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Introduction

e SM very successful theory, description of three of the four fundamental forces

e One component missing: Higgs boson as quantum excitation of the Higgs field

e Higgs field: Property of space, scalar and isotrop b,
e Fermions get mass by interacting with the Higgs field (SM predicts massless fermions) P- Higgs
e Still hypethical, proof missing. Discovery would be great success

e Direct search (LEP) led to exclusion limit of m,, > 114 GeV. Theory predicts m_ <1 TeV

Standard-Teil

hen SUSY-Teilchen

SM has some problems:

e Dark Matter

e Fine Tuning

e Unification of couplings Gome @

Die bekannte Welt Eine neue Welt ?

SUSY solves those problems! However, more paramteres are introduced (105).

No SUSY particles have ever been found

= SUSY must be broken symmetry with mg_ .00 >> Mpgice.

@ » Minimal SUSY Model: MSSM.
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Higgs Sector in the MSSM

« 2 Higgs doublets» 5 Higgs bosonsh?, HO (CP = +1) A° (CP =-1) H*

* Tree level decribed by only two parametens; tanf3 = v /v, v 2+v 2= V2 SM: tan[3=1

< _ _ < limit! B
m,, < m, but large loop corrections increase this limit a = mixing angle between h and H

t b/t W/Z
cosu/sinB | -sina/co | sin(@-P)
sina/sinB | cosi/cofd | cos@—P)

[Couplings: Ghssm = € sy }

Additional parameters:

> T o> |m

X, Stop mixing parameter

Mg, sy Energy scale of SUSY breaking coB ta;ﬁ
M,  Gaugino mass at EW scale .
M Gluino mass at EW scale h/A/H — 1t enhanced if tgbilarge I

L Strength of SUSY Higgs mixing h/H = ZZ" suppressed

: . : A does not couple to W/Z
All parameters except tar3, m, fixed in benchmark scenarios: P

m,,max m, < 133 GeV, maximum allowed mass fort» m,m@*considered here
nomixing: m, < 116 GeV, no mixing in stop sector
gluphobic: m < 119 GeV, suppressed gg fusion Carena, Heinemeyer, Wagner, Weiglein
@A smalla: m, <123 GeV, suppressed ttbar h;*rbb Eur. Phys. J. C26 (2003) pp. 601-7
A
8 L
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Signal Production NLO
gluon fusion b-quark associated production Cross sections (14 TeV): _
) ; g b g 5 tanb=20
VU S ’ o m, / GeV Oppy Oppa
L 150 95 pb 103 pb
g ’ b vy b 200 39pb | 40pb
P P
: 300 9 pb 9 pb
Dittmaier, Kramer, Spira Enhanced coupllrlg to
Phys. Rev. D70 (2004) 074010 down-type fermions Harlander, Kilgore
Phys. Rev. D 68 (2003) 013001
Signal Properties = Opppiia - tareB
5. Heinemeyer, Feynhiggs Natural width Mass degeneration
BR h/A/H — 11 S of Daf— m e
c () 4;:11:A O [ m, [GeV]
E o = s Qus: 1, =" tenp=20 ;
1 il 20 GZZ: mj, = 130 GeV £ 3001 =
009 L ~ r .
%0-08 12: 2002— 3
m 0_072 N 1002— / _
0-06:\\|||\\‘\H\‘\\H|\\|||HH‘HH‘HII‘||H\\H i “5 10”I1520253I0”55t4ao.rgl 0:‘ “HOIUII I‘20‘0‘II I360I I‘:40|0II IISO‘O‘;
m, / GeV m, / GeV
A ~10 % for low m Irrelevant for h/A/H — 11 = Add up cross sections
T A due to mass resolution
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SM and MSSM Higgs Production

__ (@ LHC Ns=14.0TeV, SM Talk by R. Harlander, Ziirich ‘09
._q -
u- -
B 10t Belyaev et al. ‘05
103;_ (b) LHC, s =14.0 TeV, MSSM, tanp=10
: g
5 10
10
10
10
1L
90 100 200 300 400 P
Mhsm (Geb:] 10 3
b-quark associated Higgs production _EE |
dominant production process in the MSSM 10
90 100 200 300 400
M, (GeV)

» By applying a b-tag, gluon fusion signal negligible
¢
S
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The ATLAS Detector at LHC

