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The ATLAS detector O,

muon detectors (|n|<2.7)
measure directions and
momenta of muons

maghnets T
provide bending fields for
tracker and muon system

juon Delectors R ile Calorimeter Liquid Argon Calorimed
P, b |

/ ‘ '
Torcid Magnets 3Solencid Magnetl SCT Tracker Pixel Deteciipr TRT Trocker

Ld ‘
Inner detectors (|n|<2.4) electromagnetic (EM)
measure directions and calorimeter
momenta of charged particles absorb and measure the
e primary/secondary vertices energies of electrons, photons

e B/D mesons ~ 0.5/0.3mm
e op/p~ 3-5%
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Triggers for B Physics ©,

R 200 H:
R -3 e
TR 75 v+

e At LHC design energy, ~ 1% of collisions contain bb pair P— @I —p
* BPhysics recording bandwidth limited, 5—10% of ATLAS total trigger resources
* BPhysics triggers — highly selective

* LHC is designed with a maximum bunch crossing at 40MHz
e ATLAS trigger designed to record events at ~200Hz"
e Reduction factor ~10°3

ATLAS di-muon B Physics triggers higher energy/L'™t — harsher pile up conditions
L T ' - | | |

| | | | | | | |

TR PRI E AR SR 7 I v .
107 e 2wt otn ATLAS Preliminary 2OF ATLAS Oniine Luminosity
va ; EF:Znu:J;mum 1 8

s 2010 pp \s = 7 TeV
w2011 pp Vs = 7 TeV
w— 2012 pp \'s = 8 TeV

-l
D

—_
o
III]]IIIIlI]IlIIIIIIIII]IIIIIIIIIII]I

P EF _2med_Upsimumy

- EF_mudmub_Jpsimumy \r(1s)

B EF_mudmus_Bmumy Y (23)
EF_mudmub_Upsimumu

—feigepo Y(38)

Entries / 50 MeV

-h
N

Delivered Luminosity [fb
r

lllllllllllllllllllllllllllllllllllllllll

p—
-

O N A O @
>

X} o\ ot
My, [GeV] Month in Year
* Numbers from “Performance of the ATLAS Trigger System in 2010” , arXiv:1110.1530

T Numbers form “Perspectives on LHC Physics”, 1sBN: 978-981-277-975-5

Saturday, September 15, 2012


http://arxiv.org/abs/1110.1530
http://arxiv.org/abs/1110.1530

B physics experimental points e

bb pair production

L1 trigger on lepton
from B decays

/ABJ\“\ x <
hadronization 7 flavor tagging

B meson pairs

' example

significant lifetime

signal sighal

- reconstruct decay of interest and study e.g. inv. mass, lifetime, polarization of particles

background P

- fake signals, e.g. BY—= TT*TT- misconstructed B®— K*TT- (~correct mass/width)

- combinatoric bgr, e.g. J/P— U*U- and another Y (compatible but from other vtx) L_}

- interaction with detector material (photons—ee*, h—inelastic collisions) m
- misconstructed tracks/misconstructed vertices

bgr

m

* cross section of b production quite small part of total cross section

. : : : n deal with small signal
* some interesting B physics processes with Br ~ 10-¢ }ofte we deal with small signals

finding the needle in a haystack, key points

B, r_\ @G== b, c hadrons long lifetimes allow b,c physics to be extracted from bgr
R . .

— o @== improved vertex resolution reduces background sources

—
P.V. \\
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Open Charm/Beauty and Baryons

- ‘open’: ¢(b) quark with another not cbar(bbar) quark (distinguish from quarkonia)
- compare with previous measurements and test validity of QCD calculations

Observations of D, B*, B%, B, N\, B*.

( ATLAS-CONF-2010-034, ATLAS-CONF-2010-098, ATLAS-CONF-2010-050,
ATLAS-CONF-2011-124, ATLAS-CONF-2011-092, ATLAS-CONF-2012-028 )

Differential and Integrated cross sections D*,D" (atas-conr-2011017)
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= Combined fit
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s e o
Pseudo-proper Time [ps]

= detector’s performance as expected

> 400
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Candidates / 15 MeV
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N\b mass: best single
experiment measurement
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Charmonium O,

== _ |[\p observed in1974.
¥ - Still no clear understanding of quarkonium production
mechanisms which explain both cross section and spin alignment.

