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Today’s talk

x-sec X BR for each final state
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[ Detail of the specific channels]
o H->WW->Ilvlv with 2.1 fb1
— 110-300GeV
o H->ZZ->lll with 4.8 fb-1
— 110-600GeV
o H->ZZ->llvv with 2.1 fb!
— 200-600GeV
e H->yy with 4.9 fb!
— 110-150GeV

[Combination]
Additionally, we use the next;
e H->ZZ->llgg with 2.1 fb
— 200-600GeV
e H->WW->lvqq with 1.0 fb!
— 240-600GeV



H->WW*->Ivlv

| = electron or muon

Today talk -> L=2.05 fb

(Preliminary) results with ~4.8 fb-1
will be shown in Moriond.
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H->WW*->lvlv arXiv:1112.2577 (to PRL)

H->WW*->|vly =205
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o of fakes and real v's — 2 isolated leptons
107 top > Emis e 20GeV for elec, 15GeV for muon

e 25GeV for the leading lepton
— MET rel (Eg ™<5)>40GeV(SF), 25(DF)
— Jets py>25GeV, |etal|<4.5
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H->WW*->Ivlv
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m; distribution

mr = \/{EH EIIH‘-:-H) {:PH“ + th&)ﬂ

after A¢p(ll)<1.3 cut
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H->WW*->Ivlv

H->WW*->Ivlv
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Event selection method is changed at 170GeV and 220GeV.
e Observed excluded = 145<m;<206GeV (expected:134-200GeV)

e Maximum deviation = 1.9¢ for my~130GeV
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H->ZZ2"->4l
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H->ZZ*->4l arXiv:1202.1415 (to PLB)
%
H->22"->4l
|
O CCL I CICUNN | Gev] | o-BR-4.8fb" [events] | Width [GeV]
130 15

0.005
150 22 0.017
200 33 1.4
400 13 29
600 2 120
* Event Selection « 4] mass resolution (130GeV)
— Single lepton trigger - 1.98GeV for 4u
e 20-22GeV for elec, 18GeV for muon - 2.18GeV for 2e2p
— 4lep p;>20, 20, 7 and 7GeV - 2.53GeV for 4e

¢ Isolated and small impact parameter
- |m,my,|<15GeV
m3,<115GeV && my (GeV) <120 130 140 150 160 165 180 190 >200
ma4 threshold (GeV) 15 20 25 30 30 35 40 50 60
Signal acceptance with eff is ~15% for m,=125GeV. (~48% for m,;=200GeV)
Performance of low p; lepton gets important for low mass Higgs search.
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H->ZZ*->4l

4lepton Inv. mass
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3 events (<140GeV) Upward fluctuation ~240GeV and ~500GeV

124.6(4y), 124.3(2e2y), 123.6(2112€)
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H->ZZ*->4l
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@ATLAS

D EXPERIMENT
http://atlas.ch

N
i Y / \

A \AEP
March, 2012

2elec+2muon candidate with m,=124.3GeV
mlz(ee)=76.8GeV, m34(w)=45.7GeV

Run: 182796
Event: 74566644
2011-05-30 07:54:29 CEST
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200 250 300 350 400 450 500 550 600

[GeV]
Local (global) py

125 1.6% (~50%) 2.1c 1.36
244 1.3% (~50%) 2.26 3.00
G 500 1.8% (~50%) 2.16 1.5¢

LEE(=look elsewhere effect) estimated over mass range: 110-600GeV
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H->ZZ->llvv ATLAS-CONF-2011-148
H->2Z->I1lvv

e Most sensitive channel for my, > 300GeV
e Signature is Z-> Il + large E; ™ss

e Main backgrounds: ZZ (irreducible), top, Z+jets
— reject with E; ™ss cut, b-jet veto and topology

e m(Z,E;{™ss) discriminating variable
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> F 1 & oF E
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0 - Total BG 1 2 65 7 ERS ]
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Excluded (95%CL): 310 < m, < 470GeV
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H->yy

e Event selection
— Two photon trigger
— E;>40GeV and 25GeV
— Isolated tight photon

