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Search Overview

High resolution channels: clean signature, full reconstruction, good
mass resolution. 5.8 fb! 2012 data today, 13 fb! Thursday?

AN
Channel Mass range ey detector Main
(GeV) requirements backgrounds
H->vy 110-150 photon Y, Vi, i
H—>Z7Z->4l 110-600 lepton 77, Z+jets, top
H->bb (WH/ZH) 110-130 jets, b-tagging W/Z+jets, top @
H->t (Il, Ity, TTh) 100-150 lepton, jets, ETmiss Z+jets, jets -
H->WW-=Ivlv 110-600 lepton, jets, ETmiss, b-veto WW, W/Z+jets, top, Wy %
H->WW-lvqq 300-600 lepton, jets, ETmiss, b-veto W+jets, jets
H->Z7Z->llvv 200-600 lepton, ETmiss Z+jets, ZZ, top
H->ZZ->llqq 200-600 lepton, jets, ETmiss, b-veto Z+jets, ZZ, top

~

Low resolution channels: poor mass resolution, strong dependence on jet
and ETmiss performance, updated with 13 fb* 2012 data.
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H - yy: Discovery Results

A minimum p, at 126.5 GeV: p, =2x10° = 4.5¢
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The best fit signal strength: u = =1.8+£0.5
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H->ZZ*-4l: Discovery Results

A minimum p, at 125 GeV: p, =2x10™* = 3.60
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The best fit signal strength: u =

my [GeV]
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H>oWW*=>lviv

Main background:

SM WW (irreducible)

MC shape, data normalization
(Powheg, MCNLO, MCFM, ...)

V.. Top (pair or single):
MC shape, data normalization
(MCatNLO, Powheg, AcerMC,...)
WZ, Wy, Wy*, ZZ:
V- MC, validated with same-sign
_ Powheg, Sherpa, MadGraph...
HCP analysis: _( ’ P Ph-..)
- 13 fb! of 2012 data; Wrjets: o
- 0-and 1et Data shape and normalization
G(H—)WW*—)ZVKV)%ZZO fb Z¥jets:

MC shape, data normalization

(8 TeV, m=125 GeV) (ALPGEN, Powheg, Sherpa)

=> ~2900 events in the sample
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Jet Binning

Background composition varies
strongly with jet multiplicity;

T | T T T | T T T I

L I T T T [ T T T [ T T
14000~ _— 4 Data % SM (sys @ stat) —
@ - ATLAS Preliminary oW &= wzzzw

: : 12000(~ \s=8TeV, [ Ldt = 13.0 b Ol @ sdetep
Signal-background ratio degrades oW onvey e B

as jet multiplicity increases.

\IIIIIIII

— Separate analysis for 0-, 1-

lIlJII[lII]IIllIIJIIIIIIII

and 2-jets.
gg—>H signal cross section in jet bin n: R R
N,

Jetbinn: o, =0,

xf (I\/IC)

o, NNLO+NLL calculation, f, from MC simulation. Their uncertainties
are calculated separately as (Stewart-Tackman):
0,=0,,—0O

>n-1 — (Aan )2 = (Aazn )2 + (Aazn—l)2
Ao, [0, ~8%, Ao, /o,~20%, Ao, /o.,~T70%,

Ao, /o, and Ao, /o., are currently calculated using fixed order program.
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H->WW*->epvv

Due to large pileups in 2012, only e final state has been analyzed
6 categories: (eu, ue)®(0-jet, 1-jet, 2-jet)

- Separate final states depending on leading leptons;
- 2-jet analysis Is ongoing

Preselection: 7 ETm';T before the cut
_ > 10 T
2 > 25,15 GeV with |77| <25 & 10 ATLAS Prel|m|nary o e ﬁ“g;;;;m‘g
n .
miss . - \s=8TeV, J Ldt=13.0fb" [CJi [ SingleTop

ET,Rel > 25 Gev’ % 10° H—>WW(*)—>evuv/uvev B Zeets %\::Ztsseevl 3

—Jets:p; >25GeVand [7|<25 & ¢ :

otherwise p; >30 GeV 10° 3

10° ]
Emlss _ E'Ir'mss A¢2 7[/2 10
TR EMSsinAg Ag< /2 1
A= min{A¢(I§Tm‘SS,£/jets)} o

0 50 100 150 200 250

ETes [GeV]
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H->WW*->epvv

Significant background remains after pre-selection, apply
topological selections for further background reduction:

0-jet selections — p; >30 GeV;

—m, <30 GeV;  — Focus on low mass region.
~Ag, <1.8

Similar for 1-jet analysis, with additional b-jet veto
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H->WW*->epvv

Non-WW dibosons (WZ/ZZ/Wvy) and Z/DY:

Diboson: real leptons, real ETmiss; Z/DY: real lepton, fake or real ETmiss
Both normalization and m; shape from MC

W+jets:
Fake leptons, real ETmiss: both normalization and m; shape from data

Non-WW dibosons and W+jets processes contribute to both same-
and opposite-sign dilepton events = validation with same-sign events

v = T T T [ T T T T I T T T T I T 17T | T LI | | T T L. ]
m : p > 60.—' T T T T [ T T T T I T T T I T T T T I T T T ]
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S E fo-aTeV [ Lat= 130" —J N el 2 5o Vs=8TeV,[Ldt=130f" [Ji  [HSngeTop ]
P 30:_ H—>WW{'}—>evpvf|.wev (0 jets) B H (125 GeV] @ E Howw ! ey / 0 iet B Zvjets [T Wriets N
= - < - uv/uvev (0 jets) BB H(125GeV] .
e 25 . Q40 -
L = same-sign L C ) ]
ks 30f- same-sign
157 W C . x
F e i 20 E
10 7 N ]
10F =
G: : = 2
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Ag, [rad] my [GeV]
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H->WW*->epvv

