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Motivation

we discovered a new particle at low mass

5 what can we say more on this new boson?

many handles to investigate its nature

O mass measurement (mass is the only free parameter in the SM)

probe Higgs couplings

[2 observed yield (signal strength measurements)
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Mass measurement

if it’s the SM Higgs boson, its mass my is the (only) free parameter of the theory
* measurement dominated by high-resolution channels
x using full 2011+2012 pp dataset (20.7 fb at 8 TeV, 4.6+4.8 fb* at 7 TeV)

[H2YY]

& 140; ATLAS Preliminary

signature: peak in myy distribution

}  Data S/B Weighted

e COMbination of 14 categories (S/B ~ 0.01:0.6, ~355 signal events at 8 TeV)

main systematics from photon energy scale uncertainty

< weights - Bkg

H—Z72"—428 . . C e L
| | signature: peak in mae distribution
ESO? + Data ., ATLAS Preliminary . . . . . ]
o Magorzns 4 final states; lower signal yield but high purity (S/B~1.4, ~27 signal events)

r |:| Signal (mH=125 GeV)
201 77, Syst.Une. Vs=7TeV:Ldt = 4.6 fo"

sewiacnret measure dominated by muon channels (o(mgy) ~ 1.6 GeV, o(mge) ~ 2.4 GeV)

mass is extracted from profile likelihood fit to data
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combine together individual channels, test their compatibility
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Results

| profile likelihood scan vs my | 2D scan vs mu(4£), mu(yy) 1@ -2InA(Amy) (mw is profiled)
i - — i _ _
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£ [ ATLAS Preliminary —— Combined (statvsys) | 3 1295 ATLAS Preliminary £ ol ATLAS Preliminary
N [ Vs=7TeV: fLdt=4.6-4.8 ! e Combined (statonly) | O, - Vs=7TeV:(Ldt=4.6-4.8fb" ' Vs =7 TeV: [Ldt = 4.6-4.8 fb
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m,, [GeV] m,,-m,, [GeV]

YY: 126.8+0.2(stat)+0.7(sys) GeV L(my , fryy(mp) , ftae(mp) , O(mp))
48: 124.37°5 5(stat) "5 3(sys) GeV L, fyy, fae, 0)

combined: 125.5+0.2(stat)*-5.0.¢(sys) GeV

© main correlation from e/y energy scale systematics
© individual measurements compatible at 1.5% (2.40) level
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Signal strength

once my is measured, SM cross sections are uniquely determined
* we can test the agreement with SM measuring deviations from predicted yields
* assume my= 125.5 GeV and define a signal strength p such as
Niot = H* Nsig + Nbke (Ntot > 0)

* combine measurements from all decay channels
result is stable within ~4% for +1 GeV variations of assumed mn

| | | | | l |
ATLAS Preliminary  m, = 125.5 GeV

W,ZH — bb
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H— 1t

Vs=7TeV: [Ldt=4.6fb" P —_
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Production processes

different decay channels have contributions from common production modes

~— e.g.: VBF production accounts for 7% of the total H=ZZ—4¢£ and H—YY cross-sections

we can separate them passing from a single P to Pggr+tti and PvervH
* use analysis sub-categories with ggfF/VBF/VH-enriched samples (e.g. Nje:(VBF) = 2)

* in the SM, Hggr+un SCales with top Yukawa coupling
alternative “model-independent”

*in the SM, pver.vn scales with WH/ZH couplings approach: study ratio of branching ratio
factors Oyy/zz = 1.1%%4

Pyyww = 1.77%705
Pzziww = 1.67°84 ¢

comparison between channels needs ratios

in this way branching ratio factor B/Bsw cancels out

|

2D likelihood contour ‘ IJVBF+VH/L|ggF+ttH .
i , ia , ratio is 1.2%°7.4.c (SM: 1)
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Coupling measurement

probe Higgs boson couplings under a LO tree level motivated framework
* assume that all observed signals originate from a single resonance at 125.5 GeV
x  zero-width approximation: (xBR)(ii=H—ff) = ai-[5/T

= same lagrangian structure as in the SM (only modifications in coupling strengths)

fit for coupling scale factors Kg?

example:
(OXBR)(gg*HYY) = Osm(gg—H) - BRsm(HYY) - Kg?- Ky?/Kn?

N~ K and Ky? can be expressed in terms of coupling scale factors
| associated to all other particles contributing to SM loops

Y
%%% H Ky/KH

O ---0

o2
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Fermion vs vector couplings / 1

in the SM, ggH and H—YY are loop-induced

1. assume only SM particles contribute to these loops

— fit for Kr =Ki=Kb=Kr=Kg
Kv =Kw=K7?