> quarkonium studies: insight into QCD

x10°
300

: ATLAS Preliminary * Data 2011
Observation of |/, P(2s) g - oadgond

200

. -.- 3 .-~. ._/

, : TN ( ATLAS-CONF-2010-045 )
S.Ting and his research team 1974

N,, = (2.208 + 0.002) x 10
m,,= 3.094 + 0.003 GeV

150.:_ O, =60+ 1 MeV

100

Di-muon Candidates / (0.01 GeV)

sof
Differential cross section inclusive prompt/non prompt :

(Nucl. Phys. B, Vol. 850, issue 3, 27/09/2011 pp. 387-444) b
(Vi SRS PRELET (ear SR ERE EER
n - Al Total
. (L dts = 273Tet¥ Vg I Bgc'tgfound Component
ln . - & p N TR S'WNO""ProtnplCom "

T seeenes Signal Prompt Component

- t —
non- promp \S{O_

prompt \‘\%\.‘L
> B
L .

pseudo-proper time [ps]
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Charmonium

. . R - Seeiis e e =Y AR

Number of /(P corrected for kinematic acceptance whichg os- - Z20570, /2™ -
. . . c 0BF  corves1.96Tov, Iy, 106 ]

depends on J/Y spin alignment (not known in LHC) % 07 Easrinetgman smetrs -

T . . 2 06k
- 5 spin alignment scenarios considered g 05k

£ ook £
- extreme cases for acceptance corrections 4 gi_ amas Phg “
- spin-alignment envelope 'g A s @19* E
oy 0.2?— wéw -
= Non prompt/Prompt fraction o e T
results compared with CDF (lower energy) ) ‘ e
s 1 - . . .
reasonable agreement 3 . O re ooy ts
. . o o (A eV Il Spin-alignment envelope
— fraction independent of collision energy g f e, dEowesi
o 10" iy
L .
: §° 10°¢ e
= [Non prompt cross section % 10°F arae -
‘o V=7 TeV
- FONLL shape: v scale: v L0 faveew
2 108 ——— ,110 p:v [G.ev]
= Prompt cross section $ 10 AR TSy, 1S
.;. 1 Spm-augnmmmopo
- CEM shape: X scale: ~v - 308 416 oo g
g\’ 033 NNLO* Colour Singlet
- CSM(NLO)  shape:~Y scale: X o
- COM(NNLO) shape:~v¥ scale:~v il e
I - s 7 TeV “".-. i . ) o7say, 15
§10’5- fLm-z.zpo" Sy Jﬁ/

*Fixed-Order Next-to-Leading Log IR P GeV]
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Bottomonium (72

CDF Preliminary, 2.9 fb"
W . . o  BaTin
5 anaspemnay —== | = No conclusive coherent theoretical o] |
é LNE=7Tv |Lat-0240" ... P : : A ..“" _ . ‘ ’
40 Ja-o2” - e icture for Y hadroproduction e
-~ + Barrel + Barrel | 82 3= : ,_?_‘
g - - CDF DO disagree concerning 0AEh bt ]
- ' Yis,25,35 . o 06T -
20 Y spin alignment 08
* ) ) e T | R T T
| M., > LHC experiments shed light on puzzle sl
: f \‘. 1 S‘ -llv'l|111I"|'I."layé"|llvvll
m,, (GeV] ( Phys. Lett. B705, 9-27 (2011) arXiv:1106.5325 ) % + [ csm NL'O -
. . - | -+-L (direct only)
Y(Is) measurement production cross section T .
T e 5
- Measurement within ATLAS fiducial volume - factors out spin @ | - —_— ]
alignment uncertainty A T | 3
m F 12<ly <24 .
= Y(IS) cross section | "“<2'5'I"*"‘G°V )
Q E\'-B‘?TTV-Ld"tl‘?p‘b:‘l““l“‘.ll“‘;
- CSM(NLO) X S 0 5 10 15 20 25 30

- NRQCD ~v pI' [GeV]

u g g: 'ATLASI . t;m:\'ush' — FnlboYuS)y '
. Y l '2s g 1805_ Ldt= 4.4 fb-‘ s Data:Y(2S)y —— Fitto Y(2S)y
New Xp state observation, Xp(3P) (290 2 1o A ..... —
( Phys. Rev. Lett. arXiv:1112:5154 ) X6 (nP) § 140;— Ty
- state reconstructed through radiative decays R ok A s e 2
= first LHC new structure ! i - R
= found at 10.5GeV with significance > 60 ] 4
0% :

= consistent with theoretical predictions 56 98 100 102 104 106 108

muuy) - m(u'w) +m  [GeV]
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B pUTU"

* Br(Bs = U*H) highly suppressed, SM (FCNC)

* SM contributions from W-box, Z-penguin diagrams
e small theoretical uncertainties

* clear experimental signature

* measurement sensitive to NP

theoretical

decay channel

expectations
Bs & UM (3.2+/-0.2) x10-?

