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NEWS

e CERN-EP seminar : 26" Nov, 2013
— ATLAS results on Higgs boson searches in fermion final states
— Twiki :
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-
CONF-2013-108/

— CONF NOTE: http://cds.cern.ch/record/1632191

e CERN-EP seminar: 3" Dec, 2013
— Direct Measurement of the Higgs Boson Fermionic Couplings at CMS
— Twiki :
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13004TWikiUpdate
— NOTE : not yet available

e H->tt Collider Cross Talk seminar : 12t Dec, 2013

— Agenda : http://indico.cern.ch/conferenceDisplay.py?confld=287044
— No materials are in the Agenda (Black board discussion)
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Observation of a new Boson
Phys.Lett. B716 (2012) 1-29

. “These results provide conclusive evidence for
the discovery of a new particle with mass
_ 126.0%0.4 (stat)+0.4 (sys) GeV. ”

What is “new particle”?

~ First obsen of'a new! particle
in the'sea yrthesStandard.

Events /1.5 GeV
g

8

July 4th 2012 : ATLAS Higgs WG
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" :www.elsevier.com/locate/physletb
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Observation of a new Boson

7th Jan, 2014

3 new particle

7 the Standard
nt the LHC
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Phys.Lett. B716 (2012) 1-29

- “These results provide conclusive evidence for
| the discovery of a new particle with mass
- 126.0%0.4 (stat)£0.4 (sys) GeV. ”

What is “new particle”?
The Nobel Prize in
Physics 2013

Photo: Pnicolet via Photo: G-M G Jc v.'a
‘4"/rkl"1i—_’dla Ccn"—w":s Wikimedia Common
Frangois Englert Peter W. nggs

The Nobel Prize in Physics 2013 was awarded jointly to Frangois Englert
and Peter W. Higgs "for the theoretical discovery of a mechanism that
contributes to our understanding of the origin of mass of subatomic
particles, and which recently was confirmed through the discovery of the
predicted fundamental particle, by the ATLAS and CMS experimentq at
CERN's Large Hadron Collider”




Observation of a new Boson
E What is “new particle”

S ~* Mass of the particle?
— 125.5%0.2(stat)+=0.6(sys)

r ATLAS P-Ireliminary —— Combined :slat+sys)::
| \s=7TeV:|Ldt=4.6-4.8fb" ----- Combined (stat only, .
- is=8TeV:[Ldt=20.7 b — o Comblned
, : = =" 125.5£0.2(stat)=0.6(sys)
e |
§ S .
: g A — H2VY
£ 126.8+0.2(stat)%=0.7(sys)
| % o 110 120 11130 Izo (130\/)
m, (Ge'
H>ZZ>4
| ATLAS 2011-12 5=7-8TeV r \'EA / y 124.3 i O.6(Stat) i O.S(SyS)
E e o '1:‘22‘ 23 124 ‘125 126 127 1m28[Ge\1/]29 e
f o 7 : o . B ey W
o T Radiative corrections i
o 0T segann ""{%Et'i., 1 - === incl. low Q° data ;.'
oo 2 W “ -
0150 200 300 400 500 3 B
: m, [GeV] B / [
49, 5 - VAN ‘
www.elsevier.com/locate/physletb H ‘{\ )" " ded W A exciuiod
; T MRS N el D TR P 40 100 200

m.. [GeV1
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Observation of a new Boson

ﬂ What is “new particle”?

b A ey e T e Mass of the particle?
'First obsenvations of a new particle — 125.50.2(stat) +0.6(sys)

inthe sea * Spin and Parity ?

— Consistent with scalar (/°=0%)

et
AU B

3 P=N- 1+ 1- 2+ H™H
o3 — Excluded J°=0, 1%, 1-, 2* possibility.
«
i |
5 ATLAS
; 3 H— v e Data
Vs=8Tew [Ldt =207 b’
v CL_ expected
o H 227 =4l assuming J"=0"
o Vs=7 Tew [Ldt =46 fb”' o
o - - i Sun
; + Vs =28 Tew [Ldt =207 fb
%)
@ O o T 180 140 150 e H = WA evpviivey R
m, (GeV) A . L Vs=8TeW [Let =207 fb"! o
by 2 ’ T ! "
5 =T <
o 10TE T
— ! 3 o
2011-12 5=7-8TeV o R | b
: 10°
107}
10" :
JP=0" JP=1" JP=1 J" =27

All excluded by 95%CL

-,
*

:\;v;Nw.eIsevi;r.com/loca‘te/phyé‘letb Fi rSt Sca Ia r pa rtiCIE !
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Observation of a new Boson

What is “new particle”

* Mass of the particle?
— 125.5%0.2(stat)+=0.6(sys)
e Spin and Parity ?
— Consistent with scalar (/°=0%)
— Excluded J=0, 1%, 1-, 2* possibility.

matter pértlcles guage partlcles ¢ Cou pling

1st gen. 2nd gen. Fd 3rd eQ ) : .
st | swogrore Y — HWW, HZZ, H )yy decays exist (>30)
5 0 0 0 0 5 o — Observed ggF (gg( OH ), VBF(WWH,ZZH) production
S up charm : top E G/Ugl\‘e process (>3o)
K 9 0 O E'@\@ﬁ‘““"“" Fiskes - New particle must couple with Vector Bosons and
lown 77 o b o . -
strange 3 bottom @ probably Quarks(no direct evidence).
L b 7 i ATLAS Prelim. |—olstatistical)  Total uncertainty
E @ @ gaoron : M, = 1255 GeV —olsystincl.theo) 4 4500
) —o(th
'Fl" e neutrino | uneutrino| v peutrino e mg m__ll " IAII%'ILIASI e ”_— H- vy 0 F(:y:f:?; e woeyes 1
- THICARCARS, . %o s e 3 i T
;2;; L electron muon lou J L ansarzs Z boson g 6:— ::: ~hor _: H- ZZ* > 4l :EE% e Leniﬂm e '_I_‘
¢ = E . E = 143:2:; §§ ‘ o
Z W O 0 oo 4 N : i:a;ta“atm wodel | Hs WIN* — Iuly 020 Phys Lall B725(2 19188 [y,
scalar particle(s) _ @ £ X pan ] .
Higgs 2:— | .(/k N, Tt S CL —: n= 0'99'2_:; 7533?; ‘ | H— |
C - ] Combined ts:l;ﬂphys Lell; B 726 (2013) 88 L
E[I@[mc;)m@ @if the Stancare [M]@@i]@ﬂ o E Mo EE WY o [ 31 e
- - pu=1. L0412
P T N T BT FETTE R FURTE R e 018 -0l o]
“www.elsevier. com/locate/physletb B bt e mEs o7 fua- 445" <05 O 0. 5 115 2
Pograast ™ B/Bsn \s=8TeV [Ldt=207/203 b Signal strength (u)
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Observation of a new Boson
P ” E What is “new particle”

* Mass of the particle?