Muon Detectors Tile Calorimeter Liguid Argon Calorimeter

* 46 m length, 24 m diameter
» 7000 t weight

* 3000 km cables
Sy

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Luminosity: Trigger:
1033cm? st (10 fb! per year @ 14 TeV) 10° Hz = 75 kHz= 100 MB / s storage

@A
s
L
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Taus - Querview

Tau Decay Modes:

® 35% leptonic (T 2 evv /T~ LVWV)

® 65% hadronic (T = v/ T~ 1TV / ....)

e Probability that tau-pair decays fully leptonic
only 12 % (leplep)

¢ [n 45% of the cases one leptonic and one (Plot from Artur Kalinowski)
hadronic decay (lephad)

¢ In the remaining 42 % both taus decay hadronically (hadhad)

Hadronic tau in the Atlas detector: Sources for fake taus:
e Collimated calorimeter cluster e QCD jets

e Low charged tracks multiplicty e Electrons

e Displaced secondary vertex e Muons

= Combined reconstruction in calorimeter and tracker

nr»r-»
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Higgs Mass Reconstruction

Collinear Approximation

~e/p Conditions:
1/"
Ve
i . ¢ Higgs mass large compared to t mass
e g, ¢ Higgs boson has non-zero p;
h/A/H <, P e Ay ) .
p ® p; ..., iN the detector due to neutrinos only
T,miss ’
T 5
X =pr, [ Pr;
O<x«1
310°E ®
g f 7
1045— 6
i 5
1035— 4
- 3
102§—
c 2
10;— 1
E i 0402 0 b2 0406 08 1 dsda O
1§|| |||||||]mm|||| .X1 AD
05 el Lot anclepton” Truncate events to those with I
@# physical solution. Approximation unstable at A®=TL
L
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Higgs Mass Resolution

m_, shape in A/H = 1T — leplep Mass resolution:
Emoo;' s L [ wwancey . ® Very ,challenging® m,/ GeV | o/ GeV
1400:_ — Gaussian fit E H
2 o 1 resolution 110 21
L1000~ o-2u6cey | ® No chance to separate 200 33
L%’ 800~ < the Higgs bosons
600~ = 300 52
0 E 800 ~ 100
200; , -
%50 700 150 200 250 300 . .
m,, [GeV] Another issue: Mass shift w.r.t. true mass
24500
Q - —m, ]
> 300 T T T T T :!8 ;*- 400;— e 10 TeV —;
_: 7 . E - E
1l = Mass resolution 3 30F [ Tey g
B[S deteriorates 3002 E
] 2505 =
4 : 2005 =
1" (leptons back-to-back) - . N
E| § 1501 // Fitted position -
B = High-energy tail 1005 << of the peak 7
Cov v b b b by 1T . oo vy by b b by b by 1l
20 2060 80 100 120 140 ° inm,, 100 150 200 250 300 350 400 45
pT,Higgs / GeV my | GeV

Ongoing studlies in the Helmholtz m,, working group
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Signal Topology and Background Processes

Signal Topology
e two high p; leptons (leplep) or 1 high p; lepton and 1 high p; tau jet (lephad)
¢ (true) pT,miss

o (true) b-jet(s)

Relevant Background Processes (xsecs for 14 TeV)

~
e QCD (up to 23 500 nb)

o Wijets (20 045 pb), bbar W (111 pb) > Reduce them strongly with b-tag
o Z(—1T/ee/up)+jets (2 036 pb), bbar Z (52.3 pb) D

e ttbar (833 pb)

e
1 5 V\’/_T’L.Z{i—Y
+ Sleye[egere] <
u Cl _____Z_O_____ T t b
A 3 vl t o
Sfsxarsfsle] S
2 4 W
graph 1 T
V

@A
.
L
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Event Selection- LeplLep

We search for Higgs masses from 110 GeV up to 450 GeV.
= Selection needs to be Higgs mass dependent to exploit the full potential of ATLAS

nr»r-»

T | T T T T
ttbar

—— Ztautau

— Zee

— Zmumu
— Wenu
— Wmunu
—— Wtaunu
—— bbA/H300

10"

102

0 50 100 150 200 250

T T | T T T T T LI T T T | T TT | T
tthar

i ;tautau ’
L |7 Zee
10 F —— Zmumu

— Wenu

— Wmunu

: — Wtaunu
—— bbA/H300
_ew
ﬂﬂml 1 | 11| 1 | 11 11 | 11 1 | 1

1 | 1
0 0.5 1 1.5 2 2.5 3
Ad,

Trigger: Single or di-lepton triggers
(eg. mu20, 2eits5, ...)