WW and backgrounds: real leptons and real ETmiss
Normalization from data and m; shape from MC

Estimating WW and top N &t _( Ns g

Data Data
] XNcr =ayc XNcg
MC

. S.R. T
background from data: cR
Scaling using data WW : m,, >80 GeV;
control regions (C.R.): Top: reverse b-jet veto
% 250:"”'[]""T""'|.""|'_'*‘_'D[t"';;:él\;([s;s!@'st;t;'—_‘ > 4010 ] o s s S e s B S L B ]
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Q B T » 4
S L 1 Q - . .
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H->WW*->epvv

The transverse mass as the final discriminant
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125 GeV: 0.75m, <m, <m,, (illustration only)

Signal WW  WZ/ZZ|Wy tt tWitb/tgb Z/y" +jets W +jets | Total Bkg. Obs.

H+0-jet | 45£9 242+32 26+4 [6+£2 11+2 443 34+ 17 | 334+28 | 423

H+1et | 18£6  40+£22 1042 3713 1347 2+1 11+6 114+ 18 141

= Significant excess over estimated background!
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Source (0-jet) Signal (%) Bkg. (%)
Inclusive ggF signal ren./fact. scale 13 -
[-jet incl. ggF signal ren./fact. scale 10 -
PDF model (signal only) 8 -
QCD scale (acceptance) 4 -
Jet energy scale and resolution 4 2
W+jets fake factor - 5
WW theoretical model - 5
Source (1-jet) Signal (%) Bkg. (%)

-jet incl. ggk signal ren.
2-jet incl. ggF signal ren./fact. scale
Parton shower/ U.E. model (signal only)

b-tagging efhiciency

PDF model (signal only)
QCD scale (acceptance)

Jet energy scale and resolution
W+jets fake factor

WW theoretical model

i S

ot g

Systematic Uncertainties

“Theoretical” uncertainties on the signal already dominate in
this channel. Need your help to bring them down!
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HéWW*éeva

T | T L (=] T I T T T T T T T T T T T T T T I T T T

T T T T T T T D_
120_ ATLAS Prellmlnary —+— Bkg. subfracted data = 105 = ATLAS Preﬁminary
8 10%kE Howw!" / 0/1 jet
C \s=8TeV, [Lat=130f" [ Huzseev 9 — —evuv/uvev (0/1 jets)

Events / 10 GeV

100_— 10° ’ . ) p
C HowW ' —evuvipvev (0/1 jets) 102 \s=8TeV: [Lat = 13 1b
80L- 10k . 125 GeV —
- --EXp. M = e 42
F Data-Background " B:20
60 +
40 +

20
-
0 -
| I T S N T TR SR A NN T A SN TR TR N SR TN SN T N T SR RN B | | 1 I 1 | \ L A | i I i | i i L | | 1 \
50 100 150 200 250 300 100 120 140 160 180
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p-value of background only hypothesis:
Observed: p, =4x10™ (2.60); Expected: p,=0.03 (1.90)

Fitted signal strength at 125 GeV:
oxBr ., TEaisee

= =1.48"22 (stat t th t expt)+0.05(]1
A= By~ L4863 (stat g Sy heory . (systexpt) 0,05 lumi
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H— bb

H—bb has the largest branching ratio at low mass,
Br(H —bb )=57.7% @ m,, =125 GeV

but suffers from overwhelming backgrounds in the dominant ggF
and VBF productions without a leptonic signature

Exploring the leptonic decays of W/Z bosons of the associated
production, analyzing three different final states
0 lepton: ZH — wvbb

1lepton: WH — ¢vbb
2 leptons: ZH — ¢¢bb

Events in 13 fbl at 8 TeV

ZH — wbb: 590 events
WH — ¢vbb: 1130 events
ZH — ¢/bb: 200 events

q

Higgs Identification, Santa Barbara, December, 2012 Jianming Qian
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H — bb Backgrounds

W/Z+jets:
shape from simulation, normalization from data (Powheg, ALPGEN,
Sherpa, ...)

Top pair and single top:
shape from simulation, normalization from data (MC@NLO, AcerMC,

)

Diboson (WW/WZ/ZZ).
both shape and normalization from simulation (Herwig, Powheg, ...)

Multijets:
Data-driven methods

Categorization to take advantage of different S/B ratios:
- 3E™ categories for ZH — whbb : 120-160, 160 — 200, >200 GeV

« 4 p} categories for WH — ¢vbb : 050, 50-100, 100 — 200, >200 GeV;
« 4 p} categories for ZH — ¢¢bb : 0—50, 50100, 100 —200, >200 GeV;
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H — bb: Selections

Object [ 0-lepton ‘ 1-lepton ‘ 2-lepton
. 0 loose leptons | tight lepton | 1 medium lepton
. Leptons
Pre'Selecuon . + 0 loose leptons| + 1 loose lepton
_ : 2 b-tags 2 b-tags 2 b-tags
two b-tagged jets . pl > 45 GeV ph>45GeV | pl>45Gev
in all three final p3 > 20 GeV p3 > 20 GeV p3 > 20 GeV
states + < | extra jets + 0 extra jets -
miss _ miss
Missing Er ET™ > 120 GeV ET™ <60 GeV

pfl‘:'i“fs > 30 GeV
Aqb(E'?‘uss’[_)'lIl‘nss) < JI’/2
Min[A¢(ET"™, jet)] > 1.5
AG(EF"™,bb) > 2.8
Vector Boson - mf}v < 120 GeV |83 < myge < 99 GeV