— 125.5%0.2(stat)+=0.6(sys)
e Spin and Parity ?

— Consistent with scalar (/°=0%)

| i — P= - + - + og_oge
Mass IS glven by H|ggs Mechamsm? s E’dedEdJ 0, 1%, 1;, 2* possibility.
—1+ Coupling

" matter particles uage particles | |
S B SR (o —  HWW, HzZ, HOyy decaies exist (>30)
o Q ® .u“%"s é —  Observed ggF (ggOH ), VBF(WWH,ZZH) production
U : ] S oy process (>30)
up charm ] top b o) S . .
R O 6 ] G ] ;éé\-?’ > New particle must couple with Vector Bosons and
K E 3 || FINOEonetic Foree probably Quarks(no direct evidence).
down strange 4  bottom 3 @
L[ A\ H bout leptons?
E W | @ l—22< B ow about leptons:
P A - = y
g ’”@"{, 6@'\‘%m % — No one knows...
o | N | ctoctron | muor - %mm Zg i — Need direct lepton(t) decay to Jprove lepton Yukawa
g - coupling!! y
scalar particle(s) ”.m . Final important piece to call '

the particle as SM Higgs Boson

All the fundamental particle masses are
“www.elsevier. com/locate/physletb . . .
given by Higgs mechanism? d VBF H->t*T

Eﬂ@mmamﬁ:@ @if the Standard Modal
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LHC and ATLAS experiment

AT LAS ¥ AR | Detector characteristics
S T T P —ﬂ 2 .
. - - Muon Detectors Electromagnetic Calorimeters o | Width: 44m
7N\ \ <

lameter:
Weight: 7000t
Solenoid \\ CERN AC - ATLAS V199,

GeneVa.vA’#ﬁg‘r
Pl ey -

Thanks to the smooth operation' -
~ of LHC,ATLAS & CMS recordéd :
o 5fbl 7TeVdata - " **

.

27km
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Higgs production and decay @ LHC

Gluon Fusion(ggF) | | Vector Boson Fusion| . W/Z Associated tt/bb Associated

g H
g L o
Now we know the cross section and Branching ratio! @125.5GeV
8TeV | 14TeV W bb (57%)
e T ez
Gluon Fusion 19.1 49.9 W 11(6.2%)
Vector Boson Fusion 1.57 4.18 ® 1 (0.02%)
W/Z Associated 1.11 2.39 = vv(0.23%)
mWW (22%)
tt/bb Associated 0.128 0.611

W77 (2.8%)
W others

8TeV @125.5GeV
14TeV @125GeV
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Sensitivity for each channel

Before experiment... ATLAS 2011+2012 Full data
arXiv:hep-ph/0402254 5fbl(7TeV)+20fb*(8TeV)

H ras R e channel sensitivity Sensitivity
ERR § T e H(124.3)>ZZ 4.4c 6.60
[Sensitivity: e H(126.8)>YY 4.1c 7.40

- Tt>WW>YY>ZZ > bb

H(125)>WW 3.7¢ 3.80
o | H(125)>tt
; H(125)>bb  1.60 0.4
H-> 1t (Nov 2012)
1 | | | | | | Sfb-1(7TeV)+13fb-1(8TEV)

I180I | I200{
my (GeV/cz)

100 120 140 160

H(125)=2>1t 1.70 1.10

Repeated analyses by using full data (13— 20fb!) didn’t expect reaching evidence.
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Analysis channels

Di-tau decay branching ratio

Analysis was optimized for each di-tau ¥ ¥ mu + had
decay mode. e + had
— Different trigger, object selection and e+mu
backgrounds. B mu+mu

ATLAS uses 3 channels and CMS uses 6 Be+e
channels. M had + had
S 3.0%

W

¥ Lepton-Lepton Lepton-Hadron Hadron-Hadron

H H H

T

/N Y £\
o, oved] ol b
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Why is H2> tt difficult? How to improve?

After di-tau candidate , S/B ratio is <0.001,

while typical systeamtics of backgrounds

are ~20%.

Quite different approaches were taken

by ATLAS and CMS
* ATLAS (8TeV)

— Used very simple categorization (6 categories)
— Used MVA technique to separate signal from background.

(Used MVA score as discriminant.)

* CMS (7+8TeV)

— Split data to many categories(>50 categories) based on S/B

ratio.

— Used Cut based analysis. (Used Mass as discriminant.) except

ee and pu channel (MVA analysis).

7th Jan, 2014

KEK Physics Seminar

Events / 10 GeV

><1 I03 T T

180
160
1400
120F
100f
80[-
60F
40"
20F

%

T I T T T i
[ ut, .4+ eT,.q Preselection ATLAS Preliminary

F [Ldt=2031" 1s=8Tev

100

—e— Data

—— 50 x H(125)= 1t 7

[ ey
B Others
I Faket

72 Uncent.

50xSM

200
mYs [GeV]
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Di-tau Mass reconstruction

Di-tau invariant mass should be an important discriminating

variable from backgrounds. But having 2-4v in a event.

Need...

Event by Event estimator of true di-t mass likelihood.

Full reconstruction of event kinematics.

Missing Mass Calculator(MMC):

* Solve T, E;™ in Ad(t,,,
parameter space using
AB,p(T,.,v) template from
simulation as PDF.

v)

CMS uses the similar method with Matrix element

Arbitra

0.015

0.005 f
[}

0.01

i I
j ' + Z—1t Simulation

.'! —— Probability function —|

T T T | T T T T | T T L=
1-prong T decay -
45<p <50 [GeV] ]|
ATLAS Simulation —
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Background estimation

* Most important background is Z—>

Z->1t estimated by embedding method

overview

1T (irreducible).

Select Z(+Jets) events Add simulated tau decay product
in real data Remove two muons Thad etV P
‘ IJ: b‘ vt > r T T T |. T T T T A ]
. ) [ LT, 4+ €T, Preselection ATLAS Preliminary ]
u+ 5 O 180k p .
o F [Ldt=2031" 1s=8Tev
160:_ y —o— Data -
» 2 - — 50 x H(125)= 11 ]
g Bz e .
L B Others -
100_ - Fake t 7
Jet(s) Jet(s) 777 Uncert,
801 =
60__ ]
=> All jet kinematics and p;? are from real data! 40 3
Z>ee/uu + jets, Top, di-boson Estimated by MC

with correction.

