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Motivation

e FRAMFNEEDERTHILVIAFFERERTHD. COEVTARFOHERRIL
LHC-ATLASEERICAV TRV EELGMEZRBNDIDOTHD.

e NFETHEERFLRENMNLLEMENEYD AR F(<200GeV)DFENEAFINTHI.,
45 CLEPOE FEIEROLIMitfHE (115GeV) M R EIF SN TS M THD,

o CZOMEIBTOEYY AR FIERTIIH->yy, 11, bbBEDNHFEREINTNEN, KFFET
[IH->ttlCTA—HA,

> R TRTAEN TR TRUVEHZBEERDEYT AICRIFEAERENZ O,
MSSMEYT AIFFRICE+ 577 !

-> AWFETIEMSSM h/H/A->1t->hDIEREEI1THT=,

> AR TIEET—AEF-zBackground estimationDEFEEIT=,

> KIERISFRK(SE) ZEE BV ADERICEZICER TES,

e 20104, LHC-ATLASZEERTIIVs=7TeVT36.1pb10OFT—8%mImE Uk,
> KR TRCDT—AZRANTEYT AR R &1,
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MSSM

e Supersymmetric models extend the Higgs sector.

— 5DMHiggsHiF
e h, H, Aand H*

e h/H ... CP even, A ... CP odd

— my&tanp®22M) N5 A—4

e Production at LHC
— gg-=h/H/A (LM&. goFERRR T BN Hd, )
— gg-=bbh/H/A (LL#. bbA)

[

2
BI10°

T T I T T I T T T T

- D(R)AHM, m, =120[G
E—— A —H —h(5FS)
- 4FS

| - from tanp=20

eV

|1D||||

D2DONEBERGEFE, REDERBEELtanpO2FE(CLLHIT S,
(tanphi K& BEdown typeDfermionEDEEH'58<135, )

e Branching ratio
— bb ... ~90%

- 1. ~10% -> FA. HBWMNIEADLT b ZvDERIRT HE MIHT DG, &7z, bblC
BRI BES/ND R LY, (bbld T — I 2E)
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Event Topology

Ry F D AR IR

- 1/3h'leptonic decay (1)

- 2/3h%hadronic decay (h)

RO FRT7 DB EHE
tt->11 ... 1/9 (small)
. | — 'c'c—>lh .. 479 (RBR)

g  bbh/A-=1(1) T(h) gooF h/d-=t"tT+jets — tt->hh ... 4/9 (bad S/N,
trigger)

FRAREE

- Electron or muonh*12

- Tau jet (hadronic decay)h*1D

- BRI REZLMET (missing

MET transverse energy)

- (VnybEEICENZ LIS EIE
R, FF3k((b-) V1Y MUTHER
EATTARAX,)

lepton F&8:electron+taujet+MET or
muon-+taujet+MET &Y,

taulet

Jet

(‘ ’ 2011438250 BAYESYS F66EERAS
T



Data and MC samples

e EF—4 (data2010): Vs=7TeV. 36.1 pbt
— Luminosity uncertaintyl$3.4%
e« MCHVTIL
Signal
— DbbA ... Sherpa
— ggF ... MC@NLO
Background
— W/Z+jets (up to 5 parton) ... Alpgen
— ttbar ... MC@NLO
— Single top and di-boson ... MC@NLO (gluon induced-loop WW ... gg2WW)
— QCD ... Pythia (normalized to data, FIYDF. &L RICEIFE-LTLVELY

