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T Introduction

| J

¢ TFinal measurements of the Higgs boson decaying into bosons with LHC
run 1 data

- H->WW*—lvlv: submitted in December 2014
- H—ZZ*—4]: published in January 2015
— H—yy: published in December 2014

¢ Benefits from final performance of objects calibration, identification, ...

¢ Improved analyses, to be sensitive to production modes

¢ Here, only discussion of couplings, mass discussed in the talk by A.
Armbruster

- m, = 125.36 GeV considered here Phys. Rev. D. 90, 052004 (2014)
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.052004

¥ Higgs boson production and decays modes

¢ Production modes: ¢ Decay modes:
8 b
; H H
t
8 ggF b
86.4%
w
H<
w

ZH, WH
5.00/0 "H W
® : fermions
® : vector bosons W .

¢ Measuring cross-sections and partial widths = go back to couplings

€ Parameter of interest: signal strength p = N°>/NSM
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Improvements of performance

4 Final performance for run 1 g
Some examples: 1.001

€ Muon calibration 0008
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~ 0.04-0.2% uncertainty on energy scale (ES) ...
R
Leading muonn

¢ e/,y calibration Eur. Phys. J. C 74 (2014) 3130
— ¢€: 0.04% uncertainty on ES at 45 GeV 3 o9t ATLAS Preliminary E
: : = L Ldt=2031fb" §
- v from Higgs boson: 0.3% uncertainty on ES 3 0.8 \LSTGV E
o 0.7p R
— 7y mass resolution improved by 10% 2 06 . : ; <24 tionon
0 55_. s & 4 + MediumLH/Medium 3
E s 1 t = VeryTightLH/Tight
'] :
¢ clectron ID 03" {1 q : b
. . 02 E
- >40% more rejection for same efficiency 01E E
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ATLAS-CONF-2014-032
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http://link.springer.com/article/10.1140/epjc/s10052-014-3130-x
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-032/
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 H—>ZZ*—4l

¢ Two same-flavour, opposite-sign lepton pairs

well 1dentified and 1solated

p,' >20/15/10/6-7 GeV

FSR photon correction

Z-mass constraint (15% improvement on resolution)

¢ 50 <m,, <106 GeV
¢ 12-50 <m,, <115 GeV

Events / 2.5 GeV

¢ Number of events in 120 < m, < 130 GeV

Z.7* from simulation

— Z+jets and tt from data-driven estimates

Phys. Rev. D 91, 012006 (2015)
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ATLAS ¢ Daa
H BN ZZ* BN 4l :| Signal(mH=125GeVu=1.51)
\s=7TeV ILdt -45f" - Background 2z*

- Background Z+jets, tt

\s =8TeV J.Ldt -203fb"

% Systematic uncertainty
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Signal 77  Z+jets, tt

S/B

Total expected

Observed

/+8 TeV

16.2 7.4 3.0

1.6

26.6
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.012006
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1 H—ovy

Phys. Rev. D. 90, 112015 (2014)

¢ Two well identified and isolated photons

—E71>O.35*m,E72>O.25*m > I L

T v T Y G 180~ [Ldt=451"\s=7Tev ATLAS —

) 2 F [Ldt=20310" Vs =8 TeV 4 Data e

- YY purlty: 77-84% :9:; > S/B weighted sum — Sianalbackaround

= 140 Signal strength categories 'gnatrbackground 4

PN - ===+ Background .

o . . ) 120— — Signal —

¢ Divide events in exclusive categories o0F- my=1254GeV 3
- with different resolution e E

60— —]

— with different S/B sof- =

20F- >

¢ Signal+background fit of m g E
YY s 10F E

. = o8 E

¢ Number of expected signal events and £ o g :
measured background a B , | | | E
. . . 110 120 130 140 150 160

— window with 90% of signal m,, [GeV]

signal | background | S/(S+B)
7+8 TeV| 421.8 13196.4 0.03
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112015
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H—-WW*—=lvlv

submitted to Phys. Rev. D

¢ Two isolated well identified leptons = ol
O L

~ pT>22/10 GeV = ook

¢ E ™ cuts, Z veto, m , Ag,, etc i 400;
¢ Events divided in exclusive categories 2003—
- eptile, eetup |

- 0,1, 2 jets S

o 190 -

¢ Background estimation g toor
- normalisation: data (CR) 50 [

— extrapolation to SR: typically from MC ole.

(b) Background-subtracted

o % ,’,/’//’/// // g
2077

R N N
ATLAS H—WW*]
\s=8TeV, 20.3fb
\s=7TeV, 4.5fb"

(@) n;<1, ep+ee/pp _|

¢ Obs+tstat
- Bkgtsyst

B Higgs
B ww
O Misid
8 vv
0 Top
B DYy

¢ Obs - Bkg
— Bkg*syst
B Higgs

— shape of discriminating variable: typically fromMC ... o ... .1 01010

50

¢ Number of expected/observed events (7+8 TeV):

Signal Background S/B total expected |observed
0 jet 358 4005 0.09 4363 4344
1 jet 138 1746 0.08 1884 1900
2 jets, ggF 50 1017 0.05 1067 1017
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http://arxiv.org/abs/1412.2641

¥ Categorisation

4| selection

!

VBF enriched

v

VH hadronic

v

VH 1-lepton

v

1 untagged category

di-photon selection

!

\
v

VH dilepton

Y
VH 1-lepton

Y
VH ETmiss
Y

VH hadronic

v
VBF tight

Y
VBF loose

L

4 untagged categories

¢ Datasets divided in exclusive categories enriched in production modes

WW selection

P I

0 jet
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1 jet

2 jets

ggF

2 jets
VBF

*in talk by F. Filthaut
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%VBF production mode (1)

# Cross-section at 125 GeV: 1.578 pb

¢ Higgs boson produced with 2 forward jets:

Jets

° O
Lo

no central jet

¢

Higgs
decays

¢ Usual cuts:
- Anm.