0-lepton channel
EMs (GeV)| 120-160 160-200  [>200
AR(b,b) | 0.7-1.9 0.7-1.7 <15
1-lepton channel
py (GeV) [0-50/50-100{100-150|150-200>200

AR(b, b) >0.7 0.7-1.6 |<1.4
Category-dependent ET (GeV) T N
selections my (GeV) > 40 | -

2-lepton channel
p%(GeV) [0-50/50-100{100-150[150-200>200
AR(D, ) >0.7 0.7-1.8 <1.6
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H— bb: W/Z+jets

W/Z+(light, b, c)-jets normalizations determined from data control
regions (pre-tagged, 1-tagged, ...) through template fitting;

Shapes of individual components from MC simulations;

Correct MC predictions Vs =8 TeV Vs = 8 TeV
using rescaling factors. Zrc | 0.71£0.23 Top | 1.29£0.16

Z+light | 0.98 £0.11

W+ light | 1.01 = 0.14 W+b|079+£0.20

Pre- -tagged samples

x1
300_. —T — 50000 — L A s B S S B B S S S S B
B 30000 > E ATLAS Preliminary -+ g.a'af 1 2 ' ATLAS Preliminary -&-Data2012 7
igna ‘
2 2 E _[ Ldt=13.0 ", \s =8 TeV = Do 2 Ldt=13.0 6", \s =8 TeV = pigral
o o — 5=8Te i — o =13.. ,\s=8Te i
— 25000 - % W = q T 40000 | I\Dﬁiltilct:”sec‘:n .
~ ~ C CJt J -~ C - =, ]
g g sooF 1 Lepton, Pre-Tag, 2 Jets, P> 0 x“ - g - 2 Leptons, Pre-Tag, >=2 Jets O
c £ W g - It
g 20000 g r B Wece € 30000
it it E - W it L CIz+
r [ 1 z4l
= 150 B Z+c
15000 r EEpas
C . 7+ Bl Z:b

10000F 100F

5000[- s0—

e} 25 = ] e} 2; __ e} 2:
s : s g 1 s g
1‘3 150 O |ept0n —_ E;E 15 1 Iepton E E;E 1.5:
e 1_ *—&—%—WH*_*_“*' -+-+*++J“4 o 1-0"%—0-4*-.—.—0-..“-0-—1—!— - : a I
°s 55 100 150 200 250 °s 55 10 150 200 250 °° 50 100 150 200 250
m,; [GeV] m,; [GeV] m,; [GeV]
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H — bb: Yields

Signal-background ratio ~ 1-3%

0-lepton, 2 jet | 0-lepton, 3 jet 1-lepton 2-lepton

Bin EX [GeV] py [GeV] pa[GeV]
120-160{160-200>200/120-160{160-200>200| 0-50|50-100{100-150{150-200{> 200|0-50{50-100{100-150|150-200|>200
ZH 2.9 2.1} 2.6 0.8 0.8 L1 03 04 0.1 0.0 0.0 47 6.8 4.0 1.5 1.4
WH 0.8 04| 04 0.2 0.2 0.2/ 10.6/ 12.9 7.5 3.6/ 3.6 0.0, 00 0.0 0.0/ 0.0
Top 89 25 8 92 25| 10} 1440, 2276 1120 147| 43| 230] 310 84 3 0
W + ¢ light 30 10 5 9 3 2| 580[ 585 209 36 17, 0 0 0 0o 0
W+b 35 13| 13 8 3 2| 770 778 288 77 64 0 0] 0 o 0
Z + ¢ light 35 14| 14 8 5 8 17 17 4 1 0] 201 230 91 12| 15
Z+b 144 51 43 41 22 16| 50 63 13 5 1/1010] 1180 469 75| 51
Diboson 23 11 10 4 4 3] 53 59 23 13 7 37 39 16 6 4
Multijet 3 1 1 1 | 0O 890 522 68 14 3] 12 3 0 o 0
Total Bkg. 361 127| 98 164 63| 42| 3810, 4310{ 1730 297| 138]1500] 1770 665 971 72
+29 11|12 =+£13 +8| =5\ 150, =86 £90] 27| £14{x90] £110| =47 =12|x12
Data 342 131 90 175 65| 32| 3821 4301f 1697 297 1321485 1773 657 100 69

m,,, as the final discriminant, typical mass resolution ~20%

45(-

35
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25

Events/20 GeV

20F
15F

10

s0f

O-lepton, Em'SS > 200 GeV

L ATLAS F Prellmlnary

.[L dl‘—u.ﬂ!b 15s=8TeV
0 Lepton 2 Jets, E7** > 200 GeV

-ZH
mwH

Multijet

EELEAR, A
L

140
Mg [GeV]

Events/20 GeV

1-lepton, pT > 200 GeV

™ T
-ZH
wH

Multijet
Top

= ATLAS P Prellmlnary

- I.Ldl‘—u.ﬂ!b 15s=8TeV
1 Lepton 2 Jets, p}' > 200 GeV

80 100 120 140 160 180

Mg [GeV]

Events/20 GeV

s .ZH
25 I Ldt=13.0f5", |5 =8 TeV Muitijet
2 Lepton 2+3 Jets, p > 200 GeV Top
. [ i

20

15
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2-lepton, pT > 200 GeV

[ ATLAS Preliminary o
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" |Diboson
--- Pre Fit
-#-Data 2012
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IIllIlllllJIlJJII]IIIIlIII-

20 40 60 80
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Diboson Production

WZ/ZZ production with Z—bb have the similar signature as the
signal, but with 5x the rate;

Perform the similar analysis to validate the search, observe clear
excess with a significance of 4.0c and a signal strength 1.05+0.32.