QCD and W+Jets — Data driven estimation for both shape

7th Jan, 2014 KEK Physics Seminar

200
mYs [GeV]
and Normalization.
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Categorization

VBF category Boosted category
“ : < D
% gt g
& .
Wt q
.
H
d VBF Hott g ggF H—1t't+jets \E WH—qq T T)
* Find VBF jets with loose e Select events with high vector
selection. sum pT of tautau decay products.
* Train BDT for VBF signal. * Notincluded non-boosted events.
Categor Selection TlepTlep | TlepThad | ThadThad .
= pr(j1) > (GeV) 20 : gohd hgoh l Boosted | iL(;l()GZ \(/()}e\/) 14000 1(-)0 160
VEE ZT;((T.) ;)(Sev) ;g 33% 38/. 85 I bojet veto for jet py > (GeV) | 25 30 i
b-jet veto for jet pt > (GeV) 25 30 -
P> (GeV) - - 40
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VBF category

BDT input variables

e Trained BDT for each 3 channels and for VBF/Boosted
separately. (total 6 categories)

— 125GeV signal MC for the signal template.

* MMC(m_) is also included as one of the most powerful
variable for the training.

Boosted category

Fraction of events / 2 GeV
o o o
2 2 7

o
o
¥}

o
o
=

5 .

Lo et L T ]
20 40 60 80 100120140160180200

MMC mass m., [GeV]

Variable

Tlep Tlep

Tlep Thad

Thad Thad

Variable

TlepTlep

Tlep Thad

Thad Thad

MM
AR,,
172 — nja|
Mmj1.j2
nj1 X 12

Total
PT

EMiss¢ centrality
min(Aneiez jets)
¢1 x (2 7 centrality
Anjs jij
my
¢ n centrality
71 1) centrality
To 1) centrality

7th Jan, 2014

MVIVIC
EMiss¢ centrality
ARTT
sum Pr
Pr(m)/pr(72)
m‘r‘r,jl
mye1.e2
ANOYINT:
sphericity

miss | {2
EF™/pT
mT
Tix
Tox
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Background estimation and validation

Fake (QCD)

Fake (W+jets)
Z=21l (1=>7)

Z->l(Jet>1)

Top

Shape : Embedding
Norm : Fit in SR (+ An CR for hadhad)

Fake factor Estimation Template fit method Shape : not OS data
(used Anti-tau CR) (used non-isol CR) Norm : Fitin An CR
Shape&Norm : data Shape&Norm : data MC

Shape & Norm : MC Shape : MC MC(very small)
(with SF) Norm : Fit in ZCR

Shape : MC (80<mll<100)
Norm : Fitin ZIl CR

Shape : MC MC(very small)
Norm : Fit in b-tag CR

Shape & Norm : MC (very small)

: Background estimated by (at least partially) data-driven way.
Fit in XX : The CRs are included in the Profile Likelihood Fit (Fit model.)

7th Jan, 2014
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Background estimation and validation

NOTE: MVA(BDT) analysis has to be carefully validated :
if all training variables are modeled well. > OK. (See conf note)
if all variable correlations are also modeled.
— checked BDT score for each CRs to check all backgrounds.

* m_ sideband CR as Z->tautau validation region
- Zﬁ 1T

F T T T T T T T T T T T T T T T T T T |: - - T T T | T T T T ‘ T T T T ‘ T T T T ‘ 4 N T ' I
r‘_". F ot + el"had VBF | ATlLAS Prelir'lninary 3 S 700[-ee + ey + up Boosted ATLAS Prellmlnary e T dfn d VBF A”-AS Prellmmary ]
2 40 ;_J' Ldt=2031" —4— Data ] 2 GOO—J. Ldt=203f" (s=8TeV Z->twCR | % ot L= = SE’Da:'deba"d R
§2) E — 50 x H(125 E —4— Data 1 > ]
o (s 8Tev 2o CR -z:m( S L% " 4 — 50x H(125)> 7wt § W hadhad — S0 x H(125)>r
I ] 500F = 3 ]
o 103§—|ephad Bl Others E - =§Hﬂ 1 10 tautau CR=§;:S E
E 3 r — ee,ul ]
- Ztalutau CR ; E:tzr: . B 7+single-top 10 I Multijet ]
10° 5 ' WW/WZ/ZZ . 77/ Uncert.
[ Fake Lepton .
. leplep 7, uncen 1 1
Ztautau CR
1
1
] -1 -0.5 0 0.5 1
10" -1 0.5 0 0.5 1 BDT score

-1 -0.5 0 05 1
BDT score

BDT score
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Background estimation and validation

o Z2II CR (mll~”mZ)
for leplep channel

Events /0.1

I Z— eeun

107 § T T T T | T T T T | T T T T | T T T T | T T E|

E ee + ep + up Boosted ATLAS Preliminary J
10°E [ Ldt=203 1" —4- Data

Fs=8Tev zoncr - 0 X H(128)> T 4
105 L Bz

Nz eeun
10 B Leplep Il (7+single-top

, F [ Fake Lepton

10°¢ 77 Uncert. E

7th Jan, 2014

BDT score

* W+jets & QCD CR

Y Fake t
Iephad (hlgh mT)

hadhad(pre selectlon)

0.5
BDT score

KEK Physics Seminar

ATLAS Prellmlnary

—e— Data

— 50 x H(125)>tt ]

- Z->1t
- Others
I Muttijet
777Z Uncert.

w0 F
1200 ut + e’r VBF ! ATLAS Prellmmary— 98000: ThadThad Preselecnon
7J.Ldt 203f" (s=8TeV WCR 1 5 CJurdt=203m" (s=8Tev
. — SoxHaz 4 pga00- Hadhad
800 | R h i
B Others sooo- Fake CR
I Fake t ]
Lephad 777 Uncert. 7
Fake CR b

1

1.5

AN(Thaq,Thaa)
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Background estimation and validation

Top CR by requiring at least one b-tagged jets.

Bl :7+single-top

SOOI\IIII III‘IIIIlII\\lII\IlIIJ:
| ge + el + uu VBF ATLAS Preliminary -

T T | T T T
l’l‘['-had + eThad VBF

T ‘ T T T T | T T
ATLAS Preliminary |

i - -1 o — n
JLdt=2037" (s=8TeV top-quark CR | Ldt=203f" Vs=8TeV top-quark CR 7

Events / 0.17
Events / 0.1
o
(e»]

400 + Data __ + Data E
—— 50 x H(125)— 1t - 160 — 50 x H(125)— T‘E—:
Mz i 140 [ §—> n E
Bl 7+single-top . [ | _—>.ee,up
i 120 Bl F+single-top
L had Il Others ] 7
épha [ Fake 1 ] 100 Ww/wz/zz B

|ep|ep [ Fake Lepton

777 Uncert.
e

VBF categ.” uncert :
1 Boost categ.