ﬁzD likelihood contour
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Kr € [-0.88, -0.75] U [0.73, 1.07]
Kv € [0.91, 0.97] U [1.05, 1.21]

(68% CL intervals)

sign degeneracy partially

, Q ~~~~~~ solved from W- and t-loop
\ 3
\. 4 ,

interference in H—2Yyy

:{ 8% compatibility with SM (1,1)




Fermion vs vector couplings / 2

2. no assumption on the total decay width 3. no assumption on the total decay width

—— ., fit for Arv =KF/Ky and on the H—YY loop content
Kw =Kv - Kv/KH

\\@7 fit for }\FV =KF/KV

ﬂzD likelihood contour Kvv =Kv- KV/KH
> L L L L B = Avw = Ky/K
< o 5F ATLAS Preliminary + SM E —— . Y Y/ \
“E (s=7TeV,[Ldt=46-481" X Bestfit - | 1D projectipn (profiling other parameters)
2F Vs =8TeV, [Ldt = 13-20.7 fb’ —ngﬁogt E S o -
1.5F ° = 7 = ATLAS Preliminary .y E
- = < 9F- [Aeyshy vkl —
1E = < E (s=7TeV,[Ldt=4.6-48f6" _—(Opserved -
0_5; _% E jg \s=8TeV,[Ldt=13-20.7 fo" -- SM expected E
oF- = 6F E
055 = 5 =
B = 4F 3
'1-5:._ |{'." | | L | | |_f 32_ _i
0.6 0.8 1 1.2 1.4 1.6 1.8 oF =
v I :
Arv € [-0.94, -0.80] U [0.67, O. s e L]
v [ 94, ] [ 7 93] 8.4 12 14 16 1.8

Kw € [0.96, 1.12] u [1.18, 1.49] | | My
>\FV = O.85+O'23-o.13

Kvw = 1.15+0.21
>\yV = 1.22%018 4 4, 9

| 7/9% compatibility with SM (1,1[,1])
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W/Z couplings

SM requires identical coupling scale factors for W and Z
* direct test of custodial symmetry

* strong constraint from LEP measurements

1. assume only SM particles contribute to ggH/Hyy loops 2. decouple possible new physics contribution in yy

~ 10— | ' [ I B = ~  10g T T T T T
6; = ATLAS Prellmlnary Dyp g 7] E 6; = ATLAS Prellmlnary Dawpheph 2Kz =
< E (s=7TeV,[Ldt=4.6-48f" — Opserved = < E (s=7TeV,[Ldt=4.6-48f" — Opserved 3
ﬁ 8 g_ \s=8TeV,[Ldt=13-20.7fo" -- SM expected _g ﬁ 8 g_ \s=8TeV,[Ldt=13-20.7fo" -- SM expected _g
' 7= Voo ’ — ' 7= —
o : o :
5E- E 5E- \ E
4f 4f
3E- E 3E- E
2 : 2 :
1F : 1E -
o L. TSRS AU B R N oEl Ly 3

0.4 0.6 0.8 1 1.2 1.4 1.6 0.4 1.4 1.6
WZ >\'WZ

Awz = Kw/Kz € [0.64, 0.87]
Az = Ke/Kz € [-0.89, -0.55]
Kzz = Kz-Kz/Kn € [1.20, 2.08]

Awz = KW/KZ = 0.80£0.15
Arz = Ke/Kz = 0.74%°27 .17
Kzz = Kz*Kz/Kh = 1.5%%54,4
Ayz = Ky/Kz = 1.100.18

% com at|b|l|t Wlth SM 1,1,1,1
Valerio Ippolito - Higgs Properties at ATLAS (May L 5/9WT b y ( 1)) 10




Probing BSM contributions

new particles can contribute either in loops or in new final states
* assume SM tree-level coupling scale factors (Ki = 1)

* fit for effective coupling scale factors Kg and Ky

1. assume no new contribution to total Higgs width 2. allow for invisible/undetectable final states

< f ATLAS Prelminary ~ +sm E = 1g§'A'rLA's'#'ré|}r}ur;5r'y" """" KoxgB ]
- (s=7TeV,fLdt=46-48f" x Bestfit E < E (s=7TeV,[ldt=4.6-48%" — Opserved -
- (s=8TeV, [Ldt=13-20.7 " — 68%CL . ~ 8 \s=8Tev, [Ldt=13207f" -- SM expected E
1.8 - 95% CL - ' 7E R
1.6 = 6F / oS
145 = 5F =
1204, = af / E
= = 3E g -
0.8F- - 2F- =
0.6 E i M ;
08 1 i 72 73 14 15 96 17 18 051 02 03 04 05 0B [07 08 09
Ky J Bi.