E 400 ATLAS Prellmlnary - W22z

o I Ldt=13.0fb", (s =8 TeV .WH 195G

gy eV
% 300 Ith47m Is=7TeV

S ZH 125GeV
= 0,1,2 lepton

w200 -o- Data - Bkgd

100

L
e

1 | 1 1 L | 1 1 1 I L
50 100 150 200 250

l_*l_rllllllllllllllll-

+

0

?F

-100
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H — bb: Systematics

Dominated by experimental systematics:
b- and c-jet tagging, pileup, jets and Etmiss, ...

Major theoretical uncertainties are

Higgs pT spectrum, MC modeling, ...

Background uncertainties

Signal uncertainties

Systematic [%] | Olepton | 1lepton | 2 leptons
b-tagging 6.5 6.0 6.9
c-tagging 7.3 6.4 3.6
light tagging 2.1 2.2 2.8
Jet/Pile-up/EX™s | 20 7.0 5.4
Lepton 0.0 2.1 1.8
Top modelling 2.7 4.1 0.5
W modelling 1.8 5.4 0.0
Z modelling 2.8 0.1 4.7
Diboson 0.8 0.3 0.5
Multijet 0.6 2.6 0.0
Luminosity 3.6 3.6 3.6
Statistical 8.3 3.6 6.6

Systematic [%] Olepton 1lepton | 2 leptons
ZH | WH WH ZH
b-tagging 89 | 9.0 8.8 8.6
c-tagging 0.1 0.1 0.0 0.1
light tagging 00| 0.0 0.1 0.3
Jet/Pile-up/EXSS 19|25 | 67 42
Lepton 0.0 | 00 2.1 1.8
H — bb BR 33| 33 33 33
VH pr-dependence | 5.3 | 8.1 1.6 5.0
VH theory PDF 3.5 | 35 3.5 3.5
VH theory scale 1.6 | 04 0.4 1.6
Luminosity 36 | 36 3.6 3.6

Higgs Identification, Santa Barbara, December, 2012
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H — bb: Results

No significant excesses are observed:
95% CL limit at 125 GeV 1.8 (1.9) x SM observed (expected);
p-value of background only hypothesis: 0.64 (0.15)

Signal strength:

—0.4+0.7(stat) £ 0.8(syst)

o x Br
xBr)

(0' Br).,
36_I""|""| T T T ]
S ATLAS Preliminary ]
©  5F —e Observed (CLS)G=7,8Tev,_[Ldt=4.7,13.0 b
2 - Expected (CLS)yHbp), combined i
= T [ ]+1c
= 4 [ J+2c ]
—i i
o Z
2 3 .
Tg) -

@ -
2
1=

0: | | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 ] 1 | i

110 115 120 125 130

m [GeV]

| ATLAS Preliminary VH (bb)
_____ E::: I L dt=4.7 5", \s=7 TeV,I Ldt=13.0 16", (=8 TeV
-_--"-""-—-___
PR A T N R T N S SR T TAN NN TR TR TR TR RN T TR ST R
110 115 120 125 m13[?3eV]
H

Oo

1o
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H->1t

An important search channel at low mass, likely the only final

state for Higgs-lepton coupling measurements for a while.

Three search final states depending on tau decays:
H — 7t — 0/ +4v (12%)

H—r— (7, +3v (46%)
H—>rr— 11, +2v (42%)

Hadronic tau identification:
One or three charged tracks;
Collimated calorimeter energy deposits;
BDT with calorimeter and tracking variables

T decay

Major backgrounds:

Z(—rt)tjets, estimated using embedding method
Multijets, estimated using same-sign events.

Higgs Identification, Santa Barbara, December, 2012 Jianming Qian
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H->1tt: MMC

Tau pair mass (m_,) as the final signal-background discriminant,
reconstructed through the Missing Mass Calculator (MMC)

- Advanced version of collinear approximation method;
- Take into account tau decay kinematics: ___

v. A & T [1l-;;r$r;gl*cldle::a3; |
g i i | 45<p <50 [GeV] |
Soors|- ' ATLAS Simulation -
g T Z—T Simulation
0.01 _— — Probability function
Neutrinos and visible tau decay i
have non-zero angle 0.005{-
- Under-constrained system y
= choose the solution with the Y/
maximum likelihood %" os o1 015 02

Resolution 13-20%, depending on decay mode.

Higgs Identification, Santa Barbara, December, 2012 Jianming Qian 24



H->tt: Embedding

Z—171 IS the most dominant background for all H—tt searches,
Its contribution is estimated from the Z—puu data through
embedding

2 1gl ee+eu+uuPreselecton 1

- select Z—pp candidates in data; 3 . F - 7-ytz Embedded -

) © [ ge —— Z—11 Alpgen MC

- remove muon tracks and their £ 0.140 2/ Emb. syst. E

. — N 5 B .

expec?ed calorimeter energy < o012 3 [Lat=1301" E

deposits from the events; - s \s =8 TeV ]

_ 0-1:_ g ATLAS Preliminary -

- replace them by simulated tau 0.081 . E

decay products; 0.061 Hosa = Tne

) - 8 :

- re-run the full event reconstruction  o.04f © -

C ® ]

002__ F . ]

- @

= All except t decays are from Obdel . . i .. | ®esnseccsssss
0 50 100 150 200 250 300

data! MMC mass m,, [GeV]

MC does a decent job...
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H->1tt: Categorization

Dividing analysis into different categories to improve sensitivity

Lepton-lepton final state:

- VBF topology: 2 jets, An(jj)>3, m(jj))>400 GeV;

- WHY/ZH topology: 2 jets, An(jj)<2, 30<m(jj)<160 GeV
- Boosted topology: pT(tt)>100 GeV

- 1-jet analysis: m(tt))>225 GeV

Lepton-hadron final state:

- VBF topology: An(jj)>3, m(jj)>500 GeV;

- Boosted topology: pT(tt)>100 GeV,

- 1-jet analysis: exact one jet with pT>30 GeV
- 0-jet analysis: no jet with pT>30 GeV,

Hadron-hadron state:
- VBF topology: An(jj)>2.6, m(jj))>350 GeV
- Boosted: pT(1)>70 GeV, AR(t1,72)<1.9
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H->1tt: Selections

These are very complicated analyses....