-> 22489 events in total
(100<m, <160GeV)

Events / GeV I

e Improve sensitivity by
introducing categories.
-> 9" categories are defined by
Conversion status

Data - Bkg
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arXiv:1202.1414 (to PRL)

Selected diphoton sample
] Data 2011
Background model
SM Higgs boson m, =120 GeV (MC)

\s=7 Tev,j Ldt=491fb"
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H->yy

Mass Reconstruction

e Pileup effect on mass resolution is small because
— Tracks are used for converted photons.

o
-y
N

L o e
ATLAS Preliminary
(Simulation)

.°
—

gg— H—-vyy, mH=120 GeV

1/N dN/dm,, /0.5 GeV
o
o
oo

— Layer structure of LAr EM calorimeter helps us to - +6<us9
determine z-position of yy production vertex. o060 +9<us12 o
(we don't need primary vertex information, which f tu>12 :
is obtained from independent algorithm, for 0.04~ i
example, sum of track p; associated to vertex.) 002k g

{ IR S

A N [Siains
?10 112 114 116 118 120 122 124 126 128 130

m,, [GeV]
Category ccpg FWHM Ng Np S/B
Unconverted central, low ppy 1.4 3.4 0.1 1763 0.05
Unconverted central, high pry 1.4 3.3 26 235 0.11
Unconverted rest, low pry 1.7 4.0 17.7 6234 0.02 Ocp (Core width by Crystal ball funC)
Unconverted rest, ligh pre 1.6 3.9 47 1006 904 js 1.4-2.3GeV depending on categories.
Converted central, low py 1.6 3.9 6.0 1318 0.03
Converted central, high pry 1.5 3.6 1.7 184 0.08
Converted rest, low ppy 2.0 4.7 17.0 7311 0.01 S/B in h|gh Prt is better than low Pt
Converted rest, high pr 1.9 4.5 4.8 1072 0.03
Converted transition 2.3 5.9 8.5 3366 0.01
All categories 1.7 4.1 721 22489 0.02
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H->yy
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5 - Mt ATLAS 7 N — Yy expected p; J dteaofs! ]
E % + 26 Data 2011, \s=7TeV - ~ _
3 5 -1 ] —J..q_._..-.-...-.-.-...-.-.- Y . LT lovty
O - Ldt=4.91b : 114 Rl SR WS S o
S 4 i L S 5
o : 102L ATLAS
3F - =
739 ---------------------------------------------------------------------- _
5 10° =
_ «ss-0.... Observed P, (with energy scale uncertainty) ;
4000 by by by by b ey by s by |
S T 10996 "5 120 125 130 135 140 145 150

110 115 120 125 130 135 140 145 150
my [GeV]

1 1 my [GeV]

my=126.5GeV
e Expected = 1.6-2.7 x SM Higgs e Local p-value = 0.17% -> 2.8c
e Excluded = 113-115, 134.5-136GeV (expected 8.7%)
LEP limit (114.4GeV) e 1.50 (after LEE 110-150GeV)
La Thuile 2012 19
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Combination arXiv:1202.1408 (to PLB)

Individual channel

E [ T T T T T T T T T T T T —rrT1r+rrror1
DUJ — Exp. Obs. Exp. Obs. .
= R TR Hoyy@9fe™ H— ZZ— ligq (2.05 fb™) 7
o B sees m—— HWWo Iviv (2.05fb7) H— ZZ- Ilvy (2.051b™) ]
g ---- H— ZZ— Il (4.8 fb™) -==- —— H> WW - Ivqq (1.04 1b")

IS
= 10
— =
@) —
> B
To)
fo)) .
1 A A N - Ly S =
B ATLAS 201 1 ILdt- 1.04-4.9 fb", \s=7 TeV CLs limits |
10-1 P T T T T S S TR S N S S T I T T T T N T S T S T T S T |
100 200 300 400 500 600

e Low mass region = H->yy, H->WW->Ivlv, H->ZZ->4] My [GeV]

e High mass region = H->ZZ->llvv, H->ZZ->llqq, H->WW->lvqq

(‘ ’ 2 March, 2012 La Thuile 2012 21

]




