cross checks of 7 §'™ 5 =
. . w 1A ol p
kinematic and ID 100 N
variables -
1 44}
— W+jets (et & ur) i -
— Mulijet (e7) o
0 020£06808 1 12141818 3 22 0 0204 06808 1 121416 18 2 2.2
— Z—=1T(1T) r Massitrkén") [GeVic’] 1 Mass{trk+n") [GeVic?]
GOF Run Il Prefiminany J Ldt=58m" CDF Run Il Prefiminary Jra=ssn
100 w .
et ehanne s dala{BOT) ~ ptchannel = dmapgm)
§ mEm_.ﬂmu GEvic’ L E:;T;?“ E m: m, = 160 Geic” R E::JI-:::-“
B I Ored-van el A B Gireil-far
Use BDT < 22 =::” =m1r-1
discriminant - i o =i
501 [ tntal B werar " C [ ol Bl emar
“’? T Sianal x 20
S0 2
; Expect 1. 5 evts Higgs algndl ~700 bdckgmund
(L] T =
3= Y 02 B 0.2 b4 e
BOT auwid
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Explaining Limit Plot

CDF Run Il Preliminary J‘ 1
L=531h
. . I— E E : é .....|—r|'h|\,'| EI d .
Upper cross section limit for 10 o - o ass Bxpeeisd
Higgs production relative to e i - High Mass £ 1o
SM predictiOn ..... : .: ' A :. High Mass + 26

= High Mass Observed

........................................

................................

Median expected limit (dot-
dashed line) and predicted

10/20 (greenfyellow — [ Standard Mg e
bands) excursions from 110 120 130 140 150 160 170 180 190 200
background only pseudo- Higgs Mass (GeV)
experiments
Analysis repeated using different signal templates for
each my between 100 and 200 GeV in 5 GeV steps
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Theory & uncertainties

An(other) important topic & no time to discuss it

—— Fythia, m, = 160 Gay

@ We make use of well-motivated and state of
the art gluon fusion cross-section
calculations and uncertainties &l ——

gg —* H uses NNLL + NNLO calculations 03] el

0 “Next to Next to Leading Log/Order”

de Florian & Grazzini (Phys.Lett.B674:291-294,

2009] 80 100

0 Soft-gluon resummation treatment e
o MSTW2008 Parton Density Function Reweight PYTHIA Higgs kinematics

Anns’;nsiou, Boughezal, Petriello (JHEP:0904:003, to full NNLL calculation
2009

0 Proper treatment of b-quarks at NLO
o Inclusion of two-loop electroweak effects

—— Hgl, m, = 160 GaV

dS/q, [phiGeV]

o For those interested in a detailed explanation of our
choices and comparison with more extreme approaches :

http://tevnphwg.fnal.gov/results /SMHPubWinter2010/ . -
gghtheoryreplies_may2010.html " pWW) [Gevie]

, Consider same variations for
Courtesy of Ben Kilmenster

dominant WW bkc
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SM HIGH MASS HIGGS combination

ecombine all 10 high mass channel:

ecombine all 18 high mass channels

*use bayesian approach *modified frequentist approach witl

eweighted by sensitivity, average log likelihood ratio test statistic
integrated luminosity *weighted by sensitivity, average
500 fb! @ 165 GeV integrated luminosity

*6.10 fb! @ 165 GeV

CDF SM Higgs limit @165 GeV DO SM Higgs limit @165 GeV
0/0,, (0bs) =1.13 0/0¢, (0bs) = 1.03
0/0¢,, (exp) = 1.00 o/ 0y, (exp) = 1.14
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SM HIGH MASS HIGGS combination

ST UL LIFILE[

95% C.L./0y,

COF Aur Il Frelislmary l‘ —

e : 1 ¥ I £ me= Highbies Egeed
-thllﬂu:nl:
! Ithllr—t:u

m— H g h s T rred

i
=

- Standard Model i i
A AT ST IS AT AR A A
10 120 130 140 180 160 1740 180 1@0 200