Lepton-lepton

2-jet VBF | Boosted | 2-jet VH | I-jet

Pre-selection: exactly two leptons with opposite charges

30 GeV < mge < 75 GeV (30 GeV < mge < 100 GeV)
for same-flavor (different-flavor) leptons, and pr¢1 + pr.e2 > 35 GeV

S/B ratio:

Atleast one jet with pr > 40 GeV ([JV Fieq| > 0.5 if [nje] < 2.4)

5-10% for VBF

ETT“‘SS > 40 GeV (E'{J‘SS > 20 GeV) for same-flavor (different-flavor) leptons

HT™ > 40 GeV for same-flavor leptons

<~19% for the rest

0.1 < X12 < |

(integrated over

0.5 < At}f!g{ < 2.5

pr.j2 > 25 GeV (JVF)

excluding 2-jet VBF

pr.j2 > 25 GeV (JVF)

excluding 2-jet VBE,
Boosted and 2-jet VH

whole mass range)
A’?jj > 3.0

pror > 100 GeV

excluding Boosted

Merj > 225 GeV

mjj > 400 GeV

b-tagged jet veto

Anj; < 2.0

b-tagged jet veto

b-tagged jet veto

Lepton centrality and CIV

30 GeV < mj; < 160 GeV

b-tagged jet veto

e + [+ e
VBF category Boosted category VH category 1-jet category
gg — H (125 GeV) 1.3£02+04 124 £06+29 25+£03+06 1.0£05+1.6
VBF H (125 GeV) 3.63 £ 0.10 + 0.02 3.36 £ 0.09 £ 0.30 0.21 £0.03 + 0.02 1.82 £ 0.07 £ 0.18
VH (125 GeV) 0.01 = 0.01 + 0.01 220 +0.05+£0.22 0.64 = 0.03 £ 0.09 0.44 =+ 0.02 = 0.05

Z/¥* — rrembedded 472+ 1 (1.24 = 0.01 + 0.08)x 10° 33T 26 (0.86 = 0.01 = 0.06)x10°
Zly* — € 14312 (0.21 £0.02 £ 0.0H)x 107 (0.08 = 0.01 £0.02)x10° (0.16 = 0.01 £ 0.03)x10°
Top 15223 (0.39 £ 0.01 = 0.07)x 10 B7 +4+£23 1175+ 18
Diboson 336+£08 0.6 55+£3+10 1514 4037
Backgrounds with fake leptons 12+2+3 102 £7 £23 B +4+16 230 £ 8 £ 52
Total background Q1 +5+5 (201 £0.03 £0.12)x10°  (0.66 = 0.02 + 0.05)x10°  (1.40 = 0.02 = 0.08)x 10°
Observed data 98 2014 636 1405
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Events / 20 GeV

' ee+ e+ uu Har2iet VBF

—e— Data
— 2x H(125)>11
B Z-tt
Bl Z-eeup
Bl (i+single-top
Wwwzzz

[ Fake leptons
77z BKkg. uncert.

j Ldt=13.0fb'

\s=8TeV
ATLAS Preliminary

lJJllJJllJJllJJllJJIIIIIIIIII

40(
MMC m,. [GeV]

Events / 20 GeV

H

>TT: M

Likelihood fit to m__ distributions to
extract upper limits and calculate

significance.

oo I R L s B
- U oy + €T H+2-jet VBF 8
20p —e— Data 4 ©
18F — H(125)—11 4 ~
160 e B Z 5t E *‘3
: Il Others 19
14 [ Fake t 4 uw
12; 7277 Bkg. uncert. _E
1ok [Lat=130m" 3
85— \s=8TeV _E
- ATLAS Preliminary 7
o E
ar E
o . -
00 50 100 150 200 250 300
MMC mass m,, [GeV]
p=
W
°
[
=
5]
E
3
i
@)
R
0
o

VBF analysis as an example:

- excess in 2-lepton;

- deficits in 1-lepton and O-lepton
— Neither excess nor deficit combined

= T T T T I T T T T l T T T T |_
30 Thadthag H+2-jEts VBF
_ —e— Data ]
o —— 5x H(125)=tt ]|
25- B - A
N I Multi-jet ]
B Cthers B
201 7/ Bkg. uncert.
i ILdt:‘l&be" ]
150 \s=8TeV -
- ATLASPreliminary]
10 -
S * -
100 150 200 250
MMC mass m_, [GeV]
12 T | T T T T I T T T T | T T T T | T T T T | T T T T | T
| H— 11 (VBF) ATLAS Preliminary
I —e-ObservedCL, |Ldt=46fb"\s=7TeV -
101 __. Expected CL, | Ldt=13.0f"\s=8TeV _
T [J+t2c i
g E+16 -
6k _'
4 :
2t ]
0: l | I - — I 0 T T —) l L L1 1 l il Ll | 1 - L ] T
100 110 120 130 140 150

my [GeV]
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H->17t: Results

Combined results from all searches at m =125 GeV:
95% CL limits: 1.9 x SM observed and 1.2 x SM expected
Significances: 1.1c observed and 1.7c expected