Combination

Exclusion Limit

—
o

ATLAS 2011 Data

S [ Atas | '2011Data - S F -
© B B i
—— Observed - —— QObserved A -
& 10F ... Expected .[ Ldt = 1.0-4.9 fo" 5 - -- Expected _[ Ldt=1.0-4.9fo ]
= - [+ n = B fH1o i‘ h
% - [O+2¢ \s=7TeV i E i b 106 \s=7TeV ]
1 | ] —
o ® | 3
32 B 7 X 1 =
& & n ’
1 = = B i
- CLs lelts - CLs L|m|ts
-1 P TR TN TN TN NN NN N TN SO SO H AT SO MO S S S
707715 120 125 130 135 140 145 150 10" 00" ""500 300 400 500 600
M, [GeV] M, [GeV]
e Expected limit : 124 < my < 519GeV
e Observed limit
— 95%: 112.9 < m, < 115.5GeV, 131 <m, < 238GeV , 251 <m < 466GeV
— 99%: 133 < my < 230GeV, 260 < m, < 437GeV
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Combination

Excess at 126GeV

o LI I ' T TT1 I T T 17T I T T 1T I T T 1T I T T 1T | T T 1T | T T T
Q
: E ATLAS 2011 |va-1omson’
s TE __
— E _______
10-1 E-:h --------- R : :' A Al E
T Yo e 1 Local py-value (126GeV)
: 5 -H->yy 280
103 N S — ] -H->ZZ->41 2.10
i \¢] . -H->WW->lvlv 1.40
4 N
10 = 4G < Obs. Comb. (ESS) =
10-5 i ----Exp. Comb. ---- Exp. H— vy 7
'§_ — Obs. Comb. — Obs. H— vy .
- --Exp. H— 4l Exp. H— Iviv
10'65— — Obs. H—» 41 Obs. H— viv \S—7TeV
:I 1 1 1 I 111 1 I 1111 I 1111 I 1111 I 1111 | 1111 | 1111

110 115 120 125 130 135 140 145 150

m, [GeV]

126GeV Local py-value: 0.019% -> 3.5¢ (with energy scale) (expected ~2.5c)
Global py-value: 0.6% -> 2.5¢ with LEE over 114-146GeV
Global py-value: 1.4% -> 2.2¢ with LEE over 110-600GeV
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Best "u"” for SM Higgs ?

Consistency with SM Higgs.
(If u~1, our observed events would be consistent with SM Higgs.)

3 IITTIIIITIITTI]TIIT[ITTIIITII]IITT'TTII[II

ATLAS 2011 Data

—— Best fit det_1 04-4.9 fo”
[]-2InA(n) < 1

, N
o N o

—
|IIII|IIII|IIII|IIII|IIII|II\\|IIII|III\

\s=7TeV

—

Signal strength

ll|lll|||||||llll|l||I|IIIl|llJJ|IIII|IllJ

IllllllIIllIIlllllllllllllIlllllllllllllllllI—

110 115 120 125 130 135 140 145 150
m, [GeV]

126GeV, u=1.5+06,
-

]
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Summary & Prospect

e Higgs search at LHC/ATLAS is very exciting now!
— ATLAS still have several channels (WW/tt/bb etc) to be updated.
-> Wait for new results until Morinod conf.

e In the low mass region, we have a small un-excluded mass window of
115.5-131GeV.

e Small excess around 126GeV is real? -> No conclusion at the moment
-> Still ~2-3 sigma level with the look elsewhere effect.
-> We need more data in this year.

o "“Additional ~15 fb-1" with 8TeV in 2012 per one experiment
-> 50 discovery for 120-131GeV!
-> Exclusion of the remaining low mass region (115.5-131GeV)!
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Backup
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Combination

e

]

- ATLAS 2011 Data -
? —— Observed _§
_ ---- Expected —
gdet=1.04-4.9 fio =
E \s=7TeV E
I T NS N SR S R R R S
110 115 120 125 130 135 140 145 150
m, [GeV]

