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Outline

nat have we seen?
nat do we know about the new particle?
nat do not we know about the new particle?

= ===

ny do not we see it in the bb and tt channel?
Could it be a Fermiophobic boson?



What are we seeing?
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What is the difference for ATLAS and CMS?

->po measures the compatibility of the data

with the NO-HIGGS hypothesis.
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->po measures the compatibility of the data

with the NO-HIGGS hypothesis.
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Signal strengt
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Signal strength (u) =
(signal rate from fit to data) /
(expected SM signal rate at given m,))
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Three most sensitive channels
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Projection for signal strength

* Projecting signal strength per
decay mode

 Showing 10/fb at 7/8 TeV and 300/

fo at 14 TeV CMS Projection
T 1
. Expected uncertainties on 100" st 57 and 8 Tev —
» scale signal and background Higgs boson signal strength e 's f-reior |
cross section e —
» systematic uncertainties Hovy ——————
unchanged or w/o theory H—s 77 lr y
uncertainties o S } L
» analysis strategies are not Hott H
optimized H-bb
* 5-15% uncertainties with 300/fb 0.0 0.5 1.0 1.5 2.0
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What do we know about it?
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t appeared in the SM Higgs searches
ts mass is around 125-126 GeV
t is a boson

— There is no way that a fermion with an odd spin
produce just two bosons

t is not a spin one particle

— You can imagine a Higgs producing two photons with
opposite spin giving you a cero spin particle, or having
both same spin and giving you a two spin particle. But
there is no combination possible for one spin particle
without an extra particle.
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Benchmark: SM Higgs production

Gl fusi t ; Not jets in the event or jets that
uon tusion t CH o
(dominant at LHC) do not satisfies the VBF tag

1

forward tagging jets
d N
1IN
» 0
o
A1 |e
A
74

Higgs decay products

Vector boson fusion

HO

Associated

oroduction with Z/W Higgs decay plus a W/Z decay

6080060000

Associated production
with top

o A Higgs decay plus a tt decay




Table of SM Higgs Searches Categories

Channel Mafgx?ge "‘[‘;'I‘;;r L‘[‘1",‘fil;1]2 Topologies | oF VBF VH ttH
H- vy 110-150 5.1 5.3 incl. + VBF
Ho T 110-145 4.9 50 | Oet*VEF
H - bb 110-135 5.0 50 |WH=+2zH+ttH
H=>2ZZ - 4| 110-600 5.1 5.3 inclusive
H->WW-=22v | 110-600 4.9 5.3 011\/{/"’: * ;ﬁF
H=2ZZ - 212v 200-600 5.0 5.0 0/1 jet + VBF
Hozza2zq | s0e0 | 49 | - | odzbtags
HoWWolga ! 20600 | 49 | 54 | inclsive
H H H . .
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. Expected signal and estimated background
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SM Higgs Searches Categories

CMS

* VBF signature forward tagging jets
Ny
T

HO ./. .\'\ 0
A1 |9

WW, ZZ fusion ™9 7 s
Higgs decay products

* YY, TT, WW channels deploy VBF signature
» Z2Z(4l) has very low signal yield

* bb is challenging and work in progress
* increases sensitivity and allows coupling measurement

* three analysis deploy quite different strategies

, . . . gluon fusion
Channel | Technique Variable Jet kinematic cont. at 125 GeV
cuts, 2 .. . .. j 0 0
H=yy categories m(jj), An(ij), Ad(H.jj), Zep. | pT >20 (30) GeV, |n| <4.7 53%, 23%
Hotr | mva | ™D AnG), AnHi), AS(WH), | S5 30 Gev, nj < 5.0 ' 20%
pT(rT), PT (i) P n
H->WW cuts m(jj), An(jj) pT >30GeV, |n| <4.7 15%

* diversity result of independent development and optimization, but needs
investigation!
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ATLAS SM Higgs Searches Categories