EBll‘"'I""[""]""l""ll o T T T T [ T T T T [ T T T T [ T T T T [ T T T T3
Q‘” L Homw ATLAS Preliminary ] o - ATLAS Preliminary [ Ldt=46fb", \s=7TeV 1
(o) 71 —e—ObservedCL_ [Ldt=46f"\1s=7TeV -| & - JLdt=13.0fb" \s=8TeV
g - --- Expected CL, det: 13.0fb", 1s =8 TeV B S 1oL —Observed H — tt |
.E 6:— EE E 0 --- Expected for SM Higgs Boson
3 5:_ Etto _: - Expected for SM Higgs Boson at mH=12SGeV .
- - i i
o
X 4r
Te) B
SF -

3

2f

1=

0; I | 11 | I 1 | | | | 1 | | 1 | 1 | | 1 | | 1 | 1 I T : 1 | 1 1 I 1 1 1 | [ 1 | | 1 ] | L 1 1 I 1 1 L 1 :
100 110 120 130 140 150 100 110 120 130 140 150

my [GeV] my, [GeV]

A small overall excess with a best fit signal strength u=0.7+0.7
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Combination

10— ATLAS 2011 - 12 \s=7-8TeV ™
1_

__ “ 6 110 115 120 125 130 135 140 145 150

I 0 R—
_10_ —— Observed E| Expected Slgnal+10 7]
110 150 200 300 _ 400 500

my, [GeV]

Moving beyond p-value and significances...
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Mass and Signal Strength

m, [GeV]

vy and 4| dominate the mass
measurement

The current best estimate
m = 126.0 + 0.4(stat) + 0.4(sys) GeV

The overall signal strength

o x Br

=1.3+0.3

(O'X BI’)SNI

= 10: "‘I”"I””l'”'[""I""”':_25 EI
::: o= ATLAS Preliminary = :3:_
qg; 8% H>WW' )ﬁevuv/uvev é log £
5 JE \s=8TeV; Ldt=13f" 3 o
© - =
5) 6;— — 2InMp,m)=23 i —{15
7)) = N N PP -21In l(u,rnH) =6.0 =
S E- —@— H-WW"Siviv (2012) _;
4F "‘,‘. —F— H-yy (2011+2012,4.8+5.9fb ™) — —10
F S ov, —— H-ZZ" I (2011+2012,4.8+5.8fb )
3 $ =
2F - 4 -5
1E~e_ e E
E L1 rl.-l-l-l-r.x-l:l‘l-r-.l--x-'l-l_l'|-|'x'|'x'l'|-1'x'|'l'|‘l'x'l:l:'l:lzl:x.;r'.x.| 1 = _ | 0
‘P10 115 120 125 130 135 140 145 150 155

l l I
ATLAS Prelimi

W,ZH — bb

\s =7 TeV: [Ldt= 4.7 b
Vs =8TeV: [Ldt=13 1"
H— 11

Vs=7TeV: [Ldt= 4.6 "
\s =8 TeV: [Ldt =13

H— WW" = viv

Vs =8 TeV: [Ldt= 13"

H— vy
\s =7 TeV: |Ldt= 4.8 "
\s=8TeV:|Ldi-5.0 1"

H— 77" - 4l

\s=7TeV: [Ldt= 48"
\s=8TeV: [Ldt=58"

|
nary

: my = 126 GeV

Combined
Vs =7 Tev: [Lat=46-481"
\s =8 TeV: det =58-13f"

I I

v

1.3+0.3

i—.—

-1 0 +1
Signal strength (u)
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Hygrovn ™ B/Bgy

Hygeavn B/Bgy

Production Processes

T e
- ATLAS Preliminary 2011 + 2012 Data -
10 \s—7Tev: [Ldt=481b" Ho yy -
C 1s=8TeV:|Ldt=591" ]
e + Standard Model ]

- % Best fit -
61— — 68% CL ]
B --- 95% CL .
4 -
2F -
of H->yy -
'2% 1 P | | I | -
0 1 2 3 4 5 6
H'ggF-o-rtH B/BSM

1O =
- ATLAS Preliminary 2011 + 2012 Data
8~ \s=7TeV: [Ldt=47 0" Ho W = vy —
- {s=8TeV:|Ldt=58591b" —
6; + Standard Model _]
C % Best fit ]
B _ — 68% CL ]
4 <=~ 95% CL ]
2~ -
o -
2F H->WW* -
C | L R ST e L1 ]
1 0 1 2 3 4 5
“’ggF-&-ﬂH % B/BSM

Separate the production processes
- fermion coupling: ggF and ttH;
- vector boson couplings: VBF & VH

consistent with SM within 1-2 sigma,
but precision is poor...

E f—T T T T T T T T T T T T T T T T
5 OF " ATLAS Preliminaly ' | E
Qo u J‘ 8 ¥ best fit .
om 4__ L=46fb ,\s=7TeV % best fit (u>0) ]
XI C -[ L=13.0 lb-1, \s=8TeV 95% Contour ]
> 3 - ----- 68% Contour ]
0 - 4 SM prediction 1
Q - ¢ Background only
= .
A (R — my=125GeV
1 -
o =
-1- .
-2 =
- H>171 .
SBee e b e b e b