J

- 1m..
1

- veto 3" central jet

1/N dN/djAn, | / 0.2

©
—

)l

0.08

0.06

0.04

0.02

q

2 4

ATLAS Simulation m,=125 GeV

H o 22" — 4 ]
| ) aoF
\s=7TeV [Ldt=45fb"

Lo veF
\s=8TeV |Ldt=2031b"
VBF enriched category
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VBF production mode (2)

¢ BDT analyses for 41, yy, WW

H— ZZ — 4l @
| 1 1
m UL [ UL | UL | T 1T | T T \'[ 1T ‘ UL ‘ T 1T | UL | T 17T
r : N o
8 0.12F ATLAS Simulation ! m, =125 GeV - H YY Q) 1Q s
~ " L * I - i T T T T !I L =~
- HoZZ 4 7 1R ORI L B BN B B B B T oA PN
é | \s=7TeV JLdt=451" I 3:: 18 014  ATLAS —VBF 1 %
5 O omfaemont a G0 4 flceswliesey IS, 1
% - VBF enriched category 1o - H—yy, m,, = 125 GeV —+¥Data, sidebands
S o.08F 13 o4F : i
i 13 off
S - 1% C
< 0.06]- 12 0.08
i 1 0.06
0.04_— 1] C
i , 1 0.04F
002} i | oozg S
I LN ) ey e 2
O_ O A RIS i 02 N T Y ,"', N h- n
-1 02 0.6 1 -08-06-04-02 0 02 04 06 08 1E
o.._ >
BDT, g output BOT LLJ
¢ Number of expected/observed events:
signal | VBF/Higgs |background observed
7+8 TeV 4] bin1 1.13 55% 0.16 1
748TeV bin 1 11.0 60% 44.0
YW bin2 6.7 80% 6.7
bin 1 12.5 60% 82.0 90
8 TeV WW  bin 2 10.0 80% 14.9 28
bin 3 6.5 90% 2.3 12

102

10

102

10
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VH (1)

4 Cross-section at 125 GeV: 1.1 pb

¢ Divide into categories depending on the W/Z decay

i 2 I miss
1 |epton + ETm|ss eet\ons 0 Iepton + ET

/ > 0.12p j REaEmams -
C S ] P ATLAS ]
Y% 2 o1 Ldt = 20.3 b -
3 N i Vs =8TeV .
S 0.08— i H—yy, m, =125GeV
° - i — WH+ZH ]
< o0.06f | —ggF+VBF+tH ]
W Z [ L —yy+7j+jj, MC 3
0.04 i ¢-Data, sidebands _
2 jets with m, close 0.02F .
to 80-90 GeV B o

= L1 1 I 11 I 11 L1 IEIIIIIlIIIIIIIIIII
0 20 40 60 80 100 120 140 160 180 200
m; [GeV]
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TvH 2

¢H 77— 4l
— BDT analysis for VH hadronic

— 1 additional lepton

‘H—wyy

2 leptons

VH hadronic

1 leptons + E_ ™

0 lepton + E ™

05

1/N dN/dBDT,,,/ 0

¢ Number of expected/observed events (7+8 TeV

signal | VH/Higgs |background Observed
41 hadronic | 0.64 33% 0.18 0
1 lepton 0.08 84% 0.03 0
2 leptons 0.4 99% 0.27
1 lepton 2.0 96% 4.4
YW ETmiss 1.4 88% 3.2
hadronic 3.8 49% 18
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_\ T | T 1T ‘ T 1T | 1T |=| LI | 1T 1T | T TT I 1T | TT |_

0.12 ATLAS simulaflon m, =125 GeV —

L H 2z >4 1 - §

0.1 \s=7Tev [Ldt = 4.5K0"" 39: n

T \s=8Tev JLdt=20Bb" ]

| VH-hadronic enriched clltegory B

008_ 40<mjj [GeV]<130 1 B

i | ]

0.06[- 1 N

i I ]

0.04 .

0.02f .

0 ]

-1 -0.6 -0.2 0.2 0.6 1

BDT,,, output
> _| T | T T T T I T T T T | T T T T I T T T T | T T T |__
8 2E| amas —— Data -
o 1.8;— L Bl cevy —;
T 16b _’-Ldt=20.3fb,\s=8TeV ey E
% - Bkg stat error =
o 1 -45_ — Expected signal _E
LI.J 1.2 E VH dilepton =
i 1 -
0.8 =
0.6F =
0.4F 3
oobl Tl E

™10 120 130 140 150 160
m,, [GeV]
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¥ H—-ZZ*—4l: global results U= v

—0.1

~0.08
1 —0.06
| —0.04

—0.02

, 3 ATLAS
¢ 2D fit to m, and a BDT output designed to S |H o ‘
X \s=7TeV |Ldt=45f" Signal (m,, = 125 GeV p = 1.51)
distinguish signal from ZZ* background | serer s D ooz 2
@ 1T L iepabi.. )
— mass i N TN . o
o5f ° (tiiekRl .
— inclusive pn ™ ot aane O
of o R o . guset
- ) . :i‘. Y 2 )
r ® .P.,..0 o
S 0.5 00O 1
¢ Local significance at mH = 125.36 GeV [ Rt o
i L ‘ ° [ ]
L .
— observed: 8.1 o 15 120 125 130 135 140
_ ed: 6.2 £ 2 EATAs LT My [GeV)
cxpectied: 6.2 6 o C \s=7Tev J-Ldt=4.5 o :‘2":2” ;
16 - \s=8Tev J-Ldt=20.3 o 2p2e B
L — Combined ]
. . 14 - HoZZ'—41, m, ~125.36 GeV .-« No syst. unc. E
¢ Inclusive signal strength: 1ok E
_ +0.35 £0.19 10 £ E
u=1.50"77, (stat)_0_13 (Sy5t> gk E
6k A
4 :— —————————— "'.‘: —————————————————————— ; ;.!{ ——————————————————————— 2o
2 :_ 7777777777777777 “. o :’j 777777777777777777777777777777 N 10
O L h