Select events with a physical solution to
the collinear approximation

Suppress most of backrounds by b-tag
(Of course there is a mistagging rate!)

Discriminate against W and Z by
requiring pTmiss and high pT objects

Select event with back-to-back
tolopogy. Cut on m,,

Reduce ttbar by cutting on events with
low jet multiplicity.

S/VB analysis to cut at best value.
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Results @ 14 TeV - LeplLep

S “ ] S soE
0] - BWH- . [0) - ATLAS
O 60:_ Bz _: o B N
L0 - Z—pp ] Q 50 E
~ 50:_ [ 1Z—ee E ~ C ]
é C ttbar . é 40F 3
c 40 B W+jets c C ]
.0 C ] .0 C ]
S 30F ATLAS - S 30 E
@ F 110 GeV 1 »w L tanp=20 .
4 200 Mp= eV g 207 my=160 GeV
S - tanp=20 . S C ]
© 1of b E O o -
0: : : | | [ . | ] L1 l:
0O 50 100 150 200 250 300 % 50 100 150 200 250 300 350 400
m., [GeV] m,; [GeV]
PPN DL B L L B L I B
< S0rATLAS L —~ WHow ] _
O [ 2300 GeV Wz At low m,: Z = 1T — leplep dominates
8 40[ (.. AT
= - tanf=20 i, . .
a ] Higher m,: ttbar dominates
s 30¢ -
8 : WH+Jets and QCD under control
w 20 ]
7)] L i
n L ]
e - e
© 10‘_ ! MC statistic smaller than
; expected real data statistic with 30fb™.

T I -
100 200 300 400 500
m.. [GeV]
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Systematic Uncertainties - LeplLep

Electron efficiency + 0.2 %
Electron E scale + 0.2 %
Electron resolution  o(E;) = 0.0073 E;

Assumed uncertainties for 10 fb~!
(1 year running with 1033 cm, 14 TeV)

Muon efficiency +1%
Muon p; scale *1% Impact on Analysis in LepLep:
Muon resolution o(1/p;) = 0.001/p; ® 0.00017

ttbar 50%-7% )
Jet energy scale + 3 % (10 %, Inl>3.2) Wilets 5% Experimental

Jet energy resolution o(E) = 0.45 VE (0.63 VE, In|>3.2) bbh/A/H 5%-99% [ only

b-tagging efficiency +5 % Ztjets 3%
b-tagging fake rate +10 ©
agging fake rate +10 % (14 TeV, 30 fb™)

Tau Efficiency +5%
Tau p; scale +5 % Only LepHad
Tau Resolution o(Vp;) = 0.45 Vp,

Large uncertainties on signal cross section (5 % - 15 %)

Large uncertainties on Z, ttbar and W cross sections (= 10 %)

@ = This demands for data-driven background estimation procedures

nr»r-»

Search for b-Quark Associated MSSM Higgs Decaying to Tau Pairs 14/ 23



Discovery Limits - LepLep Channel

Up-to-date LepLep results on fully simulated MC with NLO cross sections. m, ™ scenario.

50 Discovery 95% CL. Exclusion
%,_60_...,.‘.%..."....“‘...',....‘ ] %:_60_'-|""|""|'-'-wH-|""|.,'.""_
& [ ATLAS \s=14TeV,30f' ] 8 | ATLAS \s=14TeV, 30 ft' !

SO0 bb hHIA 5Tt 214 4y E S0 pb hHA—T— 21+ 4y Z
40;_5 c Discovery _; 40;_ 95% CL. Exclusion _
30f . - 30F .
- mp'® scenario - 1
C . - m'®* scenario -
200 Exp. Systematics only 20[ " E
T . ] C Exp. Systematics only ]
104~ +10%(tt) Uncertainty - 10;—_ ----------------------- +10% oftt) Uncertainty
B Theoretical Uncertainty 7 - Theoretical Uncertainty
e b v b v b b b e by Lo b b by b b by
077450 200 250 300 350 400 450 07"950 200 250 300 350 400 450
my / GeV m, / GeV

ATLAS Collaboration, Expected Performance of the ATLAS Experiment,
Detector, Trigger and Physics, CERN-OPEN-2008-020, Geneva, 2008

e Large parts of m, - tanb plane covered with leplep channel alone!