Kg = 1.080.14 BRinv. undet. < 0.33 (< 0.6 @ 95%CL)

KY — 1.23+0.16_0.13

Kg = 1.08%%32,5.14

5/1o°/o compat|b|l|ty Wlth SM (1,1[,1])
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Summary

ATLAS Preliminary {s=7TeV, [Ldt=4.6-4.8 fb"

Hx1o =2 /s = 8 TeV, [Ldt = 13-20.7 fb”
I | I I I | I I I I E I
many tested benchmark models k| |
'E; w 5 : :
* common assumption: Single resonance 'é:S e e e s B ]
with SM-like tensor structure, zero width Ke I
* remark: various scenarios are correlated oS N
(based on same experimental data!) g £ v
58
é:% S Mz
no significant deviation 5
o g% e P— o _
from Standard Model prediction £ . - | -
Y
compatibility with SM at 5+10% level =
= m
g z? 1'Bi,u
< | | L
-1 0 1
m, = 125.5 GeV parameter value
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Spin-parity measurement

JPC state influences final state kinematic distributions

e.g.: in H—ZZ—4¢, dilepton invariant masses
and 5 production/decay angles

the idea: pair-wise test of different specific scenarios against SM o*

* vy, WW, ZZ: test 2* minimal coupling model with different gg/qq production fractions
x ZZ7:test also o, 1%, 17, 2

approach: build discriminant using input sensitive to different spin-parity hypotheses

© H—vyYy: use lcos(07) distribution (myy for S/B separation)

© H—WW: train two BDT classifiers (o* vs bkg, 2 vs bkg) using mye, pree, A e, My

© H—ZZ—44L: multivariate discriminant built using full 7D final state information
(two approaches: matrix element technique and BDT)

\’\-wg? discriminant distributions used to build test statistics Q = log (L(o*)/L(J?))

CLs method: CLs(J?) = po(J?) / (1 - po(0*))
Valerio Ippolito - Higgs Properties at ATLAS (May 29t, 2013) 13



Discriminating hypotheses

* . . .
lcos(0)I distribution — background subtracted
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0% e T TR = PR W ¢ Wl Background Z+jets, f H—=ZZ '—=4l - L5 _-B kg d Z+iets. ff H-zz"»41 ]
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Results

combination: exclude 2* model against o* at more than 99% CL

all combinations of qqg/gg production excluded as well

~— 10*
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n_” 103
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H— ZZ*— 4l

Vs=7TeVyLdt=4.6 1"
V's =8 TeVyLdt = 20.7 ft”

® Data

H—yy CL, expected
_ . _ -1 o
Vs =8 TeVyLdt=20.7 b (assuming FP=0*

H— WW*— evuv/uvev
Vs =8 TeV{Ldt =207 ft"

| Tl I I
L Ll L L1Lln L Lati L1t L Lt

H—ZZ—4! channel alone:

exclude o, 1*, 1~ at more than 96.9% CL

test of 27 against o* still inconclusive
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0.15]- =0
0.1 .
0.05[- .
[ T_rl—‘;l :

%5 0 15
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Conclusions

> mu = 125.5+0.2(stat)**5¢(sys) GeV
» 1 = 1.30+0.13(stat)+0.14(sys)
> Hverevh/ Hggrsttn = 1.2%%7.05
» 3.10 evidence for VBF production
» couplings consistent with SM expectation
» spin-parity studies
» new boson is compatible with SM JP¢=0*
» excluded o, 1%, 17, 2* specific scenarios against SM at more than 96.9% CL
> perspectives
» update fermion channels to full data sample
» optimization of coupling measurement in individual channels

» probe CP admixtures

Valerio Ippolito - Higgs Properties at ATLAS (May 29, 2013)
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After the LHC shutdown

CP violation in the Higgs sector

AX - VV) ~ (a1M§g,w +ax(q1 + q2)u(q1 + q2)y + assmﬁq‘{’qg) &'y separation (in 0 @14 TeV)

