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Where is the SM Higgs Boson ?

LEP direct search: m, > 114.4 GeV

A~

EW fit favors m, < 163 GeV

6 March 2009 / /ml_rm/=163 GeV

(5) V
5~ 5 1 Al = 1

% | —D0.02758+0.00035

% % - D.02749£0.00012
4 =+ incl. low Q? data -
3 — =}
2 ~ =
1 - -
0 Excluded N S Preliminary

30 100 300

m, [GeV]

95% CL Limit/S

Tevatron Run Il Preliminary, L=0.9-4.2 fb’

Ill!llllllllIIIIIIIII|l||lIlllIIlIlIl!llIIllIl
DOOOAARXAX [l.,jﬂti,_ilf%___%jg.«:l ﬂ] i . Tevatro

-é---- Expected i
10 _-—Observed ............ —_—

1 i ]
T R TR DR TN A T e X s T
100 110 120 130 140 150 160 170 180 190 200

mH(GeVlc)

Recent CDF+DO direct search combination (4 fb1)
excludes range 160 - 170 GeV




How would the SM Higgs boson be produced ?

mr%‘o‘m—‘t—
HO

t __________
2QU0VQ0NAQ .
g t

associated production (ttbar)

:I | ] YL ¢ I | (R ST P | | L K B | E L E L I | T | | | W | | I | ! | i (- | I LI I:
X c(pp —»H+X) G
3 - 310’
10 |7 iy ) mt:17SGeV _5’106
= A CTEQ4M i
1T N, s 410°
]0‘1 :— T : 104
E S~ 99 —=HW :
1072 ;_ \.:&‘:“ll-‘—f:\ _; 10°
; T, 90T
1073 = M.Spiraetal. gg,qg—sHbb e g i:\::h:::;"“; 107
E moao e ey
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0 400 600 800 1000
My, (GeV)
Typical uncertainlties on total cross-sections
ag 10% NNnLO
VBF 5% NLO
WH, ZH 5% NNLO
ttH 15% NLO

events for 10° pb-1



BR(H)

How would the Higgs boson decay?

e
.........................

I'(H) [GeV]

D_D_2061c

LA

1 L1 1 1 1 1 1 1 1 1
50 100 200 500 1000
My [GeV]

11 111 III
|
n

Width << detector resolution

P2
50 100 200 500 1000
My [GeV] bb - my, < 130 GeV
yy = my < 140 GeV
— Tt = my < 150 GeV
I WW - 2m,, < my < 2m,

ZZ - my > 130 GeV



Discovery & exclusion

19000
N: Number of selected events é peak width due to detector
Ns: Number of background events>| S=(N-Ng)/vNs ¢  resolution oy (Iy<<0y)
VNs: Uncertainty on background < y
~ (T

To maximize S

Increase £ (S~V¥) XYY

Improve mass resolution om (S~1/Vowm) 12008

Increase signal efficiency, background m

rejection - W

§// Tevatron Run Il Preliminary, L=0.9-4.2 fb™
[ IEPExclusion; || Teyatrgn..]

if S>5 (probability for a stat. fluctuation ol o g Srflusion |

< 107) = Discovery

95% CL Limit/S

Otherwise, set an upper limit on Higgs

boson cross-section

1 F 5
- SM

[ R AR

I

3 It i o WO

100 110 120 130 140 150 160 170 180 190 200
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A signal emerging with time

JLdt = 0.1 fb!
£ - BN BPADARE
“Pseudo—Data”%g J ==l
T 7
8 30 :
E |background
N1
20

15

d 1

110 115 120 125 130 135 140
M(yy) (GeV/c?)

= Expected Events:
. Nhiggs~2’ Nbackground=96 +/- 9.8
= S/\B=0.2

= No sensitivity to signal

From B. Heinemann




A signal emerging with time...

160
110 115 120 125 130 135 140

= Expected Events:
. Nhiggs~25’ Nbackgroundm960 +/- 30
= S/\B=0.8

= Still no sensitivity to signal



There it is!
[Ldt =30 fb1.