26

36

4c

50

Excess at 126GeV

- atLAs | 2011Data |

. Observed

= LY ---- Expected -
S e S R U R R 340

R det: 1.04-4.9 0" 3

= s=7TeV
Fomeeeaen L S ........ e ............. 3 506

I TR L I BT I

100 200 300 400 500 600
m, [GeV]

126GeV  Local py-value: 0.019% -> 3.5¢ (with energy scale) (expected ~2.5c)

Global py-value: 0.6% -> 2.5c with LEE over 114-146GeV
Global p,-value: 1.4% -> 2.2c with LEE over 110-600GeV

LEE=look elsewhere effect (important for channels having a good resolution yy,4l)

’ 2 March, 2012
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Look elsewhere effect

When we search for a new particle (“unknown” mass),

we could have local excesses due to stat. fluctuation in a search mass range.
Such possibility should be taken into account properly to claim the observation.
This effect is important in searches for a narrow resonance in a wide mass range.

L

Observed ¢,

—
p—
T
[

Higgs boson mass

N=nr. of up-crossings
. —(Z22-28)12
pglobal o plocal T Ne

E. Gross and O. Vitells (Eur. Phys. J. C70 525, 2010)

c

]
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H->WW*->Ivly my=150GeV

H + 0-jet Channel Signal WW W +jets Z/+" + jets it tW/th/tgb WZ/ZZ /W~ Total Bkg. Observed
Jet Veto O0+21)524 £52 | 84 +41 1744169 42+14 3248 15+4 872+ 182 920
P%"'E = 30 GeV 05+ 20] 467 £45 | 6934 | 30112 2048 13 +4 648 + 60 Y00
mygy < 50 GeV 63150118 15| 21 £8 13+ 8 T4 5.8+1.8 19+0.6 166 +£19 199
Ager < 1.3 o8+ 13 91+12) 1245 L6 G+3 5.84+18 1.7+0.6 125+ 15 149
D75 my < mT < my 40+9 o2 +T o+ 2 244 24+16 1.5+1.0 1.1+05 63+90 81

H + 1-jet Channel Signal WW W +jets Z/+" + jetsI tt ItH-’_.-" thitgh WZ/ZZ /W~ Total Bkg. Observed
1 jet aod+9 1193 +20| 38+£21 T4+65 ATI 124 74326 1442 067 £+ 144 052
b-jet veto 4549 |188+19| 35+£19 T3+61 17449 || 66 £ 11 1442 549 + 83 ob6d
prt| < 30 GeV 397 | 16416 1B LD 38+ 32 H0+0 8.7+£1.5 376 L 48 405
£ = 77 veto J9+7T 15D L1T | 1B LS 24 423 48+ 8 942 361 +38 388
mee < 50 GeV 2BL+6 33+5 33114 BT 1143 1.8+0.5 TT+12 a0
Ager < 1.3 23+5 2ot4 121410 4+ 6 0+3 15+0.4 60+ 10 T2
075 my < mT < my 14+3 1243 J0O94+04 1.3£19 4.0+£16 0703 28+4 29

> : L L T T T T T T -1' : 1(2 80 L L L L B e -iI T
Before ©100—ATLAS \s=7TeV,|Ldt=205fb" 4 = 70 ATLAS \s=7TeV,|Ldt=2.051b
milcut© F H-WWolvly + 0jets 7 = 60 HoWWlvly + 0 jets

o — _
— 80: n E 50 4 e Data
~ - 4 O 7 /
© 40F 4 30
w ]

20 o ]

= -, M . ™

< 50F H-oWWoliviv +1jet 1 5 ]
) C 1~
o 40? B 4(2
— C ] c \:I W+jets (data driven)
~ 30F 4 @
» - i 2
T C 1w
o 20t =
I.I>.I C .