Decay Sub-channel | Nops | (NB) | {Nggr) (Nvpr) {(Nwwu) (Nzu) (Nun)
low-pr1: 7013 | 6820 138 6.3 3.1 1.8 0.4
Hs yy high-pr, | 320 | 291 | 140 29 18 10 04
2-jet 36 24.2 1.3 34 0.0 0.0 0.0
H— ZZ™" > 4¢ - 14 5.4 5.6 0.5 0.1 0.1 0.0
0-jet 667 | 573 75.3 0.8 0.3 0.4 0.0
H— WW® S fvey 1-jet 183 141 16.7 1.7 0.3 0.2 0.0
2-jet 3 3.7 0.3 1.3 0.0 0.0 0.0
0-jet 9277 | 9305 17.6 0.6 0.1 0.3 0.0
H — 11~ 1-jet 393 | 406 3.6 1.0 0.1 0.2 0.0
2-jet 22 28.2 0.3 09 0.0 0.0 0.0
VH 164 152 0.7 0.1 0.2 0.3 0.0
H — bk ZH 322 | 321 0.0 0.0 0.0 4.0 0.0
WH 1266 | 1311 0.0 0.0 11.1 0.0 0.0
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ATLAS SM Higgs Searches Categories

Nobs Excess (Ngr) (Nver) (Nwr) (Nzu) (Num)

Decay Sub-channel
low- PTt 7013
H-vyy high-pr; 320
2-jet 36
H—ZZ® - 4¢ - 14
0-jet 667
H—> WW® o fyey 1-jet 183
2-jet 3
Ojet | 9277
I-jet 393
H—orr 2-;et 22
VH 164
’ ZH 322
= bb WH 1266

193
29
11.8
8.6
94
42
-0.7
-28
-13
-6.2
12

1
-45

138 6.3 3.1 1.8 0.4
14.0 29 1.8 1.0 0.4
1.3 34 0.0 0.0 0.0
5.6 0.5 0.1 0.1 0.0
75.3 0.8 0.3 0.4 0.0
16.7 1.7 0.3 0.2 0.0
0.3 1.3 0.0 0.0 0.0
17.6 0.6 0.1 0.3 0.0
3.6 1.0 0.1 0.2 0.0
0.3 0.9 0.0 0.0 0.0
0.7 0.1 0.2 0.3 0.0
0.0 0.0 0.0 4.0 0.0
0.0 0.0 11.1 0.0 0.0
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Table of SM Higgs Searches Categories

Channel Ma;’gx;‘ge "‘["1"/‘;;1]1 L‘[‘1",‘fil;1]2 Topologies | oF VBF VH ttH
H- vy 110-150 5.1 5.3 incl. + VBF ) ) - -
H- T 110-145 4.9 so |YUEVEFl © | © © -
H - bb 110-135 5.0 5.0 WH+2ZH + ttH| - - ) ©
H>2Z -4 110-600 5.1 5.3 inclusive ® . . .
H->WW-22v | 110-600 4.9 5.3 011\/{/"; ! \éﬁF © © © -
H-2ZZ22v 200-600 5.0 5.0 0/1 jet + VBF ) ® . .
Wozzoozg | s0e0 | a9 | - ommbiagsi © | - G - i -
HoWWolga! 20600 | 49 | 54 | moswe | © | - | - i -
bmemem e —————— R I H— R R HE— R HE—
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o Start from best knowledge of SM Higgs cross section and branching
fractions

¢ Derive scale factors

Production modes Detectable decay modes Undetectable decay modes
O gaH CQ(Cb,Cg,mH) l'ww Pe _ oan _
—5) ={CS rer = Cw p = e =G
99H g i I‘d iy
OVBF 2 I'zz 9 299 _ TggH
Eoes: fait TR (& ,C 3 e == W SM SM
ohk ver(Cw, Oz, m#) r3% = I‘Iga T9gH
OWH Pww _ o Ty 9 —2 _ 2
o = e = Cw o = b rt =
WH ww bb [ss
oz _ Tzz -2 |y sM ~ Cy
o5 = Tam =Yz o = Or o
oZH 7z re T 2
TtH _ 2 Iyy _ [ C3(ChCi,Cw, T ’
a5 : SM CZ
tt 1= h
Tzy ~ C¥ Total width
Pg,YM PH - CQ(CHmH)

* Analyze scale factors in benchmarks




* Observations originate from a single particle

* Use zero-width approximation

* Consider only modifications to couplings strength. No modification to
tensor structure, i.e. assume CP-even scalar state

* Additional assumptions necessary to measure Ci and not just ratios of
couplings, e.g. no new Higgs decay modes

I (Ci,mp)
2 - k\V“i, T"tH
CalCma) = P - T3M (mp)
k=WW,ZZ,bb,r1,vy, =2
7,499, tt, cc, s5, pp