IIIIIIIIIIII T ll]llllllll

Ldt=30fb"

85005
8000 -
7500 ——
7000 -

6500
6000
5500
5000

110 115 120 125 130 135 140
= Expected Events:
* Nhiggs~700, N
= S/NB=4.1
= Got it!!!

=28700 +/- 170

background



Reminder: small cross-section

Fermilab SSC

CERN l L-*lIC l
hJ ¥
1 I I [ :

L O o E710 B 1 Total inelastic cross-section: o~ 100 mb
| UA4/S : |
1 mb— oh l i 4107
CDE . bb production cross-section: o~ 100 mb
UA1 I -
B 4 1 107 1,
' .
Tub— O et / : /_' 5
% W (2lv) production cross-section: o ~ 10 nb

Events /s for 4!

O (proton - proton)
|
_I n
2
[\
>
III
|
II
I|
I
S
W

1 nb

|

Higgs (my=150 GeV) cross-section: o ~ 10 pb

1pb —

Total o / Higgs o > 1010

g.001 0.01 01 1.0 10 100






H—vyy: The Signature \

—_— - §)
My 2| E, E, tan(a/2) s
eThe difficulties: ’

eHigh background q
eirreducible (2 y in final state) l q
ereducible (n°, jets) in final state 5 " | 2
eVertex is not known: pile-up & beam spot 5.6 cm long W\MP

edevelop techniques to reconstruct it from the calorimeter

euse high pT track to select the high Q? interaction
vertex

ePhotons convert in the tracking detector

11



H—vyy : Mass Resolution

e Photon conversions in the tracking detector

e A good mass resolution is needed

v" Need vertex reconstruction! If vertex unknown, add ~1.4 GeV to mass resolutior

v' Example (ATLAS):

e Calorimeter pointing in ATLAS gives vertex resolution of 1.7 cm, while oy, = 5.6 cm
e Large amount of material in the Inner Detector in front of EM calorimeter = conversions!

—_
N

LB | Id & B5 ] MRS LI
| | | I

?2'5.'""'"“""']"YY""YI'YY']"Y'I'Y"IY','I"'
Z - B services

e , EBTRT

3 mscT

< W rixel

-.s [C1Beam-pipe

°

©

o

llllllllljllllllll

ﬂ400 T T

52200 ATLAS
22000~
'}3‘800 - At least 1 converted y
<1600[

1400

1200F

1000E-

""]"VY-_

Mean=(119.72:0.01) GeV>
0=(142:0.01)GeV 3

M., [GeV]
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H—-vyy (10 fb1): splitting the final states
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: VBF + gg production
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F 008 | 3 e
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: el
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Aasad s I ETEEE FEEEE SRS .
125 130 135 140 145 150

M, (GeV)

YY + 2 jets
S/B ~ 0.4
VBF + gg production

A Em e e

B
D Ireductie Shg
D Reducitie beg

P T8 120

L 1 e | | A ol -
125 130 135 140 145 150 P01
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125 130 135 140 145 150

M, [GoV]

YY+ErMiss+1lepton
S/B ~ 2

ttH, WH

W+E.|.miss
S/B ~ 2
ZH, WH
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do/d|cosé*| [fb/0.025]

[fb/1.5 GeV]

TH

do/dp

Discriminating variables

45 :I TTT I LI I LI I TTTT I LI I LI I TTTT I TTTT I LI I LI
s 1 ATLAS
T T L Tt
30F JooA
25 ;— ‘ N
20
152_ —e— H—>yy, 0 jets category (dots: MC, line: PDF) %%
E  —e— H—vy, 1 jet category (dots: MC, line: PDF) +
10F —— H-7v, 2 jets category (dots: MC, line: PDF) 3
= S = SESCN TIPS e R
00 01 02 03 04 05 0.6 0.7 0.8 09 1
|coso*|
0-7__I T T I T T T I T T T I T T T I T T T I T T T I T T T I I__
- ATLAS 1
0'6:_ —e— H—vy, 0 jets category (dots: MC, line: PDF) B
0 51 —e— H—vy, 1 jet category (dots: MC, line: PDF) =
~E —— H-yy, 2 jets category (dots: MC, line: PDF) ]
0.4F -
0.3 3
0.2 -
0.1 bk e 3

o= 20" %0 80 100 120 140

[GeV]

do/d|cos6*| [pb/0.01]