Process Cross section x BR [pb]
bbAJH/h, AJH/h — 71 — {1y, my = 120 GeV 3.57/0.33/3.43
bbA/H/h,A/H/h — 7t — {1, my = 200 GeV 0.56/0.56/0.03

gg — A/H/h—= 51 = {15, my = 120 GeV 2.25/1.01/1.87
gg — A/H/h — 7717 — . my = 200 GeV 0.14/0.17/0.50
W — f+jets (£ = e, u,T) 10.46 % 10°
Z/y* — £ +ets (my > 10 GeV) 4.96 x 10°
i 164.6
Single-t (t—, s— and Wi-channels) 58.7,3.9,13.1
Di-boson (WW, WZ and ZZ) 46.2, 18.0,5.6
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Event Selection
AR L7ZAAY b MROY— Do L F O LG LLE R B ffi 73 Event selectionZ1T 2,
[1] Trigger
- Single electron or single muon trigger is used.
[2] Event vertex requirement and Event cleaning
- Collision event®3EiR
[3] 1 lepton requirement
- Electron ET>20GeV or muon pT>15GeV
- IsolationZ#Z& 3k (dR<0.4MH(Z6-10% LL T Madditionalzactivity)
[4] Dilepton veto
- ZPttbarMBGERET
Ny =1 [5] 1 tau jet requirement (opposite sign to the lepton)
- pT>20GeV
ET™ > 20 GeV [6] MET>20GeV
- QCD¥Z->ee/up&%EEd |
Mr <30GeV [7] Transverse mass My, My<30GeV M1 = 277" Ef™(1 - cosAd)
- WEHESBG(W, ttbar, di-bosonE) &% ET

[S]LABEDFER -> RR—D
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RS

Electron channel

N.=1 EF¥>20GeV My <30GeV
Observed datg ) 1413 581 74 |
Total MC expectatiof (w/o QCD) | 1350+10 70010 2
W+jets 710=10 590+10 26+2
Di-boson 3.61£0.05 2.68+0.05 0.26+0.01
Single-r 4.4+0.1 3.9:0.1 0.40£0.06
i 26.3£0.4 23.8+04 2.8+0.1
Zlv* — eTe  utu 45147 4142 0.8+£0.9
Zly =1t 150+4 40+2 Qo2
A/H/h signal (m, = 120 GeV, tan 3 =40) 62+1 23.4+0.6 17.9+£0.5
A/H{h signal (my = 200 GeV, tanpB =40) 16.4=0.2 0.7+0.2 7.3+£0.2

Muon channel

N:=1 E%E““* > 20GeV M7 < 30 GeV
I 132 I

Observed data 1627 841
Total MC expectatiog (w/o QCD) 1680+20 105010 137+4
W+jets 1030=10 860+10 (412 )
Di-boson 4.88+0.07 3.93+0.06 0.42+0.02
Single-¢ 5.7+0.1 5.1£0.1 0.65+0.05
t 33.2+0.4 30.0+£0.4 3.9+0.1
Zly* = eTe  utu 25345 48+2 11+1
Ziy* = 1T 350+20 07+3 13 )
A/H/hsignal (m4 = 120 GeV, tan 8 = 40) 1031 42.9+09 35.4+0.8
A/H/hsignal (my = 200 GeV, tang = 40) 23.8£0.3 14.6+0.2 11.4+0.2
AAYEZR F66EFRAR
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BIRBNICTAARY b,
1324V b, ENENER
AL,

M, <30GeVDE; & .
QCDZ&EFHLWMCHHA
% {#(Cconsistent.

hhoMDEERE :

Main BG Z->tautau®
contribution. 4¥(Z
shapeZz&J&F{fi I3
h?

QCDZ&EWHzTau fake
H3EMDBG (W+jets,
QCD)zEHRBELHN?
MCTZIITRIEL SR
EMENKEL,



Z->1t wWith embedding method %

e Embedding method&(dl EF—ADZ->ppixfH N oZ->11->lhDshapez RIEL S 1 F
EDCE, FEIEXDED;
[1] ET—AhoZ->upfEiE%EEIRT 5, (BGIIFFE|BRTED) WEATIIEEHTIRAVE,
[2] COupZttlCEEHZ T, ZDE 57 7ZIFGeantd simulationZ4T 2,
[3] TET—A(uuDEREFEE) 1+t simulationfE E | &EE T, 1Y FEreconstructiond 3,

