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 Introduction

Standard Model (SM) Higgs Search

— H>WW=Iviv

— H>7Z~>4l

— HDvy

— Combined Results and Prospect for 1fb!

* Minimal Supersymmetric Standard Model (MSSM)
Higgs Search
— H*=>cS, v
— h/H/A=2>up

* Summary
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Introduc’gion

LHC schedule 2010,2011
v Run in 7 TeV center of mass energy
v The end of 2010 O(100pb1)
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v Expect 1fb™* by the end of 2011 BT mes  zmos 007
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Impact on cross section 2 A E— R
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v W+jets ~ 48% z F TTev: E
v ttbar ~ 18% @ sk E

v WW ~ 38% LT e—
0n éﬂﬂl IA - Ié - Ié - I1bl II1E£_II1AI
\Ns (TeV)

Higgs Sensitivity at 7 TeV at 1fb-* is evaluated by cross

section scaling from 10/14 TeV study with full simulation

* Cut efficiency difference from 10/14 TeV are verified to be negligible
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Standard Model Higgs
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Higgs Production and Decay

« gg—2>H production is highest cross section at LHC
— Cross section is about one order higher than Tevatron

— Need clean signature : diphoton, dilepton, 4 lepton

* VBF qq-2qqgH production is second highest

— Forward jets are distinctive signature
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Use NLO cross section for both signals and backgrounds in this study
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H2>WW=Iviv @
* Dilepton (ee,pp,ep)+MET+jets signature

— Study 0,1 (GGF) and 2 jets (VBF) separately O(- O >@

then combined - (> Spin0 €)=-10>

r=i>»

— Use spin correlation to reduce background
=» Small opening angle between dilepton
=» High missing transverse energy

{5 L B B B B B BB L R

F ATIAS prefiminary .
|:}_2_’-T,_— {simmalation) BETRL <t -]

02

— No mass peak is observed due to neutrinos

M, =(Ef +E™)* (P +ET*)* <M,
ET” I\/(PT”)Z +mﬁ c}.t}sz

o1sF

Fracion of events ! 10 GeV

0.1

Estimated number of events oo o o
at 1fb-* after event selection
T My (GeV) 160
SM WW Qjet/ljet 55.2 €& Possible to re-observe in O(10pb1)
top ljet/2jet 14.0 » One fake lepton coming from jets
W+jets Qjet/ljet 5.6 € - Data-driven background estimation is
Total background 74.8 on-going
Signal 39.5

I S S S S =>» First measurement is coming soon!!
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H>WW=2>Iviv

- HoWW sl ATLAS Preliminary-
| \[s=7 TeV (Simulation)
i Conservative systematics |

100 pb’
250 pb™’

F_: 8
750 pb™
1000 pb

95% CL Limit/ SM

120 130 140 150 160 170 180 190 200
M., [GeV]

* 500pb-1: Expected exclusion mass range is 155-175 GeV
« 1fb-1: Expected exclusion mass range is 145-183 GeV
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H2>Z2Z->4l

/’ A
8 T
i
o — 12 T I e T T T T I e
* 4dlepton signature (4e,4pn,2e2pn) 3 lI—quqs r;]ass re'solutio'n Jr
— Excellent energy and momentum 5 b . g
resolution for reconstructed lepton % g (Simulation) o =
=» Narrow Higgs mass peak can be - o ) E
observed - . -
— Mass resolution is crucial : Resolution “F ets ) E
. . - s o H—7Z"— 4 i
can be |mproved by 10-20% with Z 2 ans® a8 :} No E—'I}z (Fjlonstrain_t ]
mass constraint - o WilhM, Constaint 4
- _ S — !PDID 200 300 400 500 600
s f ATLAS Preliminary . M (GeV)
= T (Simulation) . Background
s F o 2 v SM ZZ (dominant contribution)
[ e e - v Z+jets
UE -3 Ytop
10-3; _f ’ IS
’_IT —‘ discriminating variable to reduce
e LT Z+bb(2p) background in 2p2p,2e2p

Maximum dy/c,, channel
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H->ZZ-4l

ATLAS Preliminary
(Simulation)

]

H— 77" 4l
— Median

[ Median+ 16
[ 1Median+2c

95% CL limit/SM for 1 fb

150 200 250 300 350 400 450 500 550 600
M, (GeV)

* Cover large Higgs mass range

* Sensitive for around 200 GeV Higgs mass (2.5 times higher
than SM cross section )
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* Perform jet inclusive analysis for early

T
V/
<

data (GGF dominant)