0O 05 1 15 2 25 3 35 4
Signal strength n
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@f H—vyy: global results

¢ Local significance at mH = 125.36 GeV

observed: 5.2 ¢

expected: 4.6 o

¢ Signal strength:

w=1.17"55 (stat)"ggg(syst) g theo)

main systematic uncertainties:

 theory (yield): 0.09

e resolution: 0.07

0.7c compatibility with SM prediction

only slight dependence on m

Local p

-0.588

0.5

L I
10%E ----SM expected
10 — Observed

B m, =125.4+ 0.4 GeV

1T ™ 1
ATLAS
H—-vyy

e — 7 T T
101 e [ e A 1
10-2 '''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 26
10'3 '''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 30
-4
10_5 S\ 40
10
) SRR LELLLLTTEEECTPTERERRRNE. - EETTTEETTTrEY CERTIELELLL b
10 _____________________________________________________ 56

107 |Ldt =457, (s=7 TeV
108 [Ldt=20.3fb", \s =8 TeV

I 1 1 1 | 1 1 1 I

10'9 I 1 1 1 I 1 1 1 | 1
120 122 124 126 128 130

my, [GeV]
1 3 .5 C I L l L l L I L I T 1 7T I T 1 T I L I 1 T I LI I T
——— With mass scale systematics ATLAS
3
55 % Without mass scale systematics J. Ldt=4.5fb7, \s =7 TeV
5 d m, =125.4 + 0.4 GeV J.Ldt=20.3 b, \s =8 TeV
1.5

1

|IlII|IIII|IIII|IlIIIIIIIIIIII|IlII-

0

4

-1_|||||||||||||||
116 118 120 122

|
126 128 130 132
m,, [GeV]

1 I 1
124
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? H—-WW*—lvlv: global results = o

¢ Fit procedure:

— binned likelihood function
e ggF:m, p,

sublead

, M

11

 VBF: BDT discriminant
— simultaneous fit to all the categories (SR, CR, 7/8TeV)

¢ Local significance at m, = 125.36 Ge

— observed: 6.1 ©

- expected: 5.8 ¢

¢ Inclusive signal strength:

u=1.09

+0.16
—-0.15

(stat)

+0.17
—0.14

(syst)

V

Q1I
Q
(4v] .
(&]
(@]
-

w N =0
Q aQaqQ

Significance

I
Q

ATLAS
H—o>WWH*—=ivlv

— 50
R \s=8TeV,20.3 fb
10 \s=7TeV,45f" ;
+~= 60
- Observed ,"
& -« Expected ‘ .
10 # Exptioc / Y
: - Expi20(125|'36);
L1 I L1 1 I [ W I | I | I - | L1 1 1 I IIIIIIII I L1
120 140 160 180 200
my, [GeV]
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B ' —
i Results for couplings (1) s
_I T TT TTTT ! T TTT | TTTT T TTT TTTT | T TTT | TTTT | TTT I_
. . ttH [ : ]
¢ Signal strength p /production mode: - st
M, | [ ' 1
4 vy WWwW L — Syst. -
+0.5 +0.29 oL H 1 .
ggF 1.77°04  1.3220.38  1.027% 4 M A :
16 +0.53 - ; .
VBF 0.3"" 0.0 0.8+0.7 | 1.277 g4s Mge [ = ATLAS .
WH 1.0+ 1.6 - A
+3.7 Hoe [ F = 20. ,1s=8TeV 1
ZH 0.1 4 4 e e =
1.6727 i - IEHI H — yy, m,=125.4GeV -
ttH -1.8 T I BT AT N I N T NS
. . . -1 0 1 2 3 4 5 6 7 8
— all compatible with SM expectation Signal strength
SRR RAREE N R R=
5 T HoZZoA S E O Howwelw |
5 E dh Best Fit H— ZZ*— 41 E w [ A T T T L T - E 3 3 E
x 12 — es%CL 7 ToV [Ldt 45 1" 1 4L + Bestfit ATLAS _— 3 H-oWWHs vy —
5 qob 95% CL :z:mzv ILd: :2653 . E - ——68% CL [Ldt=45f" 1s=7TeV ] - {s=7TeV,4.5f" 1
i DmocelaF | s % el Lot =203 10", s =8 TeV ] 3 Is=8TeV,20.3fb" -
= 8:_ m,, = 125.36 GeV B C e T . H = rym,=1254GeV 7 oL e
6 . 10 - E g +0bs(1.0,1.3)
ab E - i o BObstic .
- 1 = s [ Obst2c E
2 1 F - - : @ Obs+30 ]
oF 1 oF = = i o ExpSM(1,1)
-2:_ _: E ........ E O E § .O. EXpSMi—192930£
L UERNUTURERIUSURSTIUUNTRNINININ (s L R T T R N PO oI
. . . . - Moo 0 1 2 3 4
MggF+b5H+tfH X BPsu 9gF
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Results for couplings (2)

¢ Evidence of VBF production in WW channel!S

4 Couplings scale factors x to compare to SM

3.2c observed

2.70¢ expected

prediction

- K, for fermionic couplings

- X, for bosonic couplings

TR
¢

LA L B Y B B B

LA L L B B
- 68% CL

[ ATLAS
5 Hozzr> 4 = 95% CL 7
- \s=7TeV [Ldt=451 + SM 1
4l Vs=8TeV [Ldt = 20.3 b m, = 125.36 GeV -
H—-ZZ—4]
3 .
2r -
1 -
0 i |

< 10

\)

;26

"H—>WWH VIV ]
\s=7TeV,45f" 3

e _ -1
\s=8TeV,20.31b 116

LN L L LN L
ATLAS

H—>WW*—[vlv
\s=7TeV,45fb"
\s=8TeV,20.3fb™

+ Obs (k,=1.04,

x.=0.93)
[® Obst1c
[+] Obs*2c
[#] Obst3c
o Exp SM (1, 1)
HeH

_I‘Illll\ \\llll‘l\\‘\ll
06 08 1 12 14 16 1

¢ Inputs to global coupling fits'
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:Exp SM+1,2,30 : [ A