e Expect improved results when combined with lep-had (had-had) channel

nr»r-»
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Work in Progress - Analysis in LepHad Channel

e Due to larger branching fraction expand search up to 800 GeV
e Expect large contributions from W+jets and QCD due to tau and lepton fakes

e 1ight tau and lepton 1D
o 11 (use full detector info and requre isolation to other objects)
— Zee E .
—zmm |1 atleast one b-tag (vs. Z and W), less then 3 jets (vs. ttbar)
— Wenu -
Tman Small m; (vs. W+jets and ttbar)
— Wtaunu 7
—bbAM300 |
1k — bb J1-J6 E Large pT,miss (VS. QCD)
h ity 1 p;of the tau (vs. QCD, W and ttbar)
_-'-_!E-.:”;JL"._E::—“::_E:i___-—____—___
60 &0 100 120 140 160 180 A between lepton and tau (vs. W and ttbar)
C ': 25— IR IR L UL B L DL
160 - - m,=450 GeV, tanf=20 |  tthar dominant
ok \s=14 TeV, 30 fb”" - \5=14 TeV, 30 b = [T 1
i my =150 GeV, tanp=10 7 20|~ o ot 1 background for
1200 [ Erram— : B v | highm
1001 B Wostauny i 151 g e i A
80 — = K:::‘Lnu H : |:| Z—tautau :
; I:l Z—mumu E 1 0 __ |:I ttbar>Wwbb i
60:— B 2o s - [ bbAH-s ]
40;_ %i;&:mbb é 5:_ _:
20F B oo . - = Note in preparation
%100 200 300 400 500 600 700 800 900 1000 0~"100 200 300 400 500 600 700 800 900 1000
m,, / GeV m,, / GeV
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Z — 1T — leplep Estimation from Data

e There are many methods to estimate the shape of Z — 1T from data:

e Muon momentum rescaling using 3D reference histograms in Z = 1T — U (Bonn/Dresden)
e Electron cluster reweighting in Z — 1T — ee (Dresden)

e Embedding of (all kind of) T decays into Z — U events (Bonn/Freiburg)

= Obtained m_, shapes could be used by input to a mass fit

e For a counting experiment we need to know the total number of Z — 1T events in a
possible signal region:

Weight MC Z — 11 event number with ratio of Z — p1/ee event number ratio
(MC to data) to become independent of MC lepton acceptance predictions.

SidebandDATA

ignal, ignal, #(Z - :u:u)l
#(z - T - pu)™® 'DATA=;#(Z N Y7 e = 4z - #ﬂ);i_debandmc

1]

e All these methods use Z — ee and/or Z — U data events from a sideband region
(sideband = signal free)

@A
.
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Z — ee[Z — UM Selection as a Control Sample

Cuts: Trigger (mu20 or 2e15, e25)
Miggiep (75 ... 100) GeV
# Jets < 3 (vs. ttbar)
>=1 b-tag (vs. W+jets, ggH, ..)

-E F T T | T | T ‘ T T | T T T ‘ T TT | T | T 1T | T T |:
m [ ATLAS - < pa— .
—~ Y ) i Z—11T -
a . —— Ho1t (130 GeV)
c100E " AEL~ | | s ith =
Q c ar -
> L :
m — ]
10_2 E_ e :.-\.---th‘"i..il ---- _E
10° AL E
:\E TR T B | T : :
0 20 40 60 80 ’IOO 120 140 160 180 200

Dimuon mass [GeV]
Example, ee channel:

m,=130 GeV, tanb=45, 1 fb-1
18 K Z— ee events, 490 ttbar events

-
=2
o

-
L]
4]

#(Z—leplep) in Sideband

10?

#(Z—leplep) in Sideband
=

Event VYield in Z — ee/u Sidebands

:_ | | IIII| T T IIIIII| T T IIII_:

C 14 TeV

= xsec = 2 036 pb 3

:_ —+— ee channel 14 TeV _:

§ —s— pup channel 14 TeV §

il Lol | Ll L1t
102 10 1 10 102

:Illll T T IIIIII| T T IIIIII| T T II|

- 10 TeV

= xsec =1357 pb E

= —+— ee channel 10 TeV 3

E —e— pp channel 10 TeV E

;III' III| IIIII 1 1 IIIIIII 1 1 IIII:
102 10" 1 10 10?

Integrated Lumi / fb™

@4\ = Sideband purity 97 %
L
A
S
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ttbar Estimation from Data

e We cut on the number of jets to reduce ttbar background = #jets < 3, with jet p; > 20 GeV

e Statistical significance is better if 2-jet bin kept in analysis

e The other backgrounds are agressively reduced by kinematical cuts (p;, m, A®, ..)