1 w05 o0 05 1 1 05 o0 05 1

BDT score BDT score

- All training variables and BDT score distributions in each CRs
are modeled by estimation.
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BDT distribution in leplep SR

— FT—T T 1 T T 1 T T 7T T T 1 T H — 1055_' LY N N Y L L L Y N N B L B LB —E

S L ee+en |+ up VBF SlR A]-l;_AS Prelirlninary ] o - ee + ey + pu Boosted SR ATLAS Preliminary J

- I = 3 —+— Dat ) P - [ Ldt=203f" —4— Data 3

‘UE) 10° _—j -=203m — H?1a25}—> n - T 10! :_jh _ — H(125)— 11 i

0 S s=8Tev ... H(125)— Tt (u=1) o = Vs=8Tev. H(125)— tt (u=1)3

> C . C ]

w - Bz . w - Bl 7 ]

Il Others ] 5l Il Others T

I Fake Lepton 107 I Fake Lepton E

10° 777 Uncert. — - 777 Uncert. ]

10 E ]

1 05 o0 05 1 05 0 05 1

Highest Score bin : BDT score BDT score

----M-M-
0.7£04 50*x15 -- 46*+06 45*x1.7 1.8%X04 2.7%x0.4 0.42

boosted 1.7%+0.7 0.7%£0.2 0.2%*0.1 13=*1 0.8*x0.3 3.5*x09 2.3%x0.2 0.13
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BDT distribution in lephad SR

N T T T T | T T T T | T T T T | T T T T | T T I_ m E T T T T | T T T T | T T T T | T T T T | T T I:

‘r~_-. 105 L HTag T €Thag VBF SR ATLAS Preliminary_: g - Ut + et Boosted SR ATLAS Preliminary -

2 " [Ldt=2031" —4— Data ] ~ 107 [Ldt=2031" —4— Data =

P i — H(125)— 1t § @8 = —— H(125)— Tt 3

< 104__1$=8T9V ------ H(125)— 1t (u=1) 5 c{s=8Tev . H(125)— tt (u=1) ]

> = BNz E Lﬁ 104E Bzt -

L n Bl Others . E Il Others E

ol I Fake 1 | I Fake t ]

10°g 77 Uncert. E 10° 777 Uncert. i

) i .

10 102 -

10 E 10 E

1 1S 8.7 1 i

-1 B 87 -1 -0.5 0 0.5 1

Highest Score bin : BDT score BDT score
--—-m-m-

1.2£06 75*x2.2 -- 24+04 35*+05 15*+04 13=%+0.7 1.0

boosted 5.5%+2.1 1.3*04 1.2*0.3 18%*2 58*x14 2.2+0.3 55*x1.2 0.25
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BDT distribution in hadhad SR

— 1M ™ -
o 10 " ThagThas VBF SR ATLAS Preliminary 3 S A | T,.4Thag BOOSted SR ATLAS Preliminary |
o [fLat=203m" —+— Data ] 2 D Lat=203n" —+— Data
= I — H(125)> T = - — H(125)5 1t ]
g 103_"3=3T9V —————— H(125)— tt (u=1) | g [ {s=8TeV e H(125)— 1T (n=1)
w = Bz e E w 3 Bz =
Il Others . 10 B Others E
B Multi-jet ] N Multi-jet ]
727 Uncert, 772 Uncert. i
10° E 5
= 10 - E
10 E 10 E
1-1 -0.5 0 0.5 1 1—1 -0.5 0 0.5 1
Highest Score bin : BDT score BDT score
----m-
20*x09 59*18 - 53*x1.0 59*09 0.6%x0.1 0.67

boosted 23*x09 0.6=*0.2 0.7%x0.2 9.7x16 14=%x0.2 0.07%£0.02 0.32
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Summary plots

* Eventyield as a function of log(S/B) * MMCdistribution where events are

for all signal region BDTscore-bins. weighted by In(1+5/B).
.-% 104 :_I T T T | T T T T | T T T | I_.I_I I:)I t| T T T T ‘ T \_: % :| —_—Y—————————— -
2 T 1O 70 ATLAS Preliminary & Data E
(I i g0 Ho TeVBF+Boosted  — M128) wr st
C s W LT Background (u=0) +4 == — Bz —
Q. 3l ... -H“;w( 51 0 2 " F[Ldt=203m" B Others ]
LLJ 10 = . e 7 ¢ 503_1|E=8T8V + I Fakes =
- L H(125)—1t (u=1) qu = 77 Uncert. -
E 135 40 E
- 13 30 =
21 D - -
10 8 ::Jé_, 20 =
B 17 10 =
- Ho1r +t b T - .

L 0
10= ATLAS Preliminary ﬁ_"l— 1.
- Z 7 1 g [ — H(125) 1t (u=1.4) .
- [Ldt=2031 1@ 10 s ]
- {s=8TeV 1 = oy B i
D - i E __________ a
1 ? e e e e Pt s L e T o IR R R = B 0_ (et gjﬂ !;! A .
SETI NT T S IR T | P DRI I RN RN T T BN R
83 2 0 1 60 B0 100 120 140 160 7180 200

log(S / B) miMC [GeV]
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Significance and Signal strength

For mH=125GeV, Evidence of H>tt decay!
PSP =6.2 x 10#(3.20), p,°*=1.9x 10 (4.10)