* Narrow diphoton resonance can be
observed over smooth background
=» Background amount is estimated from ¢

side-band fitting

}4DU_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-IIIII|||||||||_
& EATLAS Preliminary Il signal x10 .
®350 (Simulation) H—yy (m_ =120 GeVH
o - 167 s =7 TeV [ ] vy (Bom & Brem) 3
=300 . -
W=E [ v v (Box) -
S, cob T B et 3
2 F I Dijet ]
EEDD — I Drell Yan —
15{];_ —— Toy sample (1 i7" _;
100F E
508 =
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My, [GeV]
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- (M = e .
e & \r:%'Tfav } [ =1 converted y (truth) 3
Z 160 11! ATLAS Preliminary =
S 1_42_ (Simulation) =
T oF E
£ m,,=120 GeV -
0.8E good mass E
- resolution ~1.1%
04 E
02 E
?CID 105 110 115 120 125 130 135 140 145 1_50
M,,[GeV]
ElYlvlllllllilE!llgIQIlilllllll’:llllolglllllllll5l§l4l9llllllll:
Vi 2500
reducible ~34%
o] 360
:-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-"
:Drell Yan  reducible ¥1% 90 :
Total backgrounds 8490
Signal (M,,=120 GeV) 13.0

Use 7 TeV MC simulation for signal
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H-2vy

E}J 22: | L I B | —
ﬁ 20 ;— AS TLAISt!:'I'E!limiHEW Median _;
Iﬂ@:; 13:_ (I_Imu a Il:ll"l} ————— Kadian (no systamatics) _:
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— Expected upper limit ~5 X SM cross section @ 1fb!

Significantly better than the current Tevatron limit (~20 X SM

cross section)
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>

Combined Exclusion Limit

A
T
« H>WW-=>lvlv, ZZ-4l,yy channels are combined L
S
A", |s |mportant |n Iow mass ZZ is sensitive in high mass
S = | | NS L T B Y B
Z%m 10 1 ATLAS Preliminary (Simulation),.,j‘
s F Ny e WW-+ZZ+yy Combined  ,/ 5\‘
T A + 1o I 3
3 | s §
m 1 i 1
g ! !
oy .
_ N y; ]
&) A ]
&\3 B \\..1/
< i J' 4 Expected
| L |dt=1 ftT Exclude Reglon | s=7 |TeV |

10470 120 130 140 150 160 170 180 190 200
M, [GeV]

Expected 95% C.L. exclusion of SM Higgs is 135-188
GeV @ 1fbt(end of 2011)

* bB,TT channels help to improve sensitivity in low mass region
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MSSM Higgs
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MSSM (H*->¢c5,tv) ()2

* Light charged higgs (m,,,<m,_ ) can appear from top quark dec

top

H*>tv in di-lepton tt events
Use leptonic tau decay mode
Two leptons + MET + 2 b-jets
Main background : ttbar (90%)

Look for excess close to -1 in
helicity angle cos6,

H*->cS in semi-leptonic tt events
lepton + MET + 4jets (with 2 b-tag)
Reconstruct m,, with 2 untagged jet
Main background : ttbar (95%)

Improve dijet mass resolution with
leptonic W, top mass constraint

N L R UL R
ATLAS Preliminary

ATLAS Prellmlnary (Slmulatlon)
\S ?. TeV 1 fb1 — Expected at 95% CL (statssyst)
--- Expected at 95% CL (stat. only) - 68% of SM at 95% CL

=== Tevatron limits with 1.0 f5 'data I:I 95% of SM at 95% CL

. . Expected at 95% CL (stat. only)
(Simulation)

. \s=7 TeV
S 1!

]
.

—— Expected at 95% CL (stat+syst)

68% of SM at 952 CL

|:| 5% of SM at 95% CL

===+ Tevatron limits with 2.2 f 'data

1 1 I 1 1 1 1 I 1 1 1 1 | 1
130 140 150
H* Mass [GeV]

00120 1:1_r]1Ma ?Geviso

Better upper limit on branchinqg ratio compared to current Tevatron results
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MSSM (h/H/ADpp) o

* Search for high tan parameter region @ ;:?foh
(Associated production with b-quark is dominant) | ¢ b

— Analyze 0 b-jet and at least one b-jet events separately

— Main background : Z-> upu +jets, ttbar dilepton (important

for search w/ b-jet)

— Results are obtained by simultaneous fitting of M ,, (signal

region) and M_, (control region) m, max benchmark scenario

Carena, Heinemeyer, Wagner, Weiglein

Eur. Phys. J. C26 (2003) pp. 601-7
— r r 1 ' r r 1 r r T 1
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= =

g 20 - 0 b-jets. with uncertainties = &8 20 - —a— =0 b-jets, with uncertainties "
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Summary RCX,

* ATLAS Higgs sensitivity prospect has been evaluated at center §
of mass energy 7 TeV at integrated luminosity 1fb!