* Interference effects are not considered beyond SM




— Test WW/ZZ symmetry

e Compare WW and ZZ signal strength
e Fit WW (0/1 jet) and ZZ data assuming

oxBRy,77 = Mzz * [ox BRyy577 ] SM Higgs
O X BRH—)\X/W = Rw/z X Hzz X [ O-XBRH—:o\X/W ]SM Higgs

 Result compatible with SM (larae uncertainties)

Ryz =0.9%0
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Test compatibility

* Test compatibility by introducing
two parameter (Cv, Cr)

w 2.0 20
* Cv and Cr modify expected signal CMS Preliminary &
- : 1.8 \s—7TeV.L=511b' 18 =
yields in each mode through ' gt <
. . 1.6 \s=8TeV,L=531fb 16 v
simple LO expressions - . .
1.4 14
Production  Decay - LO SM | 12 12
VH H — bb ~ Y E ~ C%
. 'P‘ ol
twH  H—bb | ~ TEXCE ~ C2 1.0 10
VBF Hoarr |~ v(%‘ 'k ~C% 0.8 8
ggH H-rr ~ ("2;;"2 ~ C} 0.6 6
ggH H— 2727 ~ CF().(}CV o "‘\2/ 0.4 -
geH H-oWW | ~SEXC ~C2 0.2 5
z .
VBF  H—oWW |~y ~CGHGR 7 b
n N ('7.;(8.(;(",/—1.8(';-)2 2 '8.0 0.5 1.0 1.5
ggH H = Y ~ = 2 ~C V : 0, ’
] O2 X(8.6CH —1.8C)? & s solid contour:  68% CL Cy
VBE H =y A cZ ~ Oy /Cf dashed contour: 95% CL
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Projection

* Test compatibility by introducing
two parameter (Cv, C¢)

 Cv and Cr modify expected signal

yields in each mode through

CMS Projection 300 fb" at §s =14 TeV

simple LO expressions 5 115¢ |

¢ Projecting to 30/fb at 8 TeV and 110
300/fb at 14 TeV 105}
* scale signal and background 1.00}
cross section .
0.95 z
o systematic uncertainties o
unchanged (dashed lines: no E

theory unc.) 085 =—"Fg 1.0 e

Cv
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Why do not we seeitin H =1/t ?



\% AT LAS Pr(Thaa) = 43 GeV

A EXPERIMENT p.(w) = 52 GeV.

HISSH-
Run 190872,Event 51447267 E = 53 GeV
Time 2011-10-12§912:09 CEST m 390 GeV

\l\Y[e: m =123 GeV

VBF H =ttt —%__u
candidate in 7 TeV collisions
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H — 1t —> ({+4v (12%)
H — 1t — (1, +3v (46%)
H >t —>r1,71,+2v (42%)

0.2
—_—

e Tau-jet reconstruction seeds with anti-kr jets reconstructed in the
calorimeters within a cone of AR = 0.4, pr > 10 GeV, |n| <2.5

e Count the number of tracks identified within a cone of AR =0.2

e Pile-up robust variables describing isolation, shower shape profile,
EM/hadronic energy fractions and angular separation are optimized

e Tau-jet (QCD-jet) (mis-)identification efficiency ~ 50% (<1%)

e . Gl w. lEEA =T = L ’ =
= S — == s —— =
R R —— AT e ==
— == = et Pearaza-/ ,.“"L: 7_;77 — .
g E = =~ e
— > ~ =




H—1TTt

Analysis performed over 0O, | and 2 jet categories,
with highest sensitivity coming from the 2 jet VBF category

CMSH—1t ({s=7TeV,L=49f"' ys=8TeV,L=5.11"

(\1\ - T T T T .l T T T I. T -I T T T T T T | — E 8_] LI I L L I LI I L L I L= ]
o (e/w)h + 2 jet VBF, high E™* ATLAS Internal | o F —=— Observed .
% - . \g v/ T | Expected (68%)[]
0] L f Ldt=4.7fb - - - Expected (95%)H
o 30_ — o 6:— _:
g - ls=7TeV - et - g
12 i i e C ]
c o e Data - — 5 —
2 - Bl 5 x H(120) — 7t - - - .
W 20- F1Z -t 1 9 4 &

I I W-+ets i o~ - .