ATLAS Internal "'gfﬁ;astf Total uncertainty Assuming mH=125GeV :

my =125 GeV o(theo) + 1o on U u‘best=1'4+0'5-0'4

Hotr o u=ta|h | 1 |

(Boosted | u =|23§§3 _____ J—I : : Impact of uncertainty sources

VEF n=16%: EE | i I | Source of Uncertainty Uncertainty on
H> Tl 1=207 Eg PR F— Signal region statistics (data) 0.30
______________________________ O - U EEEE AR S P Z — {f normalization (TjepThad boosted) 0.13
Boosted ! h=205: 15| NI ST FE geF do/dp? 0.12
VBF n=221 EE ! ! - JES 7 calibration 0.12
H o Tgtog  1=14% Eig |— - Top normalization (7jepThad VBF) 0.12
S 5 S PN EUUEY S I [ R Top normalization (7jep Thad boosted) 0.12
|Boosted m=12%3 )"0 I | Z — (¢ normalization (TjepThaa VBF) 0.12
VBF H=10%: |'o: | v wo | QCD scale 0.07
Ho T Ty w10 EE SRR di-Tpaq trigger efficiency 0.07
NN 5 S DN EPR AN B O R Fake backgrounds (7iep Tiep) 0.07
Boosted ! u=09z|y | em—f—t | Thad identification efficiency 0.06
VBF u=10%5 "0 | — | | Z — 777" normalization (TiepThad) 0.06
_ . 0 1 2 3 4 Thad €nergy scale 0.06
/s =8TeV |Ldt=20.3fb" Signal strength (1)
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Production dependence

u u E 6 T T ‘ T T | T 1T | T 11 | T T | T T ‘ T T | T T 1T I_
@’ P HoTT % Best fit ]
= C _ 1 est fi ]
m 5__ .[ L dt=20.31 — 95% Contour ]
XI - {s=8Tev - 68% Contour .

= - . =+ SM prediction =
| — % 4 — ATLAS Preliminary & Backgroundonly
> B i
= C ]
3 ith ggF/VBF separate . : -
d VBF H->t't o G 88 Parate i
21 0.8-0.7  —
OVBF _OWH _OZH g - .
M M M C ]
T‘E’BF O%H cr%H ) 1: ______ ]
T D 1
= HvBF+VH 0— -
U. ’C_ _1_ 1|1 ‘ [ | [ | [ | 1111 | L 111 ‘ L 111 | L 111 | [ 11 :
ggH _ -2 -1 0 1 2 3 4 5 6 7

SM e =
ggH - uggF X B/Bgy,

Both ggF and VBF production process are consistent to the SM!
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CMS Analysis
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Categorization

e Categorize events based on different S/B ratio.
— Introduced new high sensitivity categories.

0-jet 1-jet et
pr > 100 GeV
m;; > 500 GeV my; > 700 GeV

pr = 100
GeV A > 3.5 [Anl > 4.0
i i high p(t,)
high h
HT pr(ty,) = 45 GeV igh pr(7,) igh p(t,) boost
h loose
baseline low py(Ty) low pr(t,) VBF tag

e Each di-tau decay channels have at most_7 categ.
W had + had 3(3) categ.

— 27 categories for 8TeV =mu+had 7(6) categ

'Used mass discriminant

— 24 categories for 7TeV zi:ff 6(5) categ.
. 6(5) categ. e
— - Hmu+ MVA score discriminant
Total : 51 categories mese 5(5) cates. Iscrimi

e Used MVA for ee/up channels
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Background estimation

CMS Preliminary, 19.7 fb" at 8 TeV lefel'e

SM H{125 GeV) — 1t

—8— observed

500 ‘:‘3. Czow AS
*:L::' Czee

0 WHiets
400 —

[ aco

EHEH bkg. uncertainty
300

ety

>

O-jet low p T(rh)

All normalizations
are data-driven

dN/dm_. [1/GeV]

200

100

0 100 200 300

m.. [GeV]

QCD:

* Normalization from ratio of
same-sign(SS) to opposite-sign (OS)
data events

\° Shape from SS data events

4
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Experimental
uncertainties

Background
estimation

Systematic uncertainties

Uncertainty Affected samples Change in acceptance
Tau energy scale signal & sim. backgrounds shape

Tau ID & trigger signal & sim. backgrounds 8-19%

e misidentified as T Z — ee 20-74%

u misidentified as 7, Z — up 30%

Jet misidentified as T, Z boson plus jets 20-80%
Electron ID & trigger signal & sim. backgrounds 2-6%

Muon ID & trigger signal & sim. backgrounds 2-4%
Electron energy scale signal & sim. backgrounds shape

Jet energy scale signal & sim. backgrounds 0-20%

ETis scale signal & sim. backgrounds 1-12%

Eb-tag D jets signal & sim. backgrounds 0-8%

€b-tag light-flavoured jets signal & sim. backgrounds 1-3%

Norm. Z production Z 3%

Z — TT category ZoTT 2-14%

Norm. Wjets Wjets 10-100%
Norm. tt tt 8-35% 3
Norm. diboson diboson 15-45% =
Norm. QCD multijet QCD multijet 6-70% s
Shape QCD multijet QCD multijet shape
Luminosity 7 TeV (8 TeV) signal & sim. backgrounds 2.2% (2.6%)

e o o
- L -
N e »

o

0.08F

CMS Simulation Vs =8 TeV we

—— H-o1tm, =125 GeV

I:] Zo1t

T30 100 150 200 250
m,, [GeV]

Tau Energy Scale(TES) uncertainty is one of the dominant uncertainty unlike ATLAS.
This is simply because CMS uses the mass discriminant which is quite sensitive to the TES.

7th Jan, 2014

KEK Physics Seminar

35



CMS Results
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dN/dm_ [1/GeV]

Mass distribution in the signal region

* ut, channelis the most sensitive channel

1-jet

high p.(t,) boost

CMS Preliminary, 19.7 fb™ at 8 TeV
TTT T

40 T T T T T T T T T T T T
------- SM H(125 GeV)-—1t
35 e —e— observed
CJzor
30 C+
T [ electroweak
25 3 acp
bkg. uncertainty
20 ue,
15 1-jet high p _(7;)
boost
10
5
0 100 200 300
m.. [GeV]

p«(t,) > 45 GeV
P> 100 GeV
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dN/dm__ [1/GeV]

2.0
1.8
1.6
1.4
1.2
1.0
0.8

0.6
0.4

2-jet:

loose VBF tag

CMS Preliminary, 19.7 fb™"' at 8 TeV
T L L Ll L

T

—r 1 & rr 1.7
....... SM H(125 GeV)—-11
—e— observed

CJzor
C«
[ electroweak

Caco
555 bkg. uncertainty

Loose VBF tag

M;; > 500 GeV [An,| > 3.5

KEK Physics Seminar

dN/dm._, [1/GeV]

0.5 -_ —

2-jet

ticht VBF tag

CMS Preliminary, 19.7 fo™ at 8 TeV
T L] L} T L} T L}

T LI L B B B A R A
------ SM H(125 GeV)—1r -
—e— observed
[Jz-
C«

[ electroweak =
[—Jaco

255 bkg. uncertainty

Tight VBF tag

] 100 200 300
m,, [GeV]

M;> 700 GeV, |An;| >4
pe> 100 GeV
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Mass distribution in the signal region
 Other VBF channels