3 4 5
HVBF / l’ngF
H—-WW-—llvv

8 2

0 0.5

—_
(6]

A
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¥ One step further: cross-sections

¢ Computed from number of observed signal events: O fid(tor) - BR= (

— A = acceptance correction factor
— C = detector correction factor

— L = integrated luminosity

Nsig ,0bs

A).CL

¢ Allows easier comparison to theory predictions JHEP09(2014)112
' T T T TTTT T T
Diphoton baseline ATLAS‘ -—o—
. . | H-oyy, 's=8TeV *x
¢ Total cross-sections in ZZ, yy, WW  y_»¢| [ret-20an’ =
| —e— data syst. unc. *
¢ Fiducial cross-sections in ZZ, yy Mo 22 2 B
Ny, 23 v
Bl XH = VBF + VH + ttH |
. .. VBF-enhanced e B Hes 25 - X1
¢ All measurements compatible with # STWZ + XH
. e, 1 ° Nigptons = 1 g | @ JetVHeto + XH
expectation within ~2c _ # BLPTW + XH
miss - MIiNLO HJ+PY8 + XH
ET > 80 GeV | M MiNLO HJJ+I:Y8 + XH
1 1 1 L1 111 l 1 1 1 | | l 1 1 1 | T | | ]
107 2x10™ 1 2 345 10 2030 10°
Gy [f0]
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http://link.springer.com/article/10.1007/JHEP09%282014%29112

One step further: differential cross-sections

€ Variables sensitive to

, , Phys Lett B738 (2014)
— Higgs production
) JHEP09(2014)112
- spin/CP
~ QCD effect combination to be submitted
¢ New! Combination of vy and 41 channels (reduces uncertainty by ~30%)
> T m nwoeseve s x| 5 S R R S S B
& 1— % X:LSP\?BH PRSI 8 : ATLAS Preliminary pp—H T mﬁ:’&gﬁ@ﬁmm
8 I ~4- data, tot. unc.  syst. unc. = g antk R=04 N =20 M SHERPA 2.1.1+ XH
— I " N . sees XH = VBF + VH + fIH + bBH |
J':g-'_ E " f ;j;':" iLHdi;;iilfb 3 — I +4- data, tot. unc. = syst. unc.
E 10 N ATLAS Preliminary pp—H §10_2 3 [ (s=8TeV, [Lat=203 10" _
3 ® i 0

e
Q
%
|
|

Ratio to NNLOPS

|I|||I|||I|||I|||I|||I|lil|I|||I|||I|||

0 20 40 60 80 100 120 140 160 180 200 00' T20 40 60 80 100 120 140
Py [GeV] P! [GeV]
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http://link.springer.com/article/10.1007/JHEP09%282014%29112
http://www.sciencedirect.com/science/article/pii/S0370269314007126

, Conclusions

Z
&

¢ Final ATLAS results on study of the Higgs boson decaying into bosons
with run 1 data

¢ Separate production modes to go back to couplings

— data divided in categories enriched in production modes

¢ Signal strengths /production modes compatible with expectations

¢ Total, fiducial and differential cross-sections

¢ More on the combinations of the different channels in the talk by
A. Armbruster

E. Petit - XXIX Rencontres de physique de la vallée d'Aoste
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H — 4]: selection

¢ Two same-flavour, opposite sign lepton pairs

¢ p.'>20GeV,p>>15GeV,p,’>10GeV, p*>7/6 (e/n) GeV
¢ 50<m A <106 GeV

¢m_ <m, <115GeV withm . from 12 to 50 GeV for m, <190 GeV, 50
GeV above

¢ AR > 0.1 between same flavour leptons, AR > 0.2 otherwise

¢ |d |/od, <6.5/3.5 (e/p)
‘ pTiso, track, AR:0.2/pT < O 1 5
‘ ETiso, calo, AR=0.2 /ET

- <0.3/0.2 (7/8 TeV) for electrons

— <0.3 for muons, <0.15 for standalone muons
¢ Selection efficiency:

E. Petit - XXIX Rencontres de physique de la vallée d'Aoste
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H — 4l: FSR recovery

¢ Some FSR photons can be identified in the calorimeter and incorporated to
the 4-lepton measurements

¢ Efficiency of recovery:

— 70% for collinear photons (85% purity)

— 60% for non-collinear photons (95% purity)
¢ Expected fraction of corrected events:

- 4% of collinear photons

— 1% of non-collinear photons
><1O

T
- ATLAS
|s=8TeV: J.Ld1=20.3fb'1

T T[T
- ATLAS
[ {s=8TeV: |Ldt=20.310"

25— 2500

Events /0.5 GeV

Events / 0.5 GeV

. Collinear FSR . C Non-collinear FSR -
o0~ A NoFSR correction, data ] 2000 A No FSR correction, data ]
C No FSR correction, simulation ] = No FSR correction, simulation ]

C ®  FSR correction, data 7] | @ FSR correction, data -
15— FSR correction, simulation — 15001— FSR correction, simulation _]
101~ - 1000 44 /Y —
S ] 500 —

¢

% . . . . ; ; E (EJ 5 . . .