S (1.14/-0.1) x10-10

* NP models with extended Higgs sector enhance the branching ratio

Buras arXibv:1009.1303

e.g. of SUSY models with few free parameters give

B(B? = ptp~)omssm

B(BY = p*p~)sm

~~ ] 67

+0.8
-0.2

B(BS — pTu” ) NuEMI

B(B? = ptp~)sm

AR o

Search for rare decay Bs = U™~ with ATLAS detector

( Phys.Lett. B713 (2012) 387 )

i

| ATLAS 201 | data: 2.4fb' |

W T
=
= vy U
W The
i
+
- W
W
Z P
r u
W
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Bs— UM~ Analysis Strategy

resolution degradation —

—_— . 0 —.10'1-0-’ . 5'10.‘ .............
.%\ § 10 3 | v ! 3
E ¢ £ £
F.G. Dunnington 1933, ‘9 -§ : | § 1 . g . / .". :
blind analysis ratio e/m >_ 5 i . f 4 ',u' WS N—— : ’fl ".\ :
S e AL 1T
LR O /. i | | l
. . A (“ 2 &10 . 1 12 % 9 10. 1" 12 s 9 10 . 1 12
° . . ° v, M) [GeV] w. M) [GeV] v, M) [GeV)
small signal, blind analysis R - —

* sample split in 3 categories o
e reference channel = minimization of systematic uncertainty A,¢ B = J/y K’
* need of high separation power:|4 separation variables, multivariate BDT analysis

Enhanced isolation

definition @"/

classifier response

. . T . aL ATLAS Prelimina
isolation-PV multiplicity: linear! S .0 i
B. 1:' LN L L B L Y LB B LI B | IE } : 080 J'Ldt=2‘4fb E:?TBV
& 0.9F £ N wr o O e
2 &b 3 new definition S 6 O  —— BowwMC
o - 1 [4}]
— :_ r —.._____.__--.-____.___..___._._..I..._.___. & _.\‘ _: -n ; 8 o
3 0.7} N 3 / g ‘
& o6 e 3 °
= g . ] - -
S 050 ATLAS | [l °
§7] * for approval N - %ﬁ? o]
0.4} . Vs=7TeV | SE °
0.3f "~ J'Lut=2.4fn" E . Er °
02 ‘ _E/old definition St
0.1- I O oA 53 08 0T 0T B4 05
%1 L Jél L 141'1 L Jél L |8|J 1 1110| 1 I.1.|2I 1l BDTOUTDU‘

number of primary vertices
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B U"U- Measurements

signal

\\-) NBs-'uu /OB Br(B — uu aBs-’Mu ‘c’g”—-uu

- r =

f) NB*»J/apK* _:i "0y Br(B’ _>J/1'UK: _>“‘uK ) ag J/wK’.gl’::—».l/wK’J

reference

'PDGHKCH; Bs,Breleeldj acceptance/eff' iciency
s - (data) ratio (MC)

~@- Data ATLAS —~@- Data

2
=
Preliminary %
2
w

Preliminary ; }
{8 =T TeV 3

Preliminary
{5 =7 TeV

s By MC (10x) e B MC (102)

V8 =7 TeV
Ldt=24 "

[T R A% A% |
£ Range Stat. Syst. %

$ 010 0274 3.1 3.1
[ 1.0-1.5 0202 48 55
§ 1.5-25 0143 53 59 %

s [Fit
— B*—K* Jiy signal
— (Combinatorial Background

R e S L . PRI P

—— B Jiy '’ background

24« observed in SR 2/1/0 ev.
l e continuum bgr 6.lev.
w=l o resonant bgr 0.24 ev.
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Bs— U~ Extraction of Limit

d il e - 20 ————T———— —————————r— =
[ expecieacla: 10 ® s %
-Iu-1,__ . Dwm:nu /'\ IS b MSSM-L B 0
E ;:1 l! 3 ¥
3 é 9 B =
ATLAS 1 T <
- Vs=7TeV I /
h 1 5
- ILdt=z-“b BR(Bs=>UH) X @b
10°% .8 e 05 \h’P‘
: <2.2X10 3 s
C @ 959% Cls MSSM-AC
P I S R N I 00 | e e e e B T R N e D e Y I e R
0 1 2 ' 4 ' 2?’ 20 40 50

'
~~_BR(B,-p"n)[107]

— 10 BR(B;s — u*u~)
I

iﬁ B(Bs— p*p) < 2.2 X108 @95%CL |

Search for rare decay Bs = UM with ATLAS, CMS, LHCb

( ATLAS-CONF-2012-061 )

bkg only | SM + bkg | Observed
CL. | 90% 95% | 90% 95% | 90% 95%
BB ptp) (109 | 1.9 23 | 54 6.1 | 3.7 4.2