CMS Preliminary, 19.7 fb”" at 8 TeV

T T T T T
%‘ I P SM H(125 GeV) =1t
o - —8— chserved E
= 1or -2 -
ot [ CJz—ee 1
2 [ 3 WHjets ]
E os| [ N
3 - T acp ]
= 3 E535%7 bkg. uncertainty L
e} B -
06 .
[ et, ]
I Loose VBF tag ]
04 -
02 -
0.0
4] 100 200 300
m,, [GeV]
= 025 F—T—TTrTTTT T T T T T T TR
) T SM H([125 GeV) =1t ]
(U] L —&— observed .
; B Ztt E
— 020 Cdz-ee -1
S [ i
£ B ]
T [ ]
Z 015 B 2222 bkg. uncertainty ]
u B -
. et, ]
010 Tight VBF tag .
0.05 ]
0.00 [
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200

dN/dm. [1/GeV]

dN/dm_. [1/GeV]

3.0

25

2.0

1.5

10

CMS Preliminary, 19.7 fb” at 8 TeV
T

T T T T T T T T T T T
SM H(125 GaV) — 11
—&— observed
[ sm H(125 GeV) —WW
Z11
tt
[ electroweak
[ misidentified e/ 1
[EZZEE bkg. uncertainty

eu
Loose VBF tag

CMS Preliminary, 19.7 fb" at § TeV
T

0.5

0.4

0.3

0.2

0.1

0.0

SM H(125 GeV) -1t
—&— observed

[ SM H{125 GeV) —WW
CJz—te

[ Iy

[ electroweak

[ misidentified ef 1
bkg. uncertainty

eu
Tight VBF tag

100 200 300
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dN/dm._, [1/GeV]

CMS Preliminary, 19.7 fb” at § TeV
T T T T

08 [ I T T T T I T T T T I T T
e SM H(125 GeV)—1t
07 F —— observed
" CJzon
0.6 O+
F [ electroweak
0.5 F [Jaco
[ Fressl bkg. uncertainty
0.4
s Thh
03 VBF tag
02
0.1F
0.0 o PR B B RS I 1
0 100 200 300
m,. [GeV]

T, T, no tight-VBF

H—WW is treated as
background to probe
fermionic decav contribution
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Summary plots

e Calculate S/(S+B) in every bin of the
mass distributions of every event

category and channels.

All channels : ep, et,, Ht,, 1.1, €e, UK

107

Events

10°
10°
10
10°
10°

10

1

L] 1 1 I 1 1
=
é SM H(125 GeV)—11

-#= observed

20

10° CMS Preliminary, 4.9 fb" at 7 TeV, 19.7 fb™ at 8 TeV

SMH{125 GeV) —Tr ]
mf Data - Background

[E352d] Bkg. Uncertainty

7th Jan, 2014

background 10
.+: + 1 > 0 .
PR T T N TR | T T T |
-2 -1 0
log(S/(S+B))

* Weighted by S/(S+B) using 68%
region around the m__ peak.

ey, ety, Uy, T,T, Only

CMS Preliminary, 4.9 fb" at 7 TeV, 19.7 fb" at 8 TeV

g : R EZZ smmu12s Gev) — s
m = EF_J., ETh, '_lTh, ThTh 40F mf Data - Background .
w 2500 - 4 [2535] Bkg. Uncertainty
-— C 20 : -
e [ ™ 0

e 2000 | cnaTmSee
g : 20 -
T 1500 F R TV R VE—T TR
=) B m,. [GeV] -
m = -
= C SM H(125 GeV) >t
o) 1000 |- ~ —8— ocbserved —
.a [ C— z-u ]
; - — -

L [ electroweak -
m 500 ] aco -
+ L -
7] L i
S - -
- 0
(/)] 0 100 200 300

m,. [GeV]
39
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Significance and Signal strength

CMS Perliminary, H-1t, 4.9 fb™ at 7 TeV, 19.7 fb" at § TeV
1

CMS Preliminary, 4.9 fb™" at 7 TeV, 19.7 fb™" at 8 TeV

g 1 I 1 1 I I I I I I I E ] I L] L} I
= : =125 GeV
& 10° o . MO 0sjet
. 2 : 0.4041.13
Q402 :
10 -
3 ~
S 10-3 30 E
: 1-jet
10 A 1.[{610.4?
10° Significance @125GeV:
10 Observed 3.40 . : 2-jet (VBF tag)
107 Expected 3.60 0.93+0.41
10°®
9 —#— p-value observed : H—o11
' expected for SM Higgs '_?-_' 0.87+0.29
10-10 1 | 1 1 1 | 1 1 1 | E
L 1 1 H 1 | L L L 1
100 120 140 0 2 4
m,, [GeV]

Best Fit for o/o,
Assuming mH=125GeV :

: |
Evidence of H>tt decay! ubest=0'87 +0.29
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Mass measurement of the resonance?
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Mass sensitivity in CMS

e Since CMS uses the mass distribution as
discriminant, it is possible to measure the mass.

2.0

1.5

1.0

0.5

0.0

-0.5

7th Jan, 2014

CMS Preliminary, H—1t, 4.9 fb™" at 7 TeV, 19.7 fb" at § TeV
L] L] L] L]

CMS Preliminary, H—11, 4.9 fb™ at 7 TeV, 19.7 fb™" at 8 TeV

2.5F

| i - 10 T T T T T ]
- — —#— observed -
- Z kw0 H (125 GeV) expected = -
— 7 < I + 1o expected ]
m H — 1 1 5+8_zG ev _: s I:Iizsexpacted .......
] Myeses = 1157, GeV ]
“\\\ - 6F N. L
\\ "tl =
__,.-" /'I' E T e S —
95% CL _ 9 B
68% CL L 20
best fit . I
L +| | 1 0 ' . . 1(5
140 100 120 140
m,, [GeV] m,, [GeV]
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Mass sensitivity in ATLAS

e ATLAS uses BDT score as discriminant, less
sensitive to the mass measurement.

But once we use the weighted mass plots,
the mass sensitivity is similar to CMS results

70E. ATLAS Preliminary e Data -

605 H— 1t VBF+Boosted ; H(125)— 1t (1=14) 5
e . — Z—TT
Best fit : : [Ldt=2031" B Others
mH=120GeV mu=1.4 - (s=8Tev o Fakes
222 Uncert.

In(1+S/B) w. Events / 10 GeV

But mass sensitivity is quite low.

10} =

w. Data-Bkg.

160 180 200
mavc [GeV]

o

Z

100 120 140

~60 80
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Lepton universality ?