O-Bi_llllllllllllllllll|||||||||||||||||||||||_L
B ttbar
0.5 — Ztautau -
. —+ Zee
0.4 —— Zmumu 7
C —+ Wenu
0.3 —
- —— Wmunu
0 2:_ — Wtaunu R
E —+— bbA/H300
0.1F =
0_|| i | - 1111 1111 1111 1 |%ﬁl I T ||||||||||||
5 6 7 8

Two Methods are being studied:

0.5

0.4F
0.3f
0.2F

0.1

ttbar
— Ztautau
—+— Zee
—— Zmumu
—— Wenu
—— Wmunu
—— Wtaunu
—— bbA/H300

We use ttbar Control region to get information on the njet distribution from data

1. Measure ratio of 1 to 2 jet bins in signal and control region to calculate number of tt events

2. Use full njet distribution from control region and normalise to tail of njet distribution in
signal region to estimate Nttbar

@A
.
L
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ttbar Estimation from Data - Control Sample in LepHad

CutS: ?OOO_I_I | T T TT T T TT 7T T1TT T 17T T T TT 7T T1TT | 7T T1TT T 17T T I_
e pTmiss > 100 GeV o _ 6000;_ ; EE:’HSDD _;
Wrjets irreducible. n B Ztoutau .
e mT >50 GeV Small bias of the  9000F B Zee ~
e pT,lep > 40 GeV njets distribution. }DOBE\‘ ; f;g::"‘” _i
e pT,tau > 50 GeV 3000F- — = I‘J{;ﬂ:ﬂ e
_ N B bb J1-U6 3
® taulLH>-10 20001 m,=300 GeV E
g tanP=45 ]
Control region event yield: 1000;‘ 30 fb-! _|_|_M
E T '| T . — T | U_l | | L 101 | | L 11 1 | | I | | L1 11 | L 11 1 | | I | | | I | 1 H
i_f U Ty 0 1 2 3 4 5 6 7 8
% 4 4Tev #Jets
S ttbar 22 716 95.4 %
®
2 10 E W-1v 910 3.8 %
- W-1v 51 0.2 %
102 =
s : Z—-1t/ll 42 0.2 %
bbJ1-]J6 25 0.1 %
10 Lol Ll Ll .
10" 1 10 bb H/A 68 0.3 %
% Int. Luminosity / fb
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ttbar Estimation from Data - Results in LepHad

80
70
60
50
40
30
20
10

U |

1

<«

Signalregion

II|IIII|IIII|IIII|IIII|IIII|I'—

m,=300 GeV, tanB=15, 14 TeV 1

— tthar

B bbA/H300
B Ztautau
B zee

b Zmumu
B Wenu
B Wmunu
S wtaunu
B bb J1-J6

Needed for
—>

II|IIIIIIII|IIIII

=

1 2

3 4

5 6 7

8

H#Jets

Result in mass window (200-400 GeV):

ttbar in data, signal region: 87 +/- 9

MC prediction:

85 +/- 9

Exp. Stat. Uncertainty: 10.6 %
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#jets=1 || #jets=2
Tight tau & tight lepton
At least one b-tag

<+«— m;<25GeV

pTmiss > 25 GeV

pTtau > 50GeV
3.0> AP >24

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Distributions

normalized to
bins with 3 and 4 jets

'

o

m

, =300 GeV, 14 TeV

—e— Control Region
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0 b

-

1 2

3 4

e
o)}
-~
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!

#Jets
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Prospects for First Data

e Expected Events in 200 pb™ with 10 TeV after cuts: L. Nisat;, talk at Bonn ‘09

e Hundred of thousands of W (— | V) +jets
e Tens of thousands of Z (— leplep) + jets
e Several hundreds of ttbar = WWbb — lephad vv bb

= Possibilities given for important background studies.

e H/A — 1T Analysis cannot be applied ,as it is* to first data but has to be adjusted!

= Loose object selection, no complicated highly tuned cuts

e General First Data steps:

e Understand lepton trigger and lepton ID
e Understand hadronic tau reconstruction and tau fake rate

e Learn about jet reconstruction and b-tagging
e Reconstruct Z — 1T and ttbar events and try to apply background estimation procedures

e A low Higgs mass signal at high tanf3 could already be seen if systematics are controlled

@A
.
e L
s  Search for b-Quark Associated MSSM Higgs Decaying to Tau Pairs 22 /23



Conclusions

The MSSM channel bb h/A/H — TT covers almost the full allowed mass range.