= 018 UL I B B B L L ] SR D N N N R s
= E 0.18F 3
>0.14 ATLAS Preliminary 3 216k ATLAS Preliminary E
(5] - (] - 3
£ 012 ——Z 5 MC 4 = 014F e Z 5 wMC 3
< b 1 <ok E
0.1 —s— Embedded Z »pu = —» Embedded Z — up 3
0.08F = 0.1F E
- 0.08F =
0.06F [ 17 C [ 13
V&= 7 TeV, | Lat = 36 pb™ 0.06F \B=7 TeV,| Ldt =36 pb"

ook | ] o Mtz visible =llep-+taujetE &

002k 444 . : 0 ook (Mrr visible =jlep+tauje =)
_IIIIIIIIIIIIIIIIIIIIIII 2l . :
%7020 "0 40 50 60 70 8 %020 40 80 80 100 120 140 180186 500

MM [Gev] M.. Visible [GeV]
(LEED2DIEMETDAY FEETBRIN S 1)
o SEBZ->uEREBNHEDZBIEH. FIVIICOH FET, (MCTFIEFHERE)
o RIEFERIIMC Z->tEET,
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SS method for QCD+"W+jets” (1/ 2)?

e Y5+ )UIZlepton(electron or muon)&taujetDEE DFF S (E K %F(0S),

e SS method&ld I FFEH'E Ulepton+taujetDf A & ->TBCERIEL S 1 F %,
— BERMBPA4T7E. ERILESSARY FEIIICHIBLT,. AR AT —3HSNMIMCT

fHIET 3,
e QCD 0OS=SS ... f#HIEOWER L, ZIZL. COREMNOKNEINET—RTFIV,
e W+jets 0S>SS ... LHCTIZOSHZ LB REE), « Q=+1
-> fHIEIANETE, 2FD. HEiB57"0S-SS"(E W
M;>50GeV (W dominant region)hb RiE+1 3, d v
o ZDthDBGIIMChHBEE 5 "0S-SS"ZRIEL S,
d Q=-1/3
BLAILIESSIRY FZDED, §
(QCD, WO—E, ZDHhDBCH—ERHA>TINBEIRE) & jets 8
Bkg Bkg W+jets Z+jets Z+jets other other

Nag (Myis) 5 Ngg 'mv'is}+k1ri=’—_ietx'nsg (Myis) T¥lng l'mvis}'_ﬂss (Myis)+Hog (Myis)—Hgg (Myis )

WoE#s EDDBCO#EE S (with MC)
- HWIEERETIhDb,
- ShapeldMC,
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SS method for QCD+"W+jets” (2/2);

[1] QCD 0S=SSHF 1YY
— Low MET region(QCD dominant)hb&E H ,
0S/SS=1.16+-0.04+-0.09 == 1[CAVI ATV,
[2] WD#E i@ 5
— M;>50GeV (W dominant region)hb R+ 3,
kW+jets = 1.43+-0.15

150
100

[3]%\:&% :II',I"'llllIIIIIIIIIIIIIIIIII_ (7] —|||||||||||||||||||||||||||||—
1-‘* lr,+jets e+ channels —4— s -2 350F In+jets e+ channels —— da
“ 350__ A{120yHh— rx, tEng=40 b — r A1 20V H B a4
LICJ C o I b0 1200HD—r, tang=40 Lﬁ o I bbA 20V HR . ln-qs-.-:l
C ATLAS Preliminary B2 ziiketsiosss) 300'_ ATLAS Preliminary g3 21w Josins-ss)
r Others{05-55) B Ohanl0EE5)
300 C W-jets AddCn Wajats AddOn
- Same Sign ‘Eama Sign
250 W et 250 st ayat,
r >
g 200 2 =
200 \[5=7TeV, | L=36pb’ \s=7TeV, L =36ph "

i
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50 l- ‘-.‘ o
B
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i '
peee
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=
IIII|IIII|IIII|IIIIIIIII|III
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1‘}II|IIIIIIIII|IIIIIIIIIIIIIIIIIIII
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20 40 60 80 100 120 740 50 100 150 200 50 300
M-*PMET [Gev) M., visible [GeV]
F—AIIBG expectationlc£{—ELTL\B,
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Result (1/72)

o FTRTOAYFMEOMrr visibles

$12ﬂ—|llllllIIIIIIIIIIIIIlIIIIIIIII—
2 - I +jets esu channels —— dam .
.E- n B A A0FHB T nfedD
B ] I b1 200 Hh— =40 ]