— Expected exclusion limit on Standard Model Higgs is 135-188
GeV at 1fb}(H2>WW->Ivlv contribution is dominant in large
mass range)

— H>WW sensitivity will be comparable with Tevatron at 300-
500pb™* (middle of 2011)

— H->vyy sensitivity is also competitive with Tevatron at 2011

— 95% C.L. upper limit on Br(H*=>cs,tv) is expected below the
current Tevatron result at 1fb!

* Still plenty room for sensitivity improvement (bb, tt channels,
Multivariate technique for object id and event selection )
— MSSM H->tt (one of most sensitive channels) results will come up

Many interesting results coming soon
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Back up
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Recent Tevatron Results

Tevatron Run Il Preliminary, L=2.0-5.4 fb™’
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ATLAS detector

Solenoid (within EM Calo) 2T
Magnet(s) 3 Air-core Toroids
—
Pixels, Si-strips, TRT "-
Inner Tracking PID w/ TRT and dE/dx

opp /P ~ 5% 10™4pr $0.01

EM Calorimeter

Lead-Larg Sampling
w/ longitudinal segmentation
og/E ~ 10%/VE  0.007

25m

Acc. ATLAS 2.7 & CMS 2.4

Fe-Scint. & Cu-Larg (fwd) >
Hadronic Calorimeter St & Cudarg ) 2 11
g /E ~50%/VE ©0.03
Instrumented Air Core (std. alone) Muon chambers
Muon Spectrometer System 0pp /P ~4% (at 50 GeV)

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

LAr eleciromagnetic calorimeters

Solenoid magnet | Transition radiation tracker

Semiconductor tracker

~ 117 (at1TeV)

2010/7/23
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1000 ¢

WJS 2010

-- H . - ratios of parton luminosities
- at 7 TeV LHC and Tevatron
o 100 |
"é L
Py
‘»
-/ -/ o
q q =
&
=2 0L
o H /
MSTW2008NLO
1 2 M 1 " 2ol L
q q 10’ 10° 10"
Mx (GeV)

Quark-Quark production
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H>WW=2>Iviv

* Background understanding is important because of no clear
mass peak

Difficulties of W+jets (fake lepton) background estimation

— Fake lepton modeling from MC is not reliable
— WH+jets cross section has large theoretical uncertainty

e 10 TeV MC Study

Data-driven W+jets Background Estimation

u) -

g - ATLAS preliminary j R 1

N ..92} 0.025 - (simulation) L =200 pb ]

N —'N > fakelepton & VU2 o w oo sample :
W+fakelepton] W-+looselepton S - W v sample _ ]
N o 0.02— —— Dijet sample, stat uncertainty only _

lo Oselepto r E [ ----- Dijet sample, stat+MC uncertainty ]

0.015} Electron fake rate -

Estimated W+jets ‘ oo i_’}‘ | o

background : +i _ £ _+_ , E
g Deterrrll_lne_W jets  Ectimate % + ] :
normaiization from mult-ijepidatac Lo Ll

from data 20 30 40 50 60 70 80

P, (GeV]
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H-2>WW Systematic Uncertalntl

W yop -!fu jers  Brop  Pwotjers
* Uncertainty on background H 1 0] analysis
WW MC Q- Scale 5.1% - — — —
estimation Top MC @? Scale - 279 - 12 -
L. . Jet E Scale + Resolution 1.5% 665 3% 61% 3%
— Q2 scale variation : maximum b-tagging eff. — 434 - 4.36 -

s e Wt contribution - 405 - 404 -
deviation from center value by MC Statistics 53%  T1%  100% 8%  100%
changing Q2 scale Total Uncertainty 7.3%  108%  100%  74%  100%

. . . H + 1 analysis
Jet energy scale and resolution : W NIC g7 Scae T — - - -
effect on jet energy and MET by JES  Top MC ¢ Scale - 23% - 7% -
. . . Jet E Scale + Resolution 05 27% 20% 115 5T%
shift and smearing energy resolution p-tagging eff. B 40 B 158 -
Total Uncertainty 17.2%  52% 915 "D‘" T8%
— MC stat : consider limited number of H + 2 analysis
MC sample in SR and CR WW MC Q° Scale e - - - -
Top MC (- Scale - IBGE - 8% -
Jet E Scale + Resolution 15%: B - 2.5% -
S.R. & CROAD b-tagging eff. 04%  10% - 169 -
o W MC Statistics 27%  17% - 1.4 -
H— WW B Top 4————  Total Uncertainty 54% 3% — 18% —
Wjets 4
WW . =ﬁ o ; Ntm}; (WW)
Top N'(E;-': T \][R Top)
N H..R . f;.R.I \:!'Wl
. . . :% C.R(W+ijets) |jw1}_: =:n—}u“
W+ets | Ny " Ny
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Rescaling Effect on H>277