—

B(Bemptp) < 4.2

!
|

= combined ATLAS, CMS, LHCDb limit: best existing limit
= No significant NP enhancement with respect to SM
= Still room for NP can be probed with higher L't
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B:— )/ O,

/._Cabbibo’s angle
d sl 8
: . . cosf sind,
Weak interactions not respect quark generations uJ{ u;.\/ X g
W+ W+

In SM the mass D'=(d,s,b) and the flavor D’T =(d’,s’,b’) eigenstate bases are
misalighed. Corrected by the Vckm matrix

d Vig W W paaiy d
g |=] Vea Ves Vb s | =Vekm | s
v Via Vis Vi b b

3 ‘generalized cabbibo angles’|012(023(03
| complex phase 0 |

K_,.single source CP

violation within SM

vectors phase redefinition > reduction {

Standard Wolfenstein
—id ;- 112 - 1):‘ A+ 007 A\ (o —in)
R C12C13 : 512C13 - S513€ . g 8 1 1
Vam = | =512€23 — €12523513€%  €12C23 — S12523513€°  S23€13 V=]-A+ 5"2"5[‘ =2(e+im] 1~ 512 = gﬁ(‘ +4A%) A+ 005
i8 i
$12523 — C12€23513€’ —523C12 — 512€23513€ C23C13 A1 -3 —i7) —AX? + %A)j[l -2 +in)] 1- %AZ;j
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Bs—)/Yo

Vckm unitary since it relates two orthonormal bases of a 3-D space

Unitarity leads to 12 relations
e.8. Vus V*ub + Vs V*cb + Vs v*tb =0

»

= = A%
. . 2 (p’n) ts * th
represents triangle in complex plane V.V, i vV
s > § Vcsvob r__r S
A)
Bi=F }f< 0,0) 4 (1,0)
b <« < c . ’
V,=-|V |e"
Ves t,c,u b
_ &) > —p > > c . .
B —>B —f W{ - ‘%\<C CP asymmetry is dominated by CP
=3 § . . . .
b —e gt - s violation in interference between
» Ly L Ls . . o o
(mu,c<<m;) only top sector contributes significantly CIGC&)’S with and without MIXINg
| ©:=-2B;
The mass eigenstates Bs,BL deviate from the CP eigenstates as described in SM by the mixing phase s
untagged \___, e =1 ] Final states can be statistically
L =0,2CPeven separated by defining their
‘ _} > final state< P | z . &
‘ — L =1 CP odd angular con |gurz}t|on
‘ (transversity basis)

> theory: precise values for @, = 0.036£0.002crares ecat.20071 Als = 0.087£0.02 | fren and Niersee 2011
> new physics may contribute to (s
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s )PP

. the fit

( arXiv:1208.0572v1l )

Time-dependent angular analysis of the Bs— |/ and extraction of s, Al

parameters of Bs— /P extracted from unbinned maximum likelihood fit

signal fraction

trig. eff. B® background
\ fraction
{wz -In(f; - ]: (mz,tz,ﬂ WA+ fs - fo 1 Fgo(mi,ti, i)t
=1 ‘Z & '
signal PDF background PDF
pro]ectlon |n ‘mass brojection in lifetime
3 20008 TS @ =L b 1
i 1000F A28 P :‘:'; 13w e 3
; 16(!) Jla “on’ m.éj«vaﬂaocuawxy B :cc :-?a;ﬁmmm 1
514005 4 8 40 _ -+ Prompt J'y Background ]
S 1200- 22700 Bs/Bsevts | A\ }rgf;;:;m«v ]
;_ - ¥ N Lat=408" ]
1000 10° ??”.\. \ B
:nE ) e “‘ ! §
10k ' " ‘—!‘

(fadata)yo

(Ssdstayo

52

825

§3 535 54 545 55 5855 56 565

constrain of O, to recent
LHCb measurement

BO— /K, BO= /KT

y Mo nw

o
—
"

8, Mass [GeV)

2
(7

|
=3
£
- =

12

8 10
B, Proper Decay Time [ps)

& background PDF

projection in transversity angles

4000 = ATLAS Data ATLAS ;
- Fitted Signal fs=7Tev. :

3500 ....... Fitted Background f Lat=42M r
— Total Fit _:

Events / (/10 rad)

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

5317 GeV < M(B’) <5417 GeV

4
NI W DWW W ETE P .

-2 -1 0 1 2 3
[rad]
used to measure the

absolute values of the

(1 — fo - (14 £50)) Foicg(mis £, %))} + InP(3.)