-2 0 2 4 6

n _xB/Bg,

ggF
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Coupling Fits

Decompose production and decay as
o Ty
I'y

and parametrize couplings with rescale factors, for example

o X BR(ii > H— ff) =

1<::‘
(c-BR)(gg = H—1vy) = osm(gg = H)- BRsm(H — vy) -
. . KH
Various assumptions to reduce number of rescale factors
, Fermlon Vs boson couplmgs |-00P COUP"“ES
* f ATLAS Prellmlnary I + sml IE * 2'5— ATLAS Prellmlnary | + lsm | I -
af- I 1 x Bzelstj{t( 23] [ 1s=7TeV, [Ldt = 481" X %QF#R‘( )<23 i
- = —48fb —-2InA(k,_,kp) <2.3 ; — K Kg) <23
g :z ) Qjﬁ Itj: =;:'f5b9 @ 21N A(KV,KE) <6.0 ] o 1s=8TeV,fLdt=5859mT T Afx! "ko) <6.0 —
2F ’ S - . - ]
1 fl@' E s .
of— —f - “-\‘ i
- P liiisiiinii b DO ] 11— ; —
A @_/ = i
F T ] 08 LT
'8.4 0|6 018 ‘; 1!2 1|4 1l6 1E8 0.16 0}8 1I 1{2 1{4 1{6 118 é 2!2
Ky Ky
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Summary

Nothing has really changed since summer
- the discovery is still there;
- still no conclusive results from fermion final states;

Transition from discovery to measurements:
- precision measurements of the mass;
- production cross sections;
- Separate production mechanisms;
- spin and CP measurements;
- coupling measurements

A few 2-3 sigma effects here and there, more headache
than excitement so far, stay tuned...
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Higgs Boson Production

gsF
g t : HO
g t
Yukawa
Coupling
t T fusion
: W.Z w2
- 0
; H
W, Z bremsstrahlung “Gauge”

Coupling

WW, ZZ fusion

VBF

gluon-gluon fusion gg—>H and vector-boson
fusion qg—->qgqH diagrams dominate

1025 | I ' I E%
ﬁ . \s=8 TeV E§
£ ol 1
1} - ]
o L _
a
© 1= E

107 E

102 , . »

80 100 200 300 400 1000
My [GeV]

@125 GeV: o, =19.5pb, 5,5 =1.6 pb,

oy =0.70 pb, o, =0.39 pb, o, =0.13 pb

= ~290k events in 13 fb'1 at 8 TeV !
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Higgs Boson Decay

To all particles kinematically allowed, but two dominant modes:

—H —>Dbb form, <135 GeV;
- H —>WW for m, >135 GeV
Neither is ideal for the search and the study of properties
- bb by itself suffers from huge QCD backgrounds
- WW: easy identification in dilepton mode, complex backgrounds
and no full reconstruction

Branching ratios at 125 GeV é ! N_E -5
bb: 57.7% 2 | /i = 18
WW: 21.5% E oz b
t: 6.3% 0 . .
22 2.6% ] :
v:  0.23% 102 :

Difficulty level (least to most): ;

1Y, 224, [ This seminar :
WW=*>lvlv 10° 700 135 200 300 500 1000
bb and 1t My, [GeV]
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Analysis Strategies

Maximum utilization of leptonic (e, 1) and photonic signatures:
simple to trigger and identify, lower rates, good energy and
position resolutions, ...

Take advantage of varying signal-background ratios of detector

regions and event topologies through categorization:
central vs forward, high and low Higgs pT, jet multiplicity bins, ...

Use data-driven methods to estimate backgrounds whenever

possible to minimize systematics:
control regions , sidebands, fake leptons, mismeasured ETmiss,...

Fit the distributions of the reconstructed Higgs boson (transverse)
mass or equivalent to improve sensitivities:

m(yy), m(4¢), m(bb), m(zz), m; (evev), m(evaq), my (¢6w), m(40qq)
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Peak Luminosity [1033 cm? 57

Challenge of High Luminosity

Peak luminosity

s =8TeV

iR
-

;I

||I.|9|.|Q:|=?

[ 1T 17T T T T 17T 17T T T°1 T 7T T 7T T 17T 17T 1T 771

10— V5 =7 Tev Ne=7Tev
— ATLAS

il Online Luminosity

6

4 r

2 ’.
: ;a8

[ et it B S .

yat o oppt W ot et ppft W odh

Month in 2010

Month in 2011

Yot

ppt W ok
Month in 2012

Multiple interactions !

Recorded Luminosity [pb "0.1]

180
160
140
120
100
80
60
40
20

o 5

ATLAS Online Luminosity
@ Vs=8TeyV, J.Ldt =208 b7 <u>=207
[ Vs=7TeV, Ldt=52f" <u>= 9.1

10 15 20 25 30 35 40

Mean Number of Interactions per Crossing

hAIII'I\I‘II\'\I\|\II‘I\I'III'\II'I\I‘A

5

Challenging pileup issues:

- Lepton reconstruction and
isolation

- Primary vertex identification

- Jet energy and multiplicity

- ETmiss resolution

In particular, understanding
ETmiss takes time...
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Theory and MC

Signal MC: 125(3_eVHiggs MC
ggF and VBF: POWHEG+PYTHIA; ;

WH and ZH: PYTHIA
For gg—>H, the Higgs pT is reweighted
to the HqQT (NNLO+NNLL) calculation.

— ggf unweighted

Unit Area

— ggf weighted

— vbf

10

Background MC: i
W/Z+jets: ALPGEN; e T Y SN I
Top: MC@NLO (tt), AcerMC (t); e
Dibosons: MC@NLO (WW, WZ), SHERPA (Zz), ALPGEN (Wy),
MadGraph (Wy*)

Many other generators are used as cross checks. Normalize to
data control regions or the latest N"LO calculations.
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_ H2y

Diphoton mass m,, as the final discriminant variable
2
m’=2E E, (1-cosAg, )

Model signal and background using analytical functions:
Signal: Crystal-Ball function (core) + Gaussian (outlier)
Backgrounds: exponentials, polynomials, ...