Higgs Mass (Ge)
COF Aun 1l Preliminary. L=2.3-5.9 b

I 1 1
e H ik 4 i O AT T T T ks
.| LEP o 4. b SRRy
10 Excl. —_— e e —_— EH kR P e
T L] e P  CErE e ]
—_— O O —_— e e
----- i R R sEaas e A R

SR EEETE B R

" R O
- H TN R ke
e Tl

Jdiiy 2k, 3808

100 110 120 130 140 150 160 170 160 190 200
m,, (Geic?)

LLE
=

i i i i i {=pperied

8
3
4
2
0
2
5

Julw 19 20100

00 110 120 1

30 140 150 160 170 180 190

m,, (GeV)

=

95% CL Limit / SM

SM Higgs Combination = Observed
D) Prefiminary, <L>= 610"

July 19, 210
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CDF/D0O Combinations

CDF Run Il Preliminary, <L> = 5.6-5.9 fbo™

E L ‘ L | LI | LI | L | L | L I I I L | L
N WH+ZH+VBF jjbb 4.0 b™! Obs ———  WH:ZH >METbb 571b" Obs |
= =P 0 LEP .. WH+ZH+VBFjjbb 40 b Exp ~  =----~- WH+ZH—METbb 5.7 1b™ Exp
= - Fyel ——— H-o1r231b' Obs ———  WH-olvbb2i571b" Obs —
-1 : : 5 :
CDF Run I Prellmlnary, <L>=5.6-5.9 fb = SM nggs Cumtﬂnauun ~—— Observed
RN "' :== == Expected
L;EP Exclusmn ,,,,,,,,,,,,,,,, ) g Dﬂ}‘rellmmnry,-:l::-:' 6.1 fh‘ f P
: Expected :
Observed O O SO SO O

95% CL Limit/SM

Standzrd Model = 1,0

..Iuly 19, 2010

i l i i I [ L ‘ Lo

IIIIiIIIIiIIIIEIIIIj‘IIIIiIIIIiIIIIiIIIIEIIIIiIIII

100 110 120 130 140 150 160 170 180 190 100 110 120 130 140 150 160 170 180 190 200
m,(GeV/c July 19,2010 m,; (GeV)
m,, (GeV/c?)
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TEVATRON COMBINATION SUMMER 2010

95% CL Limit/SM

ik
—

Low mass sensitivity
approaching LEP exclusion :
At Mu 105 GeV:

Expected Limit 1.24*SM
At Mu 115 GeV:

Expected Limit 1.45*SM

04/09/2010

Tevatron Run 11 Preliminary, <L>=591b"

1 I 1 1 1 I I 1 1 I ) I 1 I I 1 l I I 1 1 | I 1 1 I
LEP Exclusmn . Tevatron
iR S R RO o . Exclusion |
_l. ........ Expected. ............. . ............. .. .............. T e
Q::::::::::::::::::::ﬁ:::Qb:SE:If:\?éﬂ:::::::{:::::::::E::::::::::::E:::'"::..:f;::::::::@::::::
Lo e L #lo Expected ...... e - TR b i
L . :I_%Expected ...... ............. ............ ]

------- {-—————-—-—Tevatron Exclusmn']ulywzqm—

| | | | |

100 110 120 130 140 150 160 170 180 190 200
105 115 mH(GeV/c )
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Expected Limit/SM

Perspectives high/low mass Higgs by end Run Il

CDF Run Il Preliminary, m,,=160 GeV
R s

| I
December 2008

—— Summer2004 —— December2008
: Summer 2005 March 2009
Summer 2007 November 2009

January 2008 July 2010

ected Limit/SM

CDF Run Il Preliminary, m;=115 GeV
s

T T T T

P— Summer 2005 ' December 2008

"""""""""" " Summer 2006 November 2009
| ——  Summer 2007 July2010

. —— January2008 [ ] Projected Improvements

o 2 4 6 8 10 12 _
Integrated Luminosity (fb ™)

10 12 1

0 2 4 6 8 10 12 14

Integrated Luminosity (fb™")

per experiment

Delivered luminosity now ~8.5 fb

Tevatron will deliver ~11 fb! per
experiment by end of 2011
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Finance issues
Scientific motivations

Politics
Si
. : No?