- (2] Others . Y 3F 4

- QCD T n =

108 T ‘_ = :

: ':"";E';} ) % : 1j -------------------------- E

0_ I_+-l L L ‘ L L L L l l—lﬁl L L L i O:I 11 I L1 11 I L1 11 I 11 I 111 I 1 11 I 111 I:
0 100 200 300 400 10 115 120 125 130 135 140 145

miz"c [GeV] m,, (GeV)
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H—TT

S 8 cllwsl Pfelilminalry,\llg = 7.+8 Tey, '.*".“’.L = 19 f?" 5.0 CMS Preliminary,\'s =7-8 TeV,H — <1, L =10 fb'
o - - . =v.yrCr T T T T T 1 1 LI
bw : Expected Limit : ow [ —e— observed
B 7 : —:ﬂ'—-g-::;t ] B 49 — expected ]
c n . o c C - + ]
© E —8--VBE . c 40 F ] : ;;Zip%tt: E
= F : . = = + pec :
= - —e— Combined . £ 35F =
H— 5 b, 4 - -
4 O 3.0F
&) F e - (3, =
L 4 3 gy 3\) 25F
8 ~~~~~ .- i 4 ® -
3 P 20
“““““ he s, il P 1 1.5
2 = I
BUNPUI See o ] 1.0
; =
] 0.5F
| T T 11 1 L1 0.0 F L1 1 1 'EE B B 11 1 1 '
110 120 130 140 P p— 130 140
my, [GeV] m, [GeV]

* No excess above SM background-only expectation

e Observed limit: 1.06 x SM at my; =125 GeV
e Expected limat: 1.28
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Why we do not see it in
W/Z, H— bb?



CMS Experiment at LHC, CERN

Data recorded: Mon Jun 27 02:59:42 2011 CEST
Run/Event; 167807 / 149404739

Lumi section: 134

Orbit/Crossing: 35103256 / 2259

H—bb

Muon 0, pt: 161.8 GeV

Jet 1, pt: 153.78 GeV, CSV: 0.919

MET 0, pt: 45.1 GeV

Muon 1, pt: 27.3 GeV

Jet 2, pt: 48.4 GeV; CSV: 0.996




W/Z H, H — bb

» Associated production with W or Z

* 5 channels under study
e W(lv)H, Z(vv)H, Z(1))H; I=e,n

Background est|mat|on

¢ TWO maln baCkgroundS. O 0.3_IICMSI ISI-I T |I|t|.| [T 11 II_IN| T |I| T 1 1_
- Q) - imulation — Reareasion
W+jets and Top S b Tev.Los0m’ Reg ]
— estimated from MC *GC:O.QS:—Z(” JH(bD) (=125 GeV) E
— normalization from data i 0o E
- QCD from data-driven method . f :
reversing lepton ID cut 0.15F ]
« Other backgrounds from MC : ]
VA 01 B
Main systematic uncertainties: 0.05- -
- B-tagging efficiency e E
0 | 1 1 1 11 | 1 1 1 1 1 1 1 1

. i 60 80 100 120 140 160 180 200

mJ‘et energy scale and resolution M, 1Cel]
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W/Z H, H— bb

T T T T I T T T T I T T T T I
CMS Preliminary ® Data

2 — -
™ : 1 — : 6J T T T T I T T T T I T T T T I T T T T I T T T T L
5 30 IiTv o woeer 4 2 oms -
g o VHabD [ VH(125 GeV) B © [ fe=7+8TeV,L=50+ 511fb" ]
Z s00 " —— 3 S 5 VH®D), combined -
- [ Z +udscg . = C —e— CLg Observed -
250 [ W + udsc 34§ b % ChBxpected -
C 1 Single top . = 4[N CLgExpected= 1o
C e — K . O B ClLg Expected=2c
200 ¢ — g X F
- e TERG.... . o 3
150 4 %
100F- = 2F -
50 | — 1H -
0F T T N T T |
o 2F 110 115 120 125 130 135
S 1 E;é_ ~~~~~~~ Higgs boson mass [GeV]
© £ 3 Rl
C05¢ | | | | , mg(Gev) 110 115 120 125 130 135
0 50 100 150 200 250 .
M, [GeV] Exp. 1.16 126 135 164 212 281
I}

* Dyet mass distribution shows combination of all 5 channels

e Mild excess seen between 115 and 135 GeV
e Compatible with either background or 125 GeV Higgs
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W/H , H— bb

Again three separate channels

@ ZH — I*I~bb
@ ZH — virbb
@ WH — Ivbb

Higgs production channel in association with a
leptonically decaying vector boson used

Events / 10 GeV

Provides a high py lepton or large E“T“SS to
trigger on and reduces QCD backgrounds

my,p, used as the discriminating variable

No excess seen over the background
expectation in any channel

Events / 10 GeV

The combined upper limits are between 2.7
and 5.3 times the SM H — bb cross section

ATLAS-CONF-2012-015
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Could it be a Fermiophobic Higgs?