= 1.5 - =

S 15 . | S 15 + * Q E

© 1%%’3 T {Angh m’.ﬁ. =]

- o = o 1: A -. 00“00
0.5F — 0.5 =

E . . . , , , ] E KIKR . , , , ]
70 75 80 85 90 95 100 - 70 75 80 85 90 95 100

muu(v) [GeV]
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H — 41. background

¢ 77, WZ: from simulation
¢ Z-+jets, tt: data-driven

— ll+pp: simultaneous unbinned fit of four orthogonal control regions
— llll+ee: simultaneous unbinned fit of nblayer and rTRT in 311+X control region
— extrapolated to signal region with transfer factors

¢ Number of expected and observed events in 120 < m4l < 130 GeV:

Final state Signal Signal A Z +jets, tt  S/B Expected  Observed
full mass range
Vs =T7TeV
dp 1.00 £ 0.10 091+ 009 046 £0.02 010 £0.04 1.7 147+ 0.10 2
2e2p 0.66 £ 0.06 058+ 006 032+£002 009+£003 15 0.99+0.07 2
212e 0.50 £ 0.05 0.44 £ 0.04 021 = 0.01 036 = 0.08 0.8 1.01 £+ 0.09 1
de 0.46 &+ 0.05 0.39 £0.04 019+ 0.01 040 = 0.09 0.7 098 £0.10 1
Total 2.62 £ 0.26 232+£0.23 117006 096 =+ 0.18 11 4.45 £ 0.30 6
Vs =8 TeV
Ay 5.80 £ 0.57 528 £0.52 236+£012 069+013 1.7 833 £ 0.6 12
2e2p 3.92 £ 0.39 345 +£034 167008 060£010 15 5.7240.37 7
2u2e 3.06 £ 0.31 271+£028 117 £007 036 +£008 18 4234030 5
de 279+ 0.29 238 £0.25 1.03 £ 007 035 £+ 0.07 1.7 3.97 £ 0.27 T
Total 156 £1.6 13.8+£14 624£034 200£028 1.7 221+ 1.5 31
Vs =TTeV and /s = 8 TeV
dp 6.80 £ 0.67 6.20 £ 0.61 282 +014 079 £0.13 1.7 9.81 £ 0.64 14
2e2p 4.58 £ 0.45 404 £ 040 199+ 010 069 £0.11 15 6.72+042 9
2u2e 3.56 £ 0.36 315+£032 138£008 072+£012 15 5244035 6
de 3.25 £ 0.34 2977+£029 122£008 076011 14 475 +0.32 8
Total 182+ 1.8 16.2+£16 741 +£040 295+£033 16 26.0 £ 1.7 a7
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H — 4]: multivariate discriminants

input
variables sample usage
KD., pT4l, n4l 115 <m, <130 GeV fitting observable
BDT,. . : :
signal vs ZZ in ggF enriched
mijj, Anjj, pTj1, |mjj> 130 GeV categories
BDTygr | pTj2, nj1 VBF vs ggF fitting observable
in VBF enriched
mjj, Anjj, pTj1, |40 <mjj< 130 GeV |category
BDT,y | pTj2, nj1 VH vs ggF selection requirement
for VH had category

E. Petit - XXIX Rencontres de physique de la vallée d'Aoste
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H — 4l: ggF enriched category

¢ Signal:

ATLAS Simulation
H— ZZ7* — 4]

\s=7TeV J-Ldt -45f" - Signal

\s—aTevILdt—zosfb" (my = 128 GeVk =151

BDT.,. output

0.5

05F

110 115 120 125

I BRI RN
130 135 140
my, [GeV]

¢ Background ZZ*:

¢ Background Z+jets:

3 ATLAS Simulation 3 ATLAS Simulation
5 H— ZZ* — 41 5 H— Zz* - 41 0.025
cf \s=7TeV J-Ldt -45f" CZ \s =7 TeV J-Ldt -451"
N |:| Background ZZ* —-0.08 N - Zijets
= s =8TeV J-Ldt=20.3fb" - \‘s:NeVILdt:zo.sfb"
) 1+ | [m) 1F -1 40.02
m [ ] @ [ ]
* {08 | | e———
0.5 5 0.5 1 0.015
5 | H0.04 : ]
0 5 0.0 0r + —0.01
05 17002 os5f 1 -0.005
0.05 I i ]
-_""""""""""""""'_—0 _1'....|....\...‘|....|....|‘...'_0
110 115 120 125 130 135 140 110 115 120 125 130 135 140
m,, [GeV] m,, [GeV]
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BDT, g output

H — 4l: VBF enriched category

4 VBF:

0.007

0.006

0.005

0.004

0.003

0.002

0.001

ATLAS  metescev|
H— 2z - 4 ® Data
{s=7TeV |Ldt=451fb" O ver |
1 \s=8TeV [Ldt=2031b"
i = | N
L [ )
0.5¢ 4 7
of 1
L [ |
L [ )
'05:_ [ . B
§ )
_17 | I - ‘ I - | 1111 ‘ 111 | | 1111 | 11 1 | ] —
110 115 120 125 130 135 140
m,, [GeV]

BDT, g output

¢ oofF:

——
ATLAS

Ho 27" - 41

\s=7TeV JLdt=451b"
\s=8TeV [Ldt=2031b"

L0

m,=125 GeV
® Data

- ggF

0.007

0.006

0.005

0.004

0.003

0.002

0.001

| A ' .
110 115 120 125 130 135 140

m,, [GeV]

¢ Background ZZ*:

BDT, g output

E. Petit - XXIX Rencontres de physique de la vallée d'Aoste
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ATLAS

Ho2Zz" > 4 ® Data
\s=7TeV [Ldt=451fb" Bz

\s=8TeV [Ldt=203 10"

L]
4 . . = A ql-!-'-l--f
1 i L] .

. ]
| S A AR A SIS
110 115 120 125 130 135 140

m,, [GeV]
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H — 4l: systematic uncertainties (1)

¢ For the combined analysis:

Source of uncertainty dp 2e2p 2u2e de combined
Electron reconstruction and identification efficiencies - 1.7%  3.3% 4.4% 1.6%
Electron isolation and impact parameter selection - 0.07% 1.1% 1.2% 0.5%
Electron trigger efficiency — 0.21% 0.05% 021%  <0.2%
ff 4+ ee backgrounds - - 3.4% 3.4% 1.3%
Muon reconstruction and identification efficiencies 1.9% 1.1% 0.8% - 1.5%
Muon trigger efficiency 0.6% 0.03% 0.6% - 0.2%
€€ 4 pp backgrounds 1.6% 1.6% — — 1.2%
QCD scale uncertainty 6.5%
PDF, a, uncertainty 6.0%
H — ZZ7 branching ratio uncertainty 4.0%