0125.5GeV m bb (57%)
M cc (2.9%)

* H>uu decay is also searched.

?O TT T T 1T TTTT T T o
= - ATLAS Preliminary o | = = Te(6.2%)
o - H—=pu e 0.02%
€ 60F —Observed . -
= - - Bkg. Expected det 007 1 m yy(0.23%)
2 505— Ei;c; _ gT. , _E mWW (22%)
%% A0F 15=8e = w77 (2.8%)
305_ Exclusion limit @125GeV: E _ _
- . matter particles guage particles
20:_ 9.8xSM E Istgen. | 2ndgen. f’ 3rdgen.‘§ (/ —— ~N
105 . U 9 mi’ 9 ;’\egs
E E E O C ; O E E@&?’l;ic Force
0107315 720 125 130 135 140 145 150 e ®
my [GeV] ; AR AR A -
This correspond to the BR(HDpp)<0.2% |¢ & @[ )W .WLSZ?
So, BR(H=>tt) >> BR(H=2> up) [
scalar particle(s)

Higgs boson does not universally couple
to fermions (leptons)
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Conclusion
Both ATLAS and CMS observed

significant excess in tautau searches. (”_-;yl’) .
ATLAS Pre”m. — o(statistica ota uncertainty
- RESUIt @ 125GEV: my, = 125.5 GeV — o(syst.incl.theo.) + 1o 0on 08
— o(theory)
» ATLAS: 4.1 (expected 3.20) o e
ubest=1'4+0'5'0'4 1= 1.550% ig?g I
« CMS: 3.4 o (expected 3.60) ——Frsp e TS
— Mp=0.87£0.29 H-22' = 4: 4y <020 -
. ° ° nL=1. 035 +017 : o
— This is 4th channel which observed T s
significant excess. ARSI i
. . . H=099 2 e 5 H—
— First strong evidence of fermion decay — B e T s
° ombined ol : L
of the Higgs Boson! Hom, 22, WWe o =
W= 1.33 L0142 :
-0.18| g'10 : T
_ +0.5 ATLAS-CONF-2013-079
W,Z H— bb o ;
H(124.3)>2z 4.40 6.60 p=02°7% T |
-0.6 |<0. i | |
H(126.8)>YY 4.10 7.40 H o> 70 (8TeV: 20.3 fb) 3 ATLAS,C?NF,MW ——
H(125)>WW 3.7¢ 3.80 n=1477% 00 | | i
H(125)> 1t 3.20 4.1c \s=7TeV [Ldt= 46481 05 0 05 1 15 2
H(125)>bb 1.60 0.40 \s =8 TeV [Ldt = 20.7/20.3 fb” Signal strength (u)
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Future prospect

\\\( )

<

W Updated coupling measurement
results are presented.

ATLAS Internal
(s =14 TeV: [Ldt=300 o' ; [Ldt=3000 fo*

-10% precision for
My
T Z Yt Y, YT
‘IS f
-8 50-100% improve !
) A
< i Yt can be measured
3 M by a few % precision!
‘@ ::: R
4 = Ay i
h’ 'é Mz

Ahyy=A
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Future prospect

Updated coupling measurement
re presented.

I A A
- ATLAS Preliminary t 1g pom: =000 &
3 _ A W :E:_; o ol
- — JLat=3001 T *1110% precision for
- - -1 ’,"' : 14
il [ Lat=3000 o L T YM, YT
: h | 50-100% improve !
i T i ____'_"' ,> Yt can be measured
10 3 #,I" Stay Tuned ! E by a few % precision!
o s=14Tev )
:Illi | IIIIIII| 1 IIIIIII| 1 IIIIIII| :
107 1 10 10°
mx[GeV] 0.2 0.3
Ay =A %)
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Backup
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arXiv:0901.0512 ; CERN-OPEN-2008-020

N T —— ATLAS
o 107 ¢ N )y .
Q - RN g
f_U 10-2 E_ e ~ r'll
- - - -~
o 3 [ S o
o 107 £ -
Q -
2 10% £
S 5[
10° £
i -1
10° E L=21b
. - ——-Combmed
107 ¢ =77 4
s f Y
10° ¢ i
1 0-9 _ expected WWQ0j — ev uv
95% CL exclusion = WW2j — evuy
10'10 ! | L ] L | L L L | ] L | L ] L | L ] L
100 120 140 160 180 200 220
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m, (GeV)
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Previous result

Last tautau public results are :

ATLAS-CONF-2012-160

One year ago...

8Sr4+————7 777
b% i I,.H ATJ_lAs Prelnminaryl ] %‘ ATLAS Prellmlnary }Ldt 46fb \‘ 7T v
imi © 7| -e-ObservedCL, [Ldt=46f"1s=7TeV | © - Ldt=13.01b", \s = 8 TeV |
lelt (exp):l.g(l.Z)XSM 5 F ExpectedCL [Ldt=13.0fb" 1s=8TeV ] 3 105 —Observed H — |
= 6— 2 —_ o Expected for SM Higgs Bos: E
e F I:I ] C ]
T 5: BNES Y 7] - Expected for SM Higgs Boson at m =125GeV |
| L -
pO(exp): 1.1(1.7)0 © |
© r &y L _—
3: ..... _:1(5
u= 0.7 10.7 2: 1
I 20
1 E
;I | I | ‘ I | | | | | | B | | I I | I; 7' S I L L I - J L ‘
000 110 120 130 140 150 100 110 120 130 140 150

my [GeV]

- * Repeated analyses by using full data
(13-220fb!) didn’t expect reaching evidence.
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Backgrounds in highest score bins (leplep)

Process/Category VBF Boosted
BDT score bin edges | 0.684-0.789 | 0.789-0.895 | 0.895-1.0 | 0.667-0.778 | 0.778-0.889 | 0.889-1.0
ggF 0.53 £0.26 0.8+0.4 0.7+04 53+2.1 52+2.0 1.7+ 0.7
VBF 1.15+0.35 20+0.6 5015 | 1.01 £0.33 1.5+0.5 0.67 +£0.22
WH < 0.05 < 0.05 < 0.05 0.71 £0.22 | 0.64 £0.20 | 0.16 = 0.05
/ZH < 0.05 < 0.05 < 0.05 0.36 £0.11 | 0.32+£0.10 | 0.06 = 0.02
Z—- 1t 7.6 0.8 9.0+0.9 4.6 +£0.6 97 +7 61.5+3.2 136 +1.3
Fake 2.8+0.7 5.8+2.0 45+1.7 10.1 £ 3.1 15+5 0.79 £ 0.29
Top 4.0+0.9 29+0.7 1.8+04 28 +7 15+4 3.5+0.9
Others 1.97 £ 0.26 3.3+£04 27+04 | 247+19 8.8 £0.6 2.34+0.24
Total Background 163 1.5 209+24 | 13.5+24 160 + 7 101 + 4 202 £ 1.8
Total Signal 1.7+ 0.5 29+09 57+1.7 74+24 7.7+2.5 26+0.8
S/B 0.10 0.14 0.42 0.05 0.08 0.13
Data 23 28 19 156 128 20