Is it Fermiophopic?

FP

10

/o(H—yy)

95%CL

o(H—yy)

- [ Expected
. |— Observed

] -—.:'_4~‘¢‘
107}
£

L L L L

= W = 10 Expected | 15
- = 20 Expected o fs=7TeV,L=51fb"
|- Expected 2012 | . b ]
S - Expected 2011 , ‘__‘7

T | L | LI ‘ UL
CMS Preliminary
[s=8TeV,L=53fb" |

C PN I I P
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Summary
CMS: Phys. Lett. B 716 (2012) 30-61

Mg = 125.3 £ 0.4 (stat) £0.5 (syst) GeV
Local significance of the observation (Mg = 125 GeV): 5.00,
total significance (Mg = 110 — 145 GeV): 4.50
H—~vy:0/0c(SM) = 1.56 £ 0.43
H— all: /c(SM) = 0.80 £ 0.22

ATLAS: Phys. Lett. B 716 (2012) 1-29.

My = 126.0 £ 0.4 (stat) £0.4 (syst) GeV
Local significance of the observation (Mg = 122 — 131 GeV): 5.90,
total significance (Mg = 110 — 600 GeV): 5.10
H— ~vy:0/0(SM)=1.9+0.5
H—>ZZ—>4¢: 0/0(SM) = 1.26 £+ 0.14
— H—all:o/o(SM) =1.4+ 0.3
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What is sighal strength?

Expected Background Expected shape of the signal data
4 A A

A RN

> > >

Assuming the value coming from the
benchmark model
(Higgs searches the SM cross section)

Multiplying the benchmark model
quantity by a factor X (signal strength)

>

Basic idea more complicated
in practice

9/14/12 Isabel-Pedraza-XVMSPE
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Main ATLAS search strategy

Higgs Decay SUBS:CCQ;CM Additional Sub-Channels R’::g .
H—vy - 9 sub-channels (pr,®1y ® conversion) 110-150
ey {4e,2e2u,2u2e,4 1} 110-600
H—ZZ 2bvv {ee,uu} ® {low pile-up, high pile-up} 200-280-600
blqg {b-tagged, untagged} 200-300-600
H o WW tvev {ee,ep, uu} @ {0-jet, 1-jet, VBF} 110-300-600
bvqq {e,u} ® {O-jet, 1-jet} 300-600
£é4y {eu} ® {0-jet} © {1-jet, VBE, VH} 110-150
o {e,u} ® {0-jet} ® {EF** =20 GeV}
H-1t'1 £Tpag3V & (e} ® {l-jgt, VBF) 110-150
Thad Thad 2V {1-jet} 110-150
Z—vv EMss € {120 — 160,160 — 200, > 200 GeV'} 110-130
VH — bb W—ev  p¥ e {<50,50—100,100 — 200, > 200 GeV} 110-130
Z— p% € {< 50,50 — 100, 100 — 200, > 200 GeV} 110-130

9/14/12
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Main CMS search strategy

Mass | N events
mode signature S/B ’ Good For
€ / Resol. |in 10fb?
bb inv. mass 0(0.1) ~30 (sel) fermions
low 104 couplings to
—TT had tau, leptons, MET 15% .
H 0(0.1) ° | ~20(sel) | fermions
two leptons with . San3 '
H—WW opposite charge medium i 10 cross section, BR,
ET 0(1) ~60 (sel) couplings to V
H— two photons low 2% 400 H mass, couplings
144 peak in inv. mass 0(0.1) : ~200 (sel) | CvCs, discovery
four leptons with right high 20
H—Z77 charge peaks in inv. 1-2% 3 H mass, discovery
mass (Z; and Higgs) >1 6 (sel)

9/14/12
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VBF production

* VBF signature forward tagging jets
Ny
T

HO '/. .\\ o}
A1 19

WW, 2Z fusion ™9 7
Higgs decay products

* YY, TT, WW channels deploy VBF signature
» ZZ(4l) has very low signal yield

* bb is challenging and work in progress
* increases sensitivity and allows coupling measurement