3 0o e ]
o Fand Son e
35001 .- Femg Rachgrons I'\a.u» 7
— Sl FR
3000} :
2500
2000} :
1500 s,
1000f agaassappanse T
S00F 5317 Gev < B ) < 5417 GV
A A 'S s A s
0 080604020 02040608
enadft A
; 4000-—Y-Aius'o¢..' : ATLAS LR
S= Fows Sgre e?rev
§3GW", Fewe Bachground f.a.ut' 1
> — Sl
@ 3000
2500} :
2000
L e e
500 5317 GaW < B | <5417 GV

1

S 080604020 02040608 1
codly )

transversity amplitudes Ao A A|| As
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B;— /W , the results

contours in Ps-Al s plane

";_—' 8 - l I I 1 ) l ) ) 1 |} I | I 1 1 l I 1 1] 1 l L] 1 1 1 ' 1 1 L 1 l
@ = ¢ Standard Model
S 0358 T e ] oo 8!
~ 03k )/ e O] coF 10M”
0055/ . ] LHCb 03fb"
SE [ b 1!
02¢ -~ >
=g — 68% CL
0.152 * """ 95% CL
=
0.1k
E b - .~~
0-05 :_ " r’u e -~ ~~s
: e N .-:.=A =L
Ve Rl 25 e - .
0.05F- ~——ATLAS491Mb68%C.L.  §)constiaied lo 2.95+ 0.39 rad
"MME ==rATLAS4.97,90%C.L. | Al;constrainedip > 0
-0 1_1 1 1 1 L l L L 1 L l 1 L 1 1 l 1 1 1 1 I 1 1 1 lAl 1 1 1 1

5 A 05 0 0.5 1 15
¢j“"° [rad]

= ps within |10 of the expected SM value
= consistency with other experiments
= big effect from NP ruled out

0.15

0.1

0.05

68% CL boundaries

fTI]IIlI]VTII[

=
-

=

-

- C0

- =

e e Lo s el 4 J
13

-
1.35 14 145 15 1.55 16 1.65 1.7
( ATL-COM-PHYS-2012-1303 ) ~ 1[[" [ps]

plane where the
measurement is
most precise
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Conclusions

-® ATLAS BPhysics program is very successful!
- data taking with good signal collection efficiencies
- benchmark channels well assessed

-®'New frontiers explored
- Xb(3P) discovery, first new particle at LHC
- rare B decays
- (s from Bs— )/ decay

+®-Stay tuned
- improvements/updates in pipeline
- still a lot of useful information in tape
Bs— UMM e.g. use all data, add muon spectrometer information
Bs— /Y e.g. use all data, add flavor tagging
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Backup slides
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B U"U"

® minimise systematic uncertainty in A,€
* picked among modes abundant enough: not statistically limiting factor in the extraction of limit

signal

\\¥ fot A
NB - 1 / B’ (B _>Al'll’l) aB - 1 EB —> 1
- = e N pep——— - = . . . z
: E— —_— . lot
f A [ ;,m - Br (B J/lpK uuK ) aB gkt Ept skt |

reference

Tor

Ny, . A, rruvs” Epxstiurs
ﬁBI‘(vBS—{u‘Ll.):Br(B* —>J/1/}K* —>,uqut)f"x Bs —uu o | B>t IVK B* —J/yK

1ot
fs B*—J/yK* aB = 1 £B —>

Q data from PDG and recent measurements of LHCb
* Br(B* —=J/YK*)=(601+021)10

o Ju_ 0.267 £0.021 (difference in b-quark fragmentation probabilities)

/s

Q Yield for the signal channel of Bs and reference channel Bref
e Data

Ratio of geometrical acceptance and efficiencies
e MC
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Quarkonium polarization

The quarkonium polarization is measured via the angular distribution of its
decay products

dN/dQ o [ 1 + A, cos?(0)
+ A, sin%(0) cos(2¢)
+ Ay, sin(26) cos() 1/ (1+A,/3)

e(total) = ¢(trig|id) - e(id|track) - ¢(track|accepted)

= Acceptance depends on production polarization
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CSM - COM

- ->=-"a,

-

. Perturbative
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B decay example

Image Caption: The latest results from the BaBar experiment may suggest a surplus over Standard Model predictions of a type of particle decay
called "B to D-star-tau-nu.” In this conceptual art, an electron and positron collide, resulting in 2 B meson (not shown) and an antimatter B-bar
meson, which then decays into a D meson and a tau lepton as well as a smaller antineutnino. Image by Greg Stewart, SLAC National Accelerator
Laboratory
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