Open issues and next steps:

e Finish 14 TeV study in the lephad channel before first collisions (note in prep)
¢ Understand m__ shifts, esp. by comparing to other channels and experiments
e Move the analysis to first data @ 10 TeV:

= Adjust selection

= Update the background estimation procedures

A possible early discovery in this model and channel is constraint by:

e The performance of the Atlas detector with first data

e The unknown theory parameter tanf3

@A
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SM Higgs Production Cross Sections

I i lirrres
10 cpp—H+X ] ] N
\ " Vs =14 TeV -
B gg — H @NNLO : 151083
10 F 5;:__10& : NLO / NNLO = e
£ ; | f!f{-—
1 . T:‘: s
XR%R - J |-__.|-—‘
i - i : g
1 e S o .
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10 3 STl 88/q0 — fiH (L) _
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Z — 1T — |l Estimation from Data

Estimation of irreducible Z — 1t background from data

 Selection ofZ — pp events from data (sideband) fgé preliminary
with 98% purity 8oz 1 ‘” )
05
o
* Alter 1 energies and momenta according to 02
Z — 11 reference histograms (MC, signal region) 80
(Martin Schmitz ,Old Bonn Method") o 5 70 0
o] )40) /G 2010 ; 5 30 30 40 e\[\
: oL, = ° E (cos0)<®)
* Apply cuts to manipulated 2 pu events to 7
obtain correct 2 tt shape l
c - \ I T I 4
2 TS n o F fimi E
£ — ATLAS - — 03[ preliminaryaTLAs -
- 4 L) C _
510_1* L. - Ztrsee+dy il Shqpes of %0.255— ------- Z—uyu altered _E
N e Z—TToUu+Y other leptonic 0 0.2F e Z Tty
© ] C ' ]
= 1. fotoenrdv T channels 0.15F- =
2 +++ " sh - -
L%’ ‘F—F_'L__H_ shape 0.0 | . | =
T T T T T T T T T T T T T A SO BN A 0: .uE_IT—I_T\_\\\\ Y ] b I..\\:
0 100 200 300 400 500 600 0 50 100 150 200 250 300
m,. [GeV] m,. [GeV]

A
T
. L
A
S

Search for b-Quark Associated MSSM Higgs Decaying to Tau Pairs



Z — 1T — |l Estimation from Data

e 2D binning in p; to avoid difficulties of p;
dependent acceptances, turn on curves etc

e Lepton p; spectra very different between sideband
and signal region

e Calculation only in non-zero bins in overlap region
of p; spectra

#(Z IT o 'u'u)SignaI,DATA Z (Z SIT o ,U,U)

~ 80¢ ls
Q r ]
What we want O 70° ZotsuuMC 251 15
. C 50 -
(see next slide) Iat: A,
Q. E ]
@ 50¢
X =
© C
3 %0 m ™ El=?
ER ST B |
2 100 - E
Q E | ol b by b by
%10 20 30 40 50 60 70 80 °
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Search for b-Quark Associated MSSM Higgs Decaying to Tau Pairs



ttbar Estimation - First Method

Assumptions:
¢ One keeps the one-jet (N,) and two-jet bin (N,)

e One understands the Z — TT background in both bins (important for lower masses)
(eg. use data-driven method to estimate expected number of Z — 1T background)

e One supresses or understands other backrounds (W+jets, QCD)

= Only left with ttbar and signal in the Higgs signal region
Use information from the two jet bins to estimate number of ttbar events

All events in 1 (2) jet bin: Introduce jet ratios:

N, = N1Higgs+ N1ttbar Vhiggs - NzHiggs / N1Higgs —» Take from (well tuned) MC

N, = N Higos 4 N ttbar ) = N, ttear [ Nttbar — —> Measure in control sample

(+Vyp00) © (NV

Higg;Nz) N, and N, measured in signal region
Nttbar -

Vhiggs~Vitbar —» will not work if V vV

Signcul= Background

Do this calculation binned in m__, (if statistics allows) to obtain ttbar m_. shape!

By using this data-driven approach we avoid the large uncertainty on the ttbar xsec.
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LeplLep Channel Results

Signal region cuts in backup.

Comparison V,,, . signal and control region:

:::--E Gf— ~$~ Signal region é_ Does not look so great

5_ —4— Control region e e _ Does not look so bad, except for a few bins.
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