* three analysis deploy quite different strategies

gluon fusion

Channel | Technique Variable Jet kinematic Pile-up cont. at 125 GeV

Hoavyy | U2 | m(i), angi), Ad(H,jj), Zep. |pT>20(30) Gev, |nj<4.7| et [ 530, 230,

categories ID

Ho T MVA m(ii), Andii), An(H.j), Ad (i), T>30GeV, |n<5.0 |MVAet 20%
pT(TT), PT(i) P inl ID

Ho>ww| cuts m(ii), An(ij) pT > 30 GeV, |n| < 4.7 M‘?“Djet 15%

* diversity result of independent development and optimization, but needs
investigation!
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W/ZH, H— bb

Signal: d/w

u/d q

Would allow the direct measurement of the Higgs mass and Higgs to quark
coupling
H—bb dominant decay at low mass,
but large background from W/Z+jets, and Top
Three channels studied:
Mass range: 110 -130 GeVZH — l+l_b[;, WH — lVbI;, /H — VVb];

Expected exclusion is around 2.5 to 4.9 times the SM cross section
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Signal strength got by channel

CMS (s=7TeV.L=51f"' {s=8TeV.L=53"

m, = 1255 GeV [ l I | [
ATLAS 2011 -2012

W,ZH — bb o

[ [
i m, = 126.0 GeV

\s=7TeV: |Ldt=47 "

H— vy -
H— 1t °

\s =7 TeV: Ldt= 4647!b'

H—)WW —>|Vh/
H— ZZ \s=7TeV: [Ldt=4.7 b
\s=8TeV: |Ldt=581"

Hovy
\s=7TeV: |Ldt=481"
\s =8 TeV: [Ldz 5.9 fb"

H—zZ" - 4

\s=7TeV: |Ldt=481"
H— 1t ] \s =8 TeV: Jde =58f"

H—- WW

Combined
\s=7TeV:ILdl=4.6-4.8fb' u = 1.410.3

H— bb .-I» \s=8TeV: [Ldt=58-59 "
1 1 1 I 1 1 1 1 I L L 1 I 1 1 1 L I L 1 1 1 I L 1 l [ I l [

| |

-1 0 1 2 3 -1 0
Best fit O'/O'SM
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Testing couplings to fermion/boson

* Test compatibility by introducing
two parameter (Cv, Ck)

-]
* Cv and Cr modify expected signal 18 CMS Preliminary 18 £
yields in each mode through T E=rlshl=ot <
. o 16 \5=8Te\l,l_=5.3fb-1 16(\'
simple LO expressions : :
1.4 14
Pm(\l::tion 2@(-}1}"” e, LLO SM — 12 12
> DO ~ o2 ~ Vv
ttH H—bb |~ "'?;’.‘:C% ~ C} 1.0 10
1
VBF  Horr |~ %Xk ~C2 0.8 8
'F
- -F e
eeH H-2Z |~ “'F(’.‘g_"v ~ C} 0.4 4
ggH H->WW | ~ (_;:(_,(!(_}zi o (v"z” 0.2 2
F .
VBF H-oWW | ~ S50 ~CH/CE 3 s
i - =
W Hoy | < e g 8o 05 10 15
e o2 x(s.u(('rf—l.s(.'p)’ g pos solid contour:  68% CL Cy
VBE H = vy F s cZ ~ Oy /Cf; dashed contour: 95% CL
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H + 0-jet H + 2-jet VBF
(e/n) separated (e/p) separated (e®p) combined
no pr> 25 GeV jet > ljet, pr> 25 GeV| 2jets, pr> 25 GeV
not VBF An;>3.0
m;;> 300 GeV
Ermiss <20 GeV | Ermiss >20 GeV | Ermiss >20GeV | Er™is >20 GeV
. . 5 [ —
Signal region: 3 w| - pma :
: w [ | | 50 x H(120)>tt ]
mr = \/ Zp‘TE!}“SS(l —cosA¢) <30 GeV 3
S T
8 [ s=7mv | 10
w

Modeling the backgrounds:

nl())ksg ;nglsl + n(V)VS“?StSS o E n(Z)g’_TSTS + n%%‘i’ss

Multi-jet 7\

Control region with Monte Carlo
mrt > 50 GeV