Unweighted
> e B e e B e B R L B A A
® - =
G 35001 ATLAS ¢+ npaa =
< S — Si it (m =126.5 GeV =
~ 3000 Sig+Bkg Fit (m,; eV) 3
1= = %Na e Bkg (4th order polynomial) -
9 2500 —
Ll — -
2000 =
1500 =
1000E- 15=7 TeV, [Lot-4.8b" :
500F- (s=8 TeV, [ Ldt=5.91b" Hovy ]
g} - n | | ! [l ! —
an}
2
=
Q
>
L

100 110 120 130 140

150 160
m,, [GeV]

¥ weights / 2 GeV

¥ weights - Bkg

Weighted
1 " 1 T T T T T ]
N ATLAS | DataS/BWeighted N
100 - —— Sig+Bkg Fit (m =126.5GeV)
80— N, e Bkg (4th order polynomial) ]
60 =
40F —
- 1s=7 TeV, [Ldt=4.8fb" g
20 (58 Tev, [Lat=5.9tb" H-yy —
8E ; ' =
4
0 il Ay 4 ‘
o &Fp o
-4
-8 . . . . .
100 110 120 130 140 150 160
m,, [GeV]

A total 59059 events selected, expect ~170 signal events at 126 GeV
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_ H2y

Consistent excesses in both » Samples Mass (GeV) p-value Obs.Sig. Exp. Sig.

2011 and 2012 data 2011 126  3x10™ 3.40 1.60
2012 127  5x10™ 3.20 1.90
— Combined 126.5 2x10° 4.50 2.50
A minimum p, at 126.5 GeV
-6
p,=2x10° = 450
E 3-:1““I""I T TTTTTT l:-
& 2F  mamwe E
b 150 e
© - b=
5 =
@ - -

Data 2011, \s= 7 TeV, [ Ldt = 4.8 fb"' =

Data 2012, \s= 8 TeV, f Ldt = 5.9 fb’

5 ¢ —— Observed p_2011+2012 -0'52_ _2
10 © Observed p_ 2011+2012 (with ESS)Y --- aﬁz‘;fﬁgﬂ‘:*?mz _1:_ =
g [ O Opservedp, 201 (with £59) \ = = = Epdced Gpgnzg;;z - Data 2011, 1s= 7 Tev,j Ldt=4.8fb" 3
107 o comnesp ozquness) -o- Bpcwdpmz - -1.5p Data 2012, \s=8 TeV, [ Ldt = 5.9 6" 3
109015 120 125 130 135 140 145 150 10 115 120 125 130 135 140 145 150
my, [GeV] my [GeV]
The measured signal strength, the excess 1= o-Br _18+05
relative to the SM expectation, at 126 GeV: (0- Br)SNI
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H->ZZ*-54l

N
01 T

Events/5 GeV

N
o

—_
9]

10

C1s=8TeV:|Ldt=5.8fb"

e Data

L . Background zz"

B Background Z+jets, tf
[ ] Signal (m =125 GeV)

7 Syst.Unc.

s =7TeV:|Ldt = 4.8 fb

35

Events/3 GeV

mz7"

\s=7TeV:\Ldt = 4.8 b B Zjets, T

70 75 80 85 90 95 100 105
m, [GeV]

T ] T T T

ATLAS
H-zz" a4l

250
m,, [GeV]

A small cluster of events
populates around 125 GeV

In the region 125 + 5 GeV

Dataset

2011+2012

Expected B only
Expected S m,=125 GeV
Observed in the data

2011+ 2012

5.1:0.8
5.3:0.8
13

Data
Expected S/B
Reducible/total background

q
Single resonant contributions
Enhanced by relaxing mass

and pT requirements q
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H->ZZ*-54l

Consistent excesses in both

2011 and 2012 data »

A minimum p, at 125 GeV

p,=2x10" = 3.60

10°

T rrT ] L ] LA I B ] LI I LB I L I L
F —— Obs. combined ATLAS E
F ------- Exp. combined *) B
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my [GeV]

30

4G

110 120 130 140 150 160 170 180

Samples Mass (GeV) p-value Obs. Sig. Exp. Sig.

2011 125 0.6% 2.50 1.60
2012 125.5 0.5% 2.6c 2.1c
Combined 125 0.02% 3.60 2.70

—_— [ T T T°T LI | LI I I | | T TT I T 1T I T 17T I T T T T_]

= 4_ H— 22" - 4l E

S 350 —~ Best Fit E

S . 2Iniw) < 1 -

£ 3 E

T 2.50 ATLAS E

> of \s =7 TeV: ][Ldt ~ 481" 3

» i \s=8TeV: |Ldt=5.8fb"

150 =

15 =

0.5F 3

o =

_0.5E

110 120 130 140 150 160 170 180
my [GeV]

Signal strength at 126 GeV: u=1.4 £ 0.6

Higgs Identification, Santa Barbara, December, 2012

Jianming Qian 43



b-jet Tagging

b-quark jets tagging is the key for the analysis...

e Tagging b-quark jets based on relatively long lifetime (ct~450 um)
of B hadrons; construct a single discriminant from track impact
parameters and secondary vertices

e Operating point:

. . . . C 1 05 E L | L | L | L | L | L L E

b-j?t eﬁ!C|er‘CY- ~70% % - ATLAS Prelminary  —— .
C-jet rejection: ~5 S E————
|Ight_Jet reJeCtlon: ~13O % 10 JetFitterCombNNc ;

> AR S LA TR I I IR L IR B I E ------ IP3D+SV1 i
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