Manpower

J

"l
m Impact on the FNAL future

_."-.._-.. .Fl'.ll. Jl-u.'l. ||r-|1r|:"|: LT

vt I—" @) -ﬁﬁ[}ﬁ END ?31
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Courtesy G. Punzi (PAC Augst 2010)

Wire aging in COT (main drift chamber)

- Since the recovery after adding O,, the gain is steady.
- Example of the many things that are running well

W NTREEN o g
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Prediction for SVX=L0 1. Accumulated radiation damage to

Layer-0 of the SVX may prevent =

us to fully deplete silicon.

® Loss in efficiency - Loss in b-tag -
Lost Higgs efficiency

atmy,=115GeV: 2%
®* ACTION: EVALUATED IMPACT at m. = 135 GeV : < 1%
ON HIGGS SENSITIVITY : ' ’

atm, =160 GeV: ~0%
NO degrad.
20% loss

Overall sensitivity loss

15.4 fb™"

optical transmitters (DOIM) may
prevent reading out some parts of Courtesy G. Punzi

the detector (PAC Augst 2010)
¢ ACTION: STUDIED IN MORE
DETAIL AND PLANNED A FIX

64 om

New amplifier board with more sensitive light receivers has been prepared as
backup => no loss of ladders up to 20 fb-1




July 28, 2010
Dr. Steven Chu

SEETETEI]'_'E.-' of Eﬂ_ﬂl‘g‘? Cc: Dr. Steven E. Koonin,

DOE Under Secretary for Science

U.5. Department of Energy Cc: Dr. William F. Brinkman,
1000 Iﬂdﬂpﬂﬂdﬂﬂfﬂ Ave SW Director. DOE Office of Science
A - Cc: Dr. Dennis Kovar,
r -
W :-lS]]JIlgTUIL_ DC 20585 DOE Associate Director of Science for High
Energy Physics
Dear Dr. Chu Cc: Dr. Joseph L. Dehmer.

NSF Associate Director, Physics Division
Cc: Dr. Pier Oddone,

We are writing to alert you to an urgent and exceptional opRuector, Fermilab . 10V
physics. Given the outstanding current performance of the Tevatron at Fermilab, coupled with
the delays in the Large Hadron Collider at CEREN, extended minning of the Tevatron beyond the
planned shutdown in 2011 offers an unanticipated opportunity for American science. The
Tevatron has the potential to discover new phenomena — most notably the Higgs boson — more
quickly than the LHC, and has unique features that complement LHC expeniments. A premature
shutdown would rob the U.5. program of valuable discovery opportunities.

Running the Tevatron through 2014 could produce the first direct evidence of a Higgs boson, a
remarkable trinmph for US. HEP and one of the most exciting scienfific developments of this
decade. The current plan to shut down the Tevatron at the end of FY11 was formulated some
yvears ago, before the unanticipated delays at the LHC. The Tevatron now has the unique
capacity to detect the expected low mass Higgs boson during the next few years. Even after
LHC expenments find evidence for the Higgs boson, combiming a bottom quark decay signal
from the Tevatron with complementary decay signals from the LHC would help determine the
properties of the Higgs particle, testing if it agrees with the simplest predictions, and furthermore
help confirm the case for the Higgs particle interpretation.
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If there is only one reason to pursue...

2xCDF Preliminary Projection

~20 7
o

et 6
=

P =
w ' 52
= 2
3 43
= 10 %
& 3
>
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If there is only one reason to pursue...