[fo/2 GeV]
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Optimizing the description of the data:
regions in the detector of constant resolution

OIERRA
1.79 GeV

(7) [3.4%]
3.18 GeV

(4) [10.4%)
1.92 GeV

(3) [12.4%]
2.06 GeV

1.92 GeV

(8) [2.8%] (6) [24.3%]
1.38 GeV 2.17 GeV

(7) [3-4%]
3.18 GeV

(4) [8.7%]
2.19 GeV

(6) [15.1%]

1.79 GeV

(3) [10.2%]
2.27 GeV

(4) [8.7%]

2.19 GeV

(8) [7.0%]
2.00 GeV

(7) [8.0%)]
3.46 GeV

(7) [8.0%]
3.46 GeV

(6) [24.3%)]
2.17 GeV

In,|

In,|
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Signal Significance

N o O i O O SN . D

H—vyy: Significance

>
~
>
7))

—4— Combmed, fit based wth M_ fixed
--4-- Combined, fit based with M_ floated
iy Inclusive, fit based with M_ fixed
--4k-- Inclusive, fit based with M_ ficated

J‘L - 10 fb.‘l 1 Inclusive, number countng

-
---
-
......
-~
-
--e
-
.-

combined, number countng
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H—-ZZ" 4 |leptons



H—ZZ"— 4 leptons

@ Analysis in a nutshell: @ Main backgrounds:
v isolated muon or electron pairs with v’ ZZ (irreducible), tt and Zbb (reducible) + fakes
opposite charge @ Background suppression:
v’ require at least one Z on shell v lepton isolation
v’ reconstruct 4-lepton invariant mass v impact parameter
v" estimate background from sidebands @ Efficiency is important!
SR =R AN LAARN RALRE RS RS LR RN AR R R
3 205_ M -2z -4 ATLAS
0 18
N F Wz JL=30 fb’
> 16 I Zob
5 14
- =
42E
10
o
o
4
%
B0 110 120 130 140 150 160 170 180 190 200

m,, [GeV] 18



H—ZZ"— 4 leptons: significance

Q) | I [ I [ I
= s de ATLAS
O | =4y -
= v 2e2u I L=30 fb™
2 I eTotal . T
© v
S 10 '
n _
1=
L . ! ! ! .
100 200 300 400 500 600

Higgs mass [GeV]
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VBF H>1™1T



H—TT: the reciepe

@ Identification

Higgs
decay

W,z Forward
......... jets (tag)

r
r

2 high p; tag jets \
at large rapidity 7 e/ no color flow between tag
v jets implies a rapidity
'.-_'.-“V gap, thus the central jet

@ Reconstruction T ;c;tccla( ge:gicr:]tg;e to reduce

H ... s Higgs mass is
P miss reconstructed using the
T . collinear approximation
ag and the angle between
' the two t




Event selection

Due to poor Higgs mass resolution for
H—r, inclusive analysis not possible

Exclusive (VBF) searches: Reduce QCD
backgrounds by usin%dis_.tinct topology of
jets in association with Higgs

Signal

« 2 high pr jets from quarks, at large n,
no jets in between

e T-pair from a resonnance
 leptonic & hadronic T decays (ll, Ih, hh)
o ETmiss

Background
« irreducible: Z+jets (Z—17)
* reducible: W+jets, t-tbar+jets
 leptonic & hadronic T decays (ll, Ih, hh)

v Z(—up) +jets
$0.07 S s

........