----M-W-

0.7x0.4 5.0x15 -- 46*x06 45*x1.7 1.8*+04 2.7x0.4 042

boosted 1.7%+0.7 0.7%*0.2 0.2%*0.1 13=*1 0.8*x0.3 3.5*x09 2.3%x0.2 0.13
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Backgrounds in highest score bins (lephad)

Process/Category VBF Boosted
BDT score bin edges | 0.5-0.667 | 0.667-0.833 | 0.833-1.0 0.6-0.733 | 0.733-0.867 | 0.867-1.0
gglF 22+0.9 35+ 1.5 1.2 +£0.6 7.7+£2.9 6.3 +2.3 55+2.1
VBF 41+1.2 92+27 7.5+£2.2 1.7+ 0.5 1.5+0.5 1.3+£04
WH < 0.05 < 0.05 < 0.05 0.95+0.29 | 0.85+0.26 | 0.81 £0.25
/H < 0.05 < 0.05 < 0.05 0.42+0.13 | 0.47+0.14 | 0.41 £0.12
Z -1t 28614 25016 | 241035 | 483+34 26.1 £2.7 184 +2.0
Fake 37.7+ 1.8 | 279 +2.1 3.5+0.5 27 +4 10.8 + 1.8 5.8+14
Top 6.5+0.7 4.1+0.8 1.5+£04 7.0+ 0.9 5.7+ 0.8 2.23+0.33
Diboson 29+04 3.0+ 0.5 0.23+0.04 | 48+05 4.0+0.5 1.69 +0.23
Z — (] = Thad) 8.7+ 1.7 3.3+£0.5 0.40+0.10 | 3.8+0.5 0.71 £ 0.07 < 0.05
Z — 0l = Thaq) 28+1.2 1.9+1.2 0.7+0.6 94+1.9 49+ 1.1 3.8+1.2
Total Background 87.2+£2.7 65+5 8.7+2.5 101 +6 52 +4 32+4
Total Signal 6.3+1.8 12.7 £ 3.5 8.7+2.4 10.7£3.3 9.2+28 8.0+2.5
S/B 007 020 10 011 018 025
Data 03

----m-m-

1.2+06 75%x2.2 -- 24*+04 35*x05 15*x04 13*x0.7 1.0
boosted 5.5*+2.1 1.3#*04 1.2%+0.3 18%*2 58%x14 2.2+0.3 55=*x1.2 0.25
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Backgrounds in highest score bins (hadhad)

Process/Category VBF Boosted
BDT score bin edges 0.85-0.9 0.9-0.95 0.95-1.0 0.85-0.9 0.9-0.95 0.95-1.0
ggF 0.39+£0.17 1 035+ 0.16 | 2.0+0.9 22+0.8 25+1.0 23+09
VBF 0.57+0.18 1 0.72+£ 022 | 59+1.8 [0.55+0.17 | 0.61 £0.19 | 0.57 £0.17
WH < 0.05 < 0.05 < 0.05 034 +£0.11 | 040£0.12 | 044 £0.14
/H < 0.05 < 0.05 < 0.05 0.22 +£0.07 | 0.22 £ 0.07 | 0.22 £0.07
Z—-> 1T 32+0.6 34+0.7 53+£1.0 157+ 1.7 | 123 £1.8 9.7+1.6
Multijet 3.3+0.6 29+0.6 59+£0.9 52+0.6 3.7+ 0.5 1.40 £0.22
Others 0.38+£0.091049+£0.12 | 0.64+£0.13 [ 1.49+£0.27 | 28+05 | 0.07+0.02
Total Background 69+13 6.8+1.3 11.8+£26 | 224+£25 188 +2.8 | 11.2+1.9
Total Signal 097029 | 1.09+£031 | 8.0x22 3.3£1.0 3.8+x1.2 3.6x1.1
S/B 014 016 067 015 02 0’32
Data

----mm-

2.0x0.9
2.3%0.9

boosted

7th Jan, 2014

59+1.8
0.6Xx0.2

0.7%x0.2

5.3*x1.0
9.7x1.6
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5.9%+0.9
1.4=%+0.2

0.6*0.1

0.67

0.07Xx0.02 0.32
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HTh

€T,

ey

e, Uy

Tty

Full categorization chart

O-jet 1-jet | 2-jet
p™ > 100 GeV
p > m; > 500 GeV | m; > 700 GeV
' 100 GevV | |An| >3.5 |an| > 4.0

po(T,) > 45 GeV high pq(t;)  high py(t;)
baseline low pr(Ty) low p+(T;)
oift)»45Gey  MINPilT) | Highprin
baseline low py(ty) low p-(T;)

Emiss > 30 GeV
brlb) > 35 GeV high pr{u) high p+(1)
baseline low pril) low p+()
D.{l) > 35 GeV high pyl) high pr()
baseline low prl) low pr{)

boost

baseline
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py > 100 GeV
my > 500 GeV
|An| > 3.5

pr > Pt o>
100 GeV 170 GeV
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For 7TeV analysis,
loose and tight VBF
categories are
merged.

ljet e-had cahnnels
used MET>30GeV
cut.
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Signal strength

Events split by categories Events split by channels
CMS Preliminary, 4.9 fb" at 7 TeV, 19.7 fb™" at 8 TeV CMS Preliminary, 4.9 fb™" at 7 TeV, 19.7 fb™ at § TeV
L] I L] : L] I L] L] L] I | I L] : L] I L] L] L] I
m,, = 125 GeV . ° m,, = 125 GeV ee
-~ 0-jet : 0.05+1.60
0.40+1.13
° U
-0.54+1.38
1-jet : ey
1.06:40.47 ’ 0.90+1.03
. “nh
1.31£0.72
— 2-jet (VBF tag) et,
: 0.93+0.41 -
0.3040.62
._._: L Ho1t : 1.0440.42
: 0.87+0.29 : Hore
L. A T | i | 0.87+0.29
0 2 4 0 2 4

Best Fit for o/og,, Best Fit for 6/og,,
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