E. Petit - XXIX Rencontres de physique de la vallée d'Aoste
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H — 4l: systematic uncertainties (2)

4 In the different production mode categories:

Process g9 — H, qq/gg — bbH/ttH qq' — Hqq' qi—W/ZH ZZ*
VBE enriched category
Theoretical cross section 20.4% 4% 4% 8%
Underlying event 6.6% 1.4% - -
Jet energy scale 9.6% 4.8% 7.8% 9.6%
Jet energy resolution 0.9% 0.2% 1.0% 1.4%
Total 23.5% 6.4% 8.8% 12.6%
VH-hadronic enriched category
Theoretical cross section 20.4% 1% 1% 2%
Underlying event 7.5% 3.1% - -
Jet energy scale 9.4% 9.3% 3.7% 12.6%
Jet energy resolution 1.0% 1.7% 0.6% 1.8%
Total 23.7% 10.7% 5.5% 12.9%
VH-leptonic enriched category
Theoretical cross section 12% 4% 1% 5%
Leptonic VH-specific cuts 1% 1% 5% -
Jet energy scale 8.8% 9.9% 1.7% 3.2%
Total 14.9% 10.7% 6.6% 5.9%
ggF enriched category

Theoretical cross section 12% 4% 1% 4%
Jet energy scale 2.2% 6.6% 4.0% 1.0%
Total 12.2% 7.7% 5.7% 4.1%

E. Petit - XXIX Rencontres de physique de la vallée d'Aoste
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H — 4l: changes wrt last public paper

¢ Phys. Lett. B 726 (2013)

¢ clectron identification: likelihood method: improve bkg rejection for same
efficiency

® clectron transverse energy measurement improved: refined cluster energy
reconstruction + combination of cluster energy and track momentum

¢ cnergy scale of electrons and momentum scale of muons improved
® correction of FSR for non-collinear photons

¢ BDT against ZZ* background

¢ better estimate of ll1+jets and tt bkg

¢ VH category with two jets + BDT for VBF

E. Petit - XXIX Rencontres de physique de la vallée d'Aoste 30
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% H—WW: analysis strategy

¢ Exclusive categories based on jet multiplicity and lepton flavour

Pre-
selection
n; =0 n;=1 n; >2
e ee/pp e eefpup
ggl- VBF-
enriched enriched

| /\

ep (8TeV) ey ee/up
Il |

ggF-enriched VBF-enriched

¢ Most sensitive categories:
— Njet =0 and ep for ggF
— Njet > 2 and ep for VBF

E. Petit - XXIX Rencontres de physique de la vallée d'Aoste
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H—WW: selection

Objective geF-enriched VBF-enriched
n; =10 n;=1 n; =2 ggF n; =2 VBF
Preselection ( pi' = 22 for the leading lepton (4

pi” = 10 for the subleading lepton {2
Opposite-charge leptons
All g <
myge = 1) for the ep sample
myge > 12 for the ee/pp sample
\ | e —mz | =15 for the ee/pp sample

P?'“'fﬁ =20 for ey P?}i%} =20 for eu P > 20 for ep
Ef =40 for eefpp EY > 40 for eef pp -

No MET requirement for eu

miss {trk)
T ,rel

miss (trk)

Reject backgrounds =40 for ee/pp Pr rel =35 for ee/pp -

DY Jrecon < 0.1 for ee/pp  frecon <0.1 for ee/pp -

P1e" =40 for ee/up
EY" > 45 for ee/ pup

pr > 30 Mmrr < mz — 25 Mrr < mz —25 Mrr <mz — 25
Ay ypr >T/2 - - -
Misid. - m’y. =50 for ep - -
n;=10 gy =1 gy =1 =11
Top - - - pr ™ inputs to BDT
- - - ¥my;inputs to BDT
VBF topology m;;  inputs to BDT
See Sec, IV D for Ay, inputs to BDT
rejection of VBF & £y inputs to BDT
) B VH (W, Z —jj), Cap<land Cpp<1
where H— WW" (3 >1 for jz with pi° = 20
Oppr = — 0.48
H > WW™* — fuiv Mg <2 05 Mg < Do Mg < 00 mye inputs to BDT
decay topology Mgy, < 1.8 A, < 1.8 Mgy, < 1.8 Agyy inputs to BDT

No mr requirement No mr requirement No mr requirement

mr inputs to BDT

E. Petit - XXIX Rencontres de physique de la vallée d'Aoste



H—WW: background

Name Process Feature(s) Q) 75 =0, ep (B) 5 =0, ee/up
W W Irreducible
Top quarks -

tt tt— WhHWh Unidentified b-quarks

; tW Unidentihied b-quark

th, tgb g or b misidentified as ;
unidentified b-quarks >

Misidentified leptons (Misid.) i o PrIS——

Wi W+ jet(s) 7 misidentified as £ I

77 Multijet production 77 misidentified as £/;

misidentified neutrinos

Other dibosons

Wiy ~ misidentified as e
vV Wo™, WZ, ZZ — if £ Unidentified lepton(s)
L8 = Ll vy Irreducible
VA ~ misidentified as e S
unidentified lepton G .
E V2%
Drell-Yan (DY) Misid
eefpp  Ziyt — ee, pp Misidentified nentrinos o
TT Ziv" = 77 = fvvfvry Irreducible
&) nj 2z Vb, ep (D) My 22 VBE, ee) g Ww

Higgs Misid

4%

res de physique de la vallée d'Aoste 33
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i H->WW: systematic uncertainties