10§

50 100 150 200 250 o 05 1 15 2 25 3
m, [GeV] A¢, [rad] 29




H->ZZ*->4l

e

]

Electron identification efficiency [%]
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Electron Performance

J/¥->ee, W->ev and Z->ee

— Challenging->Low pT electrons

Pileup effect with Z->ee

T T I LI I 1T | LI I T T | LI LI | LI | T 1T 1 LI
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ATLAS Preliminary Ldt=4.7f"
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H->ZZ*->4l

Muon Performance

° Z->up
e Muon rec eff > 95% (4<p;<100GeV)

Pileup effect with Z->pupn
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H->ZZ*->4l

prp e ete ete ete”
Low-mu, High-mys  Low-my,  High-myy Low-my,  High-ms(>180GeV)
Int. Luminosity 4.8 fh~1 4.8 b1 4.9 fb~1!
ZZ\) 21 +0.3 163 +24 28x06 2524+38 12+£03 10415
Z + jetsand tf  0.16 £ 0.06 002+001 14+05 017+008 1.6+07 0.18 + 0.08
Total Background 22103 163 +£24 4308 2544+38 28+£08 106x1.5
Data 3 21 3 27 2 15
my = 130 GeV 1.00 £ 0.17 1.22 £ 0.21 043 £ 0.08
my = 150 GeV 2104 29 +04 1.12 £ 0.18
my = 200 GeV 49 £ 0.7 7.7 1.0 3.1 x04
my =400 GeV 2003 3.3 x£05 149 £ 0.21
my = 600 GeV 0.34 = 0.04 0.62 + 0.10 0.30 £+ 0.06
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H->ZZ*->4l

BG check

Z+jets, where jets fakes leptons.
- 2 OS same-flavor with m,+-15GeV
- 2 additional SF leptons passing all cuts except for isolation and impact param.
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o r . B Z+light jets o 30 . B Z+light jets -
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b->e
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H->ZZ*->4l
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H->yy

o (pb)
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| B | ~500ub
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AR VDT

R ~ O(8000)

’ 2 March, 2012

Data
Background
Processes = yy, yj and jj
— Fake photon jet->n0° n-strips

e 1/~10% (gluon>quark)(MC)

@ 20000F -
E’ 18000 —<4— Data-driven estimations
- 16000 -l e yy expected =
o oo vj expected .
£ 140001 S jj expected E
2 12000 e DY expected =
10000 - E
C ATLAS Preliminary A
80001 =
6000} f Ldt=4.9 10" -
4000 E
20001 =
008 C —— 3
vy v ii DY
Yy v i i7 Drell-Yan
Events 16000 4 1100 5230 £ 890 1130 £ 600 165 £ 8
Fraction (7T1£5)% (23£4)% (b£3)% (0.7Tx£0.1)%
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Energy Calibration

o /->ee, J/¥->ee, W->ev and MC

— Energy scale at m, ~ 0.5%

— Linearity < 1%

— Uniformity (constant term) ~1% for barrel and ~1.7% for endcap
e “Electron -> photon” by using MC

3

> 20051(')'|""\""\"" N B B -
& 1go=. ATLAS Preliminary e
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5 160— B
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BG modeling

e Single exponential function with mass range of 100-160GeV
— Limits are obtained for 110-150GeV.

e Assign systematics for the choice of BG modeling

) ) . Q_O j T L LR L L L L L L I:
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Systematic Uncertainties

’ 2 March, 2012

Signal event yield

Photon reconstruction and identification +11%

Effect of pileup on photon identification +4%
Isolation cut efficiency +5%
Trigger efficiency +1%
Higgs boson cross section (scales) i’ég%
Higgs boson cross section (PDF+ay) +8%
Higgs boson pt modeling +1%
Luminosity +3.9%
Signal mass resolution

Calorimeter energy resolution +12%
Photon energy calibration +6%
Effect of pileup on energy resolution +3%
Photon angular resolution +1%
Signal mass position

Photon energy scale +0.7 GeV
Signal category migration

Higgs boson pt modeling +8%
Conversion rate +4.5%

Background model

+ (0.1 — 7.9) events
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N [(1 =)+ po2t(1 — 1) + p1 2| . with
t = (my, — 100)/60 € [0,1].
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