2xCDF Preliminary Projection

;—-2[!' T
o
= 6
=1
= i)
=
3 03
End of 2011: [~ 50
>2.40 expected E 3 %
sensitivity across| = X
mass range E = 2
30 at 115 GeV

k.
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With Projected Improvements m,, {Eewn:""]
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If there is only one reason to pursue...

N.B. 16 fb-1 is the total expected registered luminosity per experiment with 3 more years

of Tevatron run. o o
2XCDF Preliminary Projection

—.20 T
About 16 fb-1(*) [ %5
>30 expected E 6 .
sensitivity from |== =
100-185 GeV | w '3 EZE
40@115GeV | E [
3 4%
End of 2011: [~ 50
>2.40 expected E 3 %
sensitivity across| = X
mass range E = 2
30 at 115 GeV 1
E1III 110 120 130 140 150 1680 170 180 190 200 ’

With Projected Improvements m,, {Eewn:""]
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Tevatron vs LHC: complementarity & competition

1[}1:‘
10° Tevatron (18fb  @2TeV) vs LHC [Hb_l'&?Te?}
- b r+z
g 10°k——=
o ‘ -
.
= 'E
L 10
@ W tt
g 10° wz P ;
= = —a H120 —p -
& 10'k - = HaopHs) i o
g _E IR WH & — T
G 10 S — 1 P —
T 1 - =
o Similar size electroweak |- -
% 10"k samples (top, W, Z) for | =
. L{LHC)=1fb? = e
10" |{Tevatron) = 16 fb™
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2¢ Fermilab Toda

September 15t 2010

Director's Corner

Last Friday we had a special meeting of the Physics Advisory Committee to address
just one question: whether to recommend a proposed three-year extension of the
Tevatron run. The Tevatron is now scheduled to close in September 2011.

The PAC's recommendation was very strong. They recommended that we run the
Tevatron in each of two proposed scenarios, one with additional funding in Fermilab's
budget for Tevatron operations and one with no such extra funding. The committee's
recommendation recognizes the extraordinary performance of the Tevatron and its
remaining promise for the future. Extended running, combined with the predicted
improvement in data analysis, would allow the Tevatron to make critical contributions
to the discovery of the Higgs boson and our understanding of electroweak symmetry
breaking. The combined potential of the Tevatron extension and early LHC running
would constitute the optimal campaign to solve the central issue of particle physics.
Many eminent members of the U.S. particle physics community have written to
Secretary of Energy Steven Chu to express their support for more Tevatron running.
The extension also motivates the collaborations to retain physicists and add
new ones to carry out this program.
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Backup slides
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AFB (TOP): backup

» Proton antiproton initial state is charge

asymmetric, but strong interaction is nol ¢ Q
sensitive to the charge: >"o"a"-j‘n"n‘ G..ﬂ..<'—”ﬁ—f }Jmmm <
q 0
(a)

- LO: kinematic distributions in
production are charge symmetric (b)

- NLO 22, LO 2—-3: expect (5—10)%

asymmetry (higher order corrections are —— OO0 00 p—— N %
small) ~ )’ﬁ'ﬁ'ﬂ'ﬁ'ﬂ'ﬁ'ﬂ/
- NLO 2—-3: reduce expected asymmetry L 0000000 \\

significantly = strong dependence from

phase space region (c) (d)

. . See e.g.:
* SMasymmetry is small, so asymmetry is . ) 1 kuhn and G. Rodrigo, Phys. Rev. D
a sensitive variable to test the new g‘fff?ﬁml? Hﬁ??}K r 4 G Rodr
. . . . JANUNano, |, N kunn an LA0Arigo,
physics contribution. Phys. Rev. D 77, (2008)

» A charge asymmetry can be observed as
forward-backward asymmetry defined as
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TOP A g at Tevatron: motivation

» In QCD Leading Order, top production is symmetric.