Observed p=1.09

. . C el . Source Error FPlot of error
¢ Three major categories of uncertainties: + = (scaled by 100)
_ . : Data statistics 0.16 0.15 e
stat: for. bagkgrounds Whlch use data for Signal rogions 012 01  ——
normalization (sample statistics) Profiled control regions ~ 0.10 0.10 ===
Profiled signal regions - - -
- experimental: leptons, jets, ETmiss, MC statistics 0.04 0.04 —
meISS, charge mls—ldentlﬁcatlon, cen Theoretical systematics 0.15 0.12 ——
Signal H — WW™* B 0.05 0.04 e
— theo.: x-sec scale, acceptance, Signal ggF cross section  0.09 0.07 ——
. Signal ggl acceptance 0.05 0.04 -
mOdelhng T Signal VBF cross section  0.01 0.01 {
‘ L d f . . . Signal VBF acceptance 0.02 0.01 $
€ading sources ol uncertainties on L Background W W 0.06 0.06 —
Background top quark 0.035 0.03 -
- WW generator modelling (On the mT Background misid. factor 0.05 0.05 =
. Others 0.02 0.02 »
shape and extrapolation)
Experimental systematics 0.07 0.06 e
_ _ Background misid. factor  0.03 0.03 -
goF, QCD scale on the total x-sec Blg. Z/7" o ee. ap oy 000 .
deli h Muons and electrons 0.04 0.04 -
B tOp generator modeling (Ont c Missing transv. momentum 0.02 (.02 *
extrapolation) , Jets 0.03 0.02 *
Others 0.03 0.02 +
— corrections to the mis-identification Integrated luminosity 0.03 0.03 -
factor, ... Total 0.23 0.2] =t

-30-15 0 15 30
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@f H—WW: fit model

¢ Fit procedure:

— binned likelihood function SR category i it var
constru.cjte.d as a product of Poisson ' favor ®my ®pL2 2 Uy
probabilities and systematic —

; =
constraints, e ® [10, 30, 55] ®[10,15,20,00] @ [e,u]  mr
) ) . L. eefpp  ®[12,55] ® [10, o0 mr
— profile likelihood ratio test statistic 1s .
n; =
used ep ®[10,30,55 ®][10,15,20,00] ®[e,p]  mr
. . 2e 12,55 10,
~ simultaneous fit to all the categories _ ““/#* ©12:55]  ©[10,) mr
SR, CR, 7/8TeV n; =2 gl
(SR, ’ ) e ®[10,55]  ®][10, 0] mr
€ Free parameters: n;>2 VBF
. et ®[10,50]  ®[10, 0] OspT
— W - signal strength parameter ee/pp  ®[12,50]  ®[10, 0] OppT

- B — background normalization

— 0 - uncertainty constraint parameter

E. Petit - XXIX Rencontres de physique de la vallée d'Aoste 35
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i H->WW: cross-sections

¢ Total cross-sections (pb):

observed expected
7 GeV | Ogge-BR(H — WWF) 2.0 £ 1.7 (stat) +1.2-1.1 (syst) 3.3+0.4
Og4ge-BR(H — WW¥) 4.6 + 0.9 (stat) +0.8-0.7 (syst) 46+0.5
8 GeV *
Oyge-BR(H — WW¥) 0,51 +0.17-0.15 (stat) +0.13-0.08 (syst)| 0.35 + 0.02
¢ Fiducial cross-sections Tope =0 =1
Preselection prt >22
— fiducial volume definition: Opperiie chargs ¢
Trieg ]_U
pr” z 20
n;-dependent Ay, >m/2
pt > 30 -
- m4 > 50
- M+ < 66
My << HD Mg < HD
Ady, < 1.8 Ady, < 1.8
— cross-sections 1n fb:
observed expected

8 GeV

Ogor> 0j8t | 27.6 +5.4-5.3 (stat) +4.1-3.9 (syst) | 19.9+£3.3

Oggr 1 Jet 8.3 +3.1-3.0 (stat) +3.1-3.0 (syst) 73+1.8

E. Petit - XXIX Rencontres de physique de la vallée d'Aoste
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H—WW: changes wrt last public paper

¢ Phys. Lett. B 726 (2013)
¢ optimized object and event selection: pT , mT resolution, ...
¢ increased signal acceptance: lower lepton pT thresholds, electron likelihood

¢ background estimation techniques : b-tagging efficiency from data, jj
estimate, Z + jets sample for Wj estimate, ...

¢ optimized VBF signal category
® new analysis category (Njet > 2 ggF-enriched),

¢ more powerful statistical treatment (binned in m.. and p_* )

® 50% increase in the expected sensitivit
p Yy
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H—vyy: selection

1ISO

¢ E"/m_>0.35E*m >025 ’

¢ tight identification
‘ ETiso,calo < 6 GCV, ETiso,track < 2 6 GGV

¢ vy purity: 77£3% at 8 TeV

> —
P - [Ldt=20.3b", \s =8 TeV .Y_f :
= - =] .
2 A B
D 40008 1
C :

L N’ ]

3000: *, :

B ’“0”’ .

2000 oese =

: .““0 :

10008 e, -
m.“m“

11—

1.05

0.95
0.9
0.85
0.8
0.75

ATLAS Simulation \s=8TeV

H—yy (99F), my =125 GeV
m calo-isolation < 4 GeV

IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
"
*#
"
"
"
"
+
I ++ ]
I — ]

0.65E ¢ calo-isolation < 6 GeV + track-isolation < 2.6 GeV 3
1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 -
0'60 5 10 15 20 25 30

110 120 130 140 150 160

m,, [GeV]

Number of primary vertices
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¥ H—yy: systematic uncertainties

¢ Main systematics and impact on p:

Yield (Theory): PDF (ggH)

Yield (Theory): branching ratio

S}"' St . Resolution (Exp): constant term

Uncertainty group o
Yield (Theory) : scales (ggH)

Theory (yield) 0.09 S
Experimental (yield) 0.02 Vil ety or2)

L u].[1i nos it}" 0 ) 03 Migration (Theory) : ggF three jets
MC statistics < 0.01 S
Theory (migrations) 0.03
Experimental (migrations) 0.02 s e oF o et

Yield (Exp): photon isolation (2012)

Resolution 0.07
Mass scale 0.02 |

Background modelling : VBF loose
Background shape 0.02 Vil B poon 0 o2

Resolution (Exp): noise term

Migration (Exp): JES (EtalnterCal)