—— VBF H(120)-t*t > pup




Reconstructing VBF events

| | LA B T T
<

. . 8" . ATLAS .
Mass Reconstruction ©10f  VBFH(120)>trsi ]
_‘31 of | \s=14TeV, 30f5" -
 collinear approximation: T decay & of 3
products go along the T direction g ]
. . : 6 1
« Mass resolution limited bt Et™ss (8-10 =5 :
GeV) & treconstruction (~10 GeV) 4 (NN 00

Y

2

100 120 140 160 180
m,, (GeV)

« Significance

(xbd -
: : 8 9F ATLAS

. Countln? events in the mass peak S sE Ve =14 Tev, 00!
I < F -channe
using a fit over the mass spectrum =t = poplalinal
»n 6- = combined

g

g 7t

@ 4F

3t

2t

N:

105 110 115 120 125 130 135 140
m,, (GeV) 23



Luminosity [fb™")

Luminosity [fo™")

Overall sensitivity with ATLAS

¢ I I I L B 1 1 .89 I .
od ] q
24l —WWO0]

: —_—WW 2]

301 ' — T i
261 — cOMbINEd

- 20 fbl
22._

‘8"" ;u :. :. 5 do

! : ; . O di1scovery
14 : : \ o
101~ “‘ . : l. -

N AV 1 ATLAS
(e s \A . o

b > \"—" ‘x R
2~||111111MI{(GeV)

120 140 160 180 200 220 240 260 280 300
10 Ir'Y‘]YT'r]"'T'T'rY']’Y"Y
ol ATLAS ]
i -==eHdl :
7H — ~
5' """ 1] ~

» —WW 0j <
3+ -
o , 95% CL exclusion

\

L N .
1 :',s - \

120 140 160 180 200 220 240 260 280 It

e 5 o discovery
e 2fbl: my~160 GeV
e 3fbl: 135<mn<190 GeV
e 20 fb!: probe down to mx~115 GeV

e 95%CL exclusions
e <2 fbl: region mu~2mw
e ~2fbl:120 < mu< 460 GeV
e ~3 fbl: probe down to my~115 GeV

o Systematic effects & uncertainties
taken into account
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Conclusive remarks

e All possible SM Higgs mass range is well covered by several channels
e ATLAS has a good sensitivity to the SM Higgs already with the first fb!

e Many aspects not covered in this presentation:
e How to show that a signal is the SM Higgs boson
e Measurement of the spin and CP
e Measurement of the couplings
e And also the MSSM Higgs searches

25



ATLAS sensitivity to MSSM Higgs boson

300 fb-! . ATLAS
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Higgs 95% CL at LHC GPD , H— weak bosons,

indicative

Combined H-WW + H—=ZZ: lumi for 95% CL
CMS Preliminary

- [ N, S [ S S ) R S S
—A— HZZ+HWW (6 TeV) 1

Compare sensitivity to Tevatron with 8 fb™"
( only HoWW— AA )

Luminosity for 95% CL exclusion (fb™)

—o— HZZ+HWW (14 TeV)

ik
o
A

-
12 |

—&— HZZ+HWW (10 TeV) A

0.1 | CMS~ .
A : E., dgeendence from
T T e T e s o T T o . e e e 102 ATLASGSsimulation of

120 140 160 180 200 evuv channel '

m,, (GeV/c’)

o Energy s'? 14 —

10 —» 6 TeV

—h
o
w

Integrated Luminosity ( pb™)

m,;=160 GeV

Tevatron exect 1.90 sensitivity at
m=160 with 8fb"'(one expt)

—

assuming gg—H dominant
Int. lumi scale uncertainty is 790%. ..

IlIIIIIIIIJI L1l 1 L1l JJJJ]JJIJ

4

5 6 7 8 9 10 11 12 13 14
\s (TeV)

o Lumineeded 0.1 - 0.2 — 0.6 fb"

o Massive loss of sensitivity below 6 TeV

To challenge Tevatron with s'2= 8-10 TeV, we need ~300-200 pb- g.d.