» In NLO the soft Coulomb field of an incoming light quark repels the quark top to
larger rapidity, while attracting the antitop quark to smaller rapidities, creating
a positive asymmetry at large rapidity, as defined by the quark direction.

The MCFM NLO parton level MC (K. Ellis et al.) predicts:
A,,=0.038+0.006 and A, . =0.058+0.009

The QCD terms responsible for the QCD asymmetry are proportional to the 3
of the top/antitop quarks in the center of mass, so the asymmetry increases
W|th the rap|d|ty Sepal’a'[ion Of the tWO quarkSZ MLO Awnn'ne:l':.-' Predician fram FCFM

o=

MCFM predicts a linear rise of Afb from: >
0.05 at |Ay|=0.5 up to 0.23 at |Ay|=2.5. '

e

q-' a3

A number of models BSM predicts much higher asymmetries ex: Z’, extra dimension
Etc..

Importance of A at Tevatron: dominated by qqgbar process
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TOP Forward-Backward Asymmetry

Compare the number of top and antitop produced with momentum in a given direction:

N,(p)-N,(7)
4 )+

"N, (p)+N,(p)

Top (antitop) moving against or in the same direction in the
Lab or the ttbar rest frames

B = Ni(cos(0) >

up guark
el

Ni(cos(f) > 0) — N(cos(f) < 0)
0) + Ni(cos(6

) <0)

Choose to express it with 8 the angle between the
Top momentum and the p beam direction.

Use lepton +jet to distinguish between the Top

and the Antitop signature in the same event

Use the hadronic side to |y
.1 =" had
measure top rapidity.
,*'mp quark 000 //’// i 1 1--'Ir=-rp|| thad
: - Tag top vs tbar al+] ¢ 7
*‘;““:‘r‘:f". w- with lepton charge. . F f
r‘rr‘,---""-'," L
; Variables => calculate A
ti-bottoam guark P 3 S S
et 4 _ |Inclusive: -QY, =Y., =Y qtitof

Rapidity-dependent:

QY oY pag)=QAY= Y, -Y

fop " antitop

N.B.The new results from CDF, with 5.3fb" data distinguishes between top & anti-t Afo
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ALL NEW RESULTS: Apldy,)

— . 24 2__CDF Il Preliminary Data Afb
‘ Reconstructed Top Rapidity Difference - single tagged { & L=53fb! Eal!?_all(gndl g;g
T T T | —— T T T -leve
g 350 }CDF 1 Plre"minary | "'E_)atLa A[F;ala =0.058+0.032 : M%Fol'\q Plyediction

L;;,j F o L=53M0" -lé;gBkg Ag®=-0.012+0.0029 1—

3001 | ir;’kg __D[;;::fsss;j - 0.021- 0.031 0.208 — 0.062

- + e 0 8_— 0.029 — 0.040 0.291 — 0.090

250 7 "“L 0.026-0.104 0.611 - 0.209

. ] - 0.039 - 0.006 0.123-0.018

200__ ] 06_ -
150 - ; - i
: . 0.41"
100 — _
- 0.2
3 o_’_
qu:yt-yf _IIIIIIII|IIII|IIII|IIII|IIII
0 0.5 1 1.5 2 2.5 3
A g (ppbar) = 0.150 £ 0.050stat + 0.024syst qay =y, -y,
A (ttbar) = 0.158 + 0.072stat + 0.017syst
ra (ttoar) For |Ay|<1.0, A_gttbar=

- |l Top pairs D@ Run Il Preliminary

: L=431b" = 0.026 + 0.104stat + 0.055syst
For |Ay|>1.0 Agttbar=
=0.611 £ 0.210stat £ 0.141syst

Events

200

Results from DO

A;l,’f = 8 4+ 4(stat) +

50

Currently about 2.70 dev./SM
More data needed!!

Ay
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