Migration (Theory): UE+PS
Yield (Theory) : Higgs pt (ggH)
Yield (Theory) : PDF(qqH)

Background modelling: Forward - low P,

E. Petit - XXIX Rencon

Aﬁ/Aﬁtot
-0.3 -0.2 -0A1 0 01 02 03

ATLAS

J-Ldt 451" s=7Tev : Pull

Prefit Impact on 1

W Postfit Impact on p

det =203f" (s=8TeV

H—yy, m,; = 125.4 GeV

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

2 -15 -1 -05 0 05 1 15 2
(6-6,)/A8

39



©

_-‘!:?_

g

—

H—vyy: results

¢ Signal strength /production mode:

TTTT | TTTT ' T TTT I LI TTTT LI | T TT I T TT | 71T
L E H  —Total
E L , St :
- — Syst. =
C o | 1
N ATLAS 1
B : [Ldt=45" 1s=7TeV
i HeH [Ldt=20.31", 1s=8TeV
N H"Il H — yy, m,=125.4 GeV A

Ll | Ll i Ll | Ll il | Ll Ll | Ll 1l | Ll | Ll 1l | Ll

1

0 1 2 3

5 6 7 8
Signal strength

ATLAS Total uncertainty
H — yy, my=125.4 GeV + 16 + 20
0.8 °°
+0. : :
H/BF/%gF = 0.6 | |
.......................................... ________ -
st |
_______ o
+1.1 ] :
H VH/%gF = 0605 | :
____________________________________________ _________ i
. | el A I N
+2.2
L%TH/LQLJQF =1.23%
0

[Ldt=451" |s=7TeV

[Lat =203 ", 's=8TeV
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H—yy: compatibility of results

¢ checked with jackknife resampling technique N —+— o
¢ Phys. Lett. B 726 (2013) : u=1.55"07% W S ST
— 142681 events selected there . L ey eemiesTTe

gohstiH : [Ldt=207 fo", 15 =8 TeV 3

— 111791 events selected in current analysis S Breiminary

M - H-=—H 2011-2012 -

— 104407 events selected in both e TR

0 1 2 3 4 5 6

Signal strength

— significance of the 0.4 difference between the p (with effect of the 74%
correlation between the two measurements): 2.3 .

¢ Mass measurement : p=1.29 + 0.30

— compatible within 1o

¢ Fiducial cross-sections: pu = 1.4 (8 TeV only)

— compatible within 1.2c
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¥ H—yy: changes wrt last public paper

¢ Phys. Lett. B 726 (2013)

¢ Relative ET/mW cuts

¢ Improved material description

¢ Improved calibrations

— mass resolution improved by 10%

— resolution uncertainty reduced by factor 2

4 Reduced uncertainties on photon ID and isolation
¢ Categories changed

— added ttH leptonic, hadronic
— split VH into 1-lepton (WH) and 2-lepton (ZH)

— reduce number of untagged categories (without loss of sensitivity)

¢ 10% gain on combined signal strength
E. Petit - XXIX Rencontres de physique de la vallée d'Aoste
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¥ H — yy: Total and fiducial cross-sections

4 Fiducial volume:

— photons with ETyl/mW > (.35, ETYz/mW >(0.25, |n| < 2.37

— particle isolation (in AR = 0.4) <14 GeV

4 Results:

Fidueial region

Measured cross section (fb)

Fiducial region

Theoretical prediction (ib)

Source

Baseline
Nigws = 1
N = 2
Nits = 3
VEBF-enhanced

43.2 + 0.4 (stat.) t33 (syst.) = 1.2 (lumi)
21.5 + 5.3 (stat.) t23 (syst.) £ 0.6 (lumi)
0.2 + 2.8 (stat.)" |7 (syst.} = 0.3 (lumi)
4.0 £ 1.3 (stat.) £ 0.7 (syst.) £ 0.1 (lumi)
1.68 £ 0.58 (stat.) 022 (syst.) £ 0.05 (lumi)

*'.""rl.vptumi =1
EmEs = 80 GeV

< (.80
< .74

Baseline 30.5 £3.3 LHC-XS [57] + XH
341050 STWZ [99] + XH
27.2 4348 HrEs [103] + XH
Npw > 1 138+1.7 BLPTW [106] + XH
11.7+54 JetVHeto [107] + XH
93713 MinLo HJ + XH
Niets = 2 565 = (.87 BLPTW + XH
3.00 T30 MinLo HIJ + XH
Nits = 3 .94 = 10.15 WMineo HIJ 4+ X H
VBF-enhanced (.87 £ 0.08 Minvo HIJ + X H

*'n""rl.uptunai =1
EFS = 80 GeV

(.27 = 0.02
0.14 £ 0.01

XH
XH

® Total cross-section: 31.4 + 7.2(stat) = 1.6(sys) pb

E. Petit - XXIX Rencontres de physique de la vallée d'Aoste
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H — 4l: Total and fiducial cross-sections

4 Fiducial volume:

4 Results:

- o, = 2.11+0.53 (stat) = 0.08(syst) b

¢ Total cross-section:

— 5.1 £ 8.4(stat) + 1.8(syst) pb

Muons:
Electrons:

Lepton selection

pr = 6 GeV, |n| < 2.7
pr =7 GeV, |n| < 247

Leading pair:

Lepton pairing
SFOS lepton pair with
smallest |mz — mgy

Subleading pair: Remaining SFOS

lepton pair with
smallest |mgz — myy|

Event selection

Lepton kinematics:  pr = 20,15, 10 GeV
Mass requirements: 50 < mqyo < 106 GeV

12 < may < 115 GeV

Lepton separation:  AR(f, ;) = 0.1 (0.2)

J /i veto:

Mass window:

for same- (different- )
flavour leptons

mfi, £;) =5 GeV

for all SFOS lepton pairs
118 < mye < 129 GeV

E. Petit - XXIX Rencontres de physique de la vallée d'Aoste
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