* Assume no difference on acceptance in cross section
rescaling procedure
— Acceptance of signal and irreducible ZZ background agree to within

2%

o : LI L N B I B B LI L I B L L L Y L B B B | 1_- — 0035
:E‘; - 0 *) 7] o - 7 N
& 0.07 Ho>zz">a S = = | .
=.0.06— - @ N ]
=700 13 - E
E 0.05F —s=10TeV  J & 0-025¢ .
o = Ns=7 TeV . = . 5 i
& o 0ab- 4 0.020¢ HozZ0 s a4t .
- . - M, =130 GeV li .
0.03F ATLAS PreliminaryS 0-015:_ i B
- (Simulation) ] - —Js=10 TeV ]
0.02F - 0.01 D:— —s=7 TeV =
- . - ATLAS Preliminary ]
0.01 4  0.005¢ (Simulation) .
- 1 = L1 (I R T N N T A |h‘_|_ [ T . - il 1 L1 L1 PR N N T N S T N T N |:
00052020 60 80 100 120 140 0.0003 530571273
Leading Lepton I:’T (GeV) Leading Lepton n
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ZZ2->4l

e Estimated number of events in signal region

My (GeV) 120 130 140 150 165 170 180 190
SMZ7Z 0.090 0.094 0.083 0.089 0.121 0.147 0.376 0.981
top & Z+jets 0.005 0.004 0.005 0.004 0005 0.005 0.003 0.003
Total background | 0.095 0.098 0.088 0.093 0.126 0.152 0.379 0.984
Signal 0.105 0319 0595 0713 0.185 0.192 0458 1.49
My (GeV) 200 220 240 260 300 400 500 600
SMZ7Z .29  1.18 092 089 072 048 049 039
Signal .60 146 1.25 1.08 088 067 029 0.13
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MSSM Charged Higgs

> LI LI LI I L | LI I LI I LI I LI I LI I LI
> B i
S 0L _
r: - ATLAS Preliminary (Simulation) .
50.08— —— H+ (130 GeV)
G B — SMW N
o 06— (Before fitting) ] Phys. Rev. Lett. g6, 042003 (2006) M,,=120 GeV
B \s=10 TeV 1 o 1=
B i = u
0.04r - ; [ H' decays to
- _ L —
0.02 B B g - -
0 : 11 | 111 1 | 1111 I 1111 | 111 1 1111 111 1 1 | : g o'ﬁ_ _I'E
0O 50 100 150 200 250 300 350 400 450 500 ) —W'h"
Di- jet mass [GeV] ol \ WAL
> __I T T T T T T T | T T T T I T T T T I T T T I_— ¥ _ "_
80.14: ATLAS Preliminary (Simulation) - v+ BRIt H'b)
0.12— -
S 0.1 — SMW . |
Eo oal (After fitting) . S 4
u. __ |—_ __ - - — - -
C Ns=10 TeV 1 1 10 |
0.06— = tan([})
0.04 —
0.02— —
0 : . 1 | 1 L L L L | L L L L :
0 50 150 200 250
Di- jet mass [GeV]
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MSSM Charged Higgs

cosO* is defined by the cosine of the

lepton
angle between 3-vector momenta of 5*
the lepton and b-jet in W rest frame
b < top — W -~
A (T 7 2 2(1  nc2 nf 21 'V \\
1 dN (W — ;V,_,):ix m, (l cos 6,;)+mﬁ,;(l cos 6?,_,) <
N dcosé, 4 m; +2my, neutrino
Experimentally, the angle iS %1200 " ATLAS Prellmlnary (Slmulatlon)
4 f>_’1000 Ns= 10 TeV ’
9 pb p 1 ; m(H") = 130 GeV
COS ?ﬂ _n? -g 800[ —— BR(t— H'b) = 17% B
= soob 1 7 BR(t — H'b) = 0% (SM) b
In charged higgs decay, the angle has sook ]
peak close to -1 due to higher soof E
charged higgs mass and lower lepton : |
momentum from tau decay . A
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