L 1'”'['_ ATLAS F:'FE.“”H"III'I-E!.W T il sJets(DE-55) n
i Oehars(E-55) T

i Wjats AddOn ]

Same Sign

Bﬂ_— At myst - :
sok \s=7TeV, J L=36pb" ]
20 —

: - ] : ik iui:_ :

50 100 150 200 250 300
M_. visible [GeV]

2
3

« T—73(IBG expectationhbDKEL e

excessldizly,
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BARYE

LA A

RifigrE=(D—0)

Sources Uncertainty
Same-sign component {nggg}

Same-sign statistics 17%
QCD OS/SS ratio roep 19%
Add-ol_l component (K jets - n:;“"}

Add-on statistics n:;_y . 4%
Kw +jets statistical error 11%
My dependence of ky e 10%
Acceptance from simulation
Renormalization and factorization scales for 11 1.7%
Scales, PDF and MLM matching scheme for Z+jets 12.5%
Electron efficiency 1.8-7.8%
Muon efficiency 2%
T efficiency 4.1%
Electron energy scale 0.7-2.5%
Electron energy resolution <1.2%
T and jet energy scale 1.4-31%
Luminosity 3.4%

SSARY FOIEFTRRENFLERELY,
QCD OS=SSOZRMRENDHE ... ARHF

Tau/jet energy scale ... <& TaulcDL
st FE B ET B, (Winter conflRHICED
Thol=.)



Result (2/2)

e my-tanBEE CLIMitZHE H,
— CLs+b PCL (Power constraint CL) ... ATLAS Higgs WG TIE£ (GERD R HN)

— CLs ... conservativelz RFEED,

Tevatron combination

/ [dm,=200GeVETLH
RESNTUVELY,

ZDATEENRKEVNESD.,
SignaleD 7 BN T Tz,

30}

My~ ,LI}UE
EIE]TE&'E]IEI‘IIHB—EEE}'] ]

T LEP-2
+ Chzarved (Cls:b, F‘GL:I-

r \J'E_?Te‘l.f _[L Spr — Obsarved (CLs)
..... Esxpacied (353010

1*3I ATLAS Preliminary m=-%

:h-ﬂu ]
mﬂ?f G e e
1Dﬂ 150 200 250 300

m, [GeV]
Low m, regionZBRLVC. World best limit
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c3d)

e 20105 ®M36.1 pbl7—AZALVT., H->t1->hiRRZI1TOI,
— 2%F%EMBG estimationZBAF L=,
e Z->ttFH®Membedding method
e QCD+"W+jets” HDSS method
— MSSM HiggsD JkixlE Ronah -7z,
— my-tanBEE CLimitz&E H -> Low m, regionZfRL\CWorld bestiG#fE R =57,
e FXE

— MSSM ... lIi/hh-channel: &0 2912 ATLAS Prellmlnary (Slmulatlon) -
- MSSMO#ELT . trCEAMEH = b A4 | B - et o SRSV fe-aob o oV / .
[ZSM HiggsEEZ1T I, 2 ~-A1 95% OLVB=7 Tov-- Pt s cLys=a v [
-« E(200-500pb)FETIc S 8 . ' 2
AXBEREETFE. 3B /
. HiggsiERDEE (all channels) 5
— 2011% ... 1-3fblDF—4 4
e >130GeVEbhIkiEN >
RZ23%! - g
— 20124 ... CMSEENHE f00 120 150

FRTDEE T AR ERE !
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