Integrated Signal (S) and 6+6i | 6i |4+4i
Luminosity | Background (B)
100 fb~! S=158;B=110| 3.0 |24 ]| 22
SM: a,=1, a,=a3=0 2001 | S =316;B=220| 42 |33 | 3.1
300 fb~! S =474:B=330| 52 |41 | 3.8

test a.=1, a,=0, asz=0

ATLAS Preliminary (Simulation) ATLAS Preliminary (Simulation)

/s =14 TeV: [Ldt=300 "' ; [Ldt=3000 fb" (s =14 TeV: [Ldt=300 fb"'; [Ldt=3000 fb*

. [Ldt=300 ™" extrapolated from 7+8 TeV JLdt=300 fo™" extrapolated from 7+8 TeV
coupling measurements e r,IT, “ |
ttH,H—pu "

VBF,Hostt "~

H—-> ZZ

precision in Ky, K fit - S R R
VBF,H—> WW

300 b 3000 fb! o
kv | 3.0% (5.6%) | 1.9% (4.5%) Vi oy —

ttH,H—yy

ke | 8.9% (10%) | 3.6% (5.9%) VBF Homy

H-yy (+)
H-yy

0 02 04 06 0.8 0 02 04 06 038
Ap AT Ty) Al [xy)
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Combined channels

Higgs Boson | Subsequent Ldt
glgecay Decily Sub-Channels { fb-1]
2011 +/s =7 TeV
H— 7ZZ™ 4¢ {4e,2e2u, 2ue, 4u} 4.6
10 categories
H=yy a {p1: ® 17, ® conversion} & {2-jet VBF} 4.3
TiepTlep {eu} ® {O-jet} ® (€€} ® {1-jet, 2-jet, prr > 100 GeV, VH} 4.6
H - 11 TlepThad {e, u} ® {0-jet, 1-jet, p1.rr > 100 GeV, 2-jet} 4.6
Thad Thad {1-jet, 2-jet} 4.6
Z - vy EX"S € {120 - 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 4.6
VH — Vbb W — fy p?r" € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 4.7
Z -t p% € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 4.7
2012 /s =8 TeV
H — 7ZZ® 4¢ {4e,2e2u, 2u2e, 4} 20.7
14 categories
H=y - {p1t ® N, ® conversion} & {2-jet VBF} & {{-tag, E%‘iss—tag, 2-jet VH} 207
H—-> WWW® evuy {eu, ue} ® {O-jet, 1-jet} 13
TiepTlep {€£} ® {1-jet, 2-jet, pr.r > 100 GeV, VH} 13
H - 17 TlepThad {e, u} ® {O-jet, l-jet., pT,T.,. > 100 GeV, 2-jet} 13
ThadThad {1-jet, 2-jet} 13
Z - vy E™ss ¢ (120 — 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 13
VH — Vbb W — &y p-{V € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 13
Z - p% € {< 50,50 - 100, 100 — 150, 150 — 200, > 200 GeV} 13
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Evidence of VBF production

| Uver/Uggreun (Hvh is profiled)

< _L_I I“‘I T 1T 1T 1 l 1T 171 l 1T 171 I. I I. LI l 1T 171 l 1T 1T 1 l T 1T 1 I—_
c 140 ATLAS Preliminary .
o0 : (s=7TeV: [Ldt=4.6-4.8 fo E
- \s =8 TeV: [Ldt=13-20.7 fb’ ]
10 —
- my, = 125.5 GeV -
8_— profiled u,, —
B — combined ’]
6__ ----SM expected d
o e —
2F =
O—l | I I | L1 1 1 | I~~I~~I'-I —1‘""‘ 1 1 1 | L 1 1 1 | [ I | | L 1 1 1 | l—
-05 O 0.5 1 1.5 2 2.5 3 3.5

/
VBF MggF+ttH

3.10 evidence of VBF production
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Mass resolution in H—=ZZ2—47¢

> 7\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\ > 0_1:\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\\\: >0_09:\\‘\\\\‘\\\\‘\\\\‘\\\\\\\\\\\\\\:
& 0.121~ ATLAS Preliminary ' 1 & 0.095 ATLAS Preliminary 1 & g gk ATLAS Preliminary E
10 - Simulation . 10 - Simulation ; w F Simulation .
© o4 e m,=125Gev ‘ﬁ ] 2008 o m,=125Gev E ©0.07F e m,=125GeV =
5 - Gaussian fit { ] S 0.070 Gaussian fit )\ = 5 0 065 Gaussian fit .
® 0.08] . 1 %008 E D e ]
- H—=ZZ"—4u (/s =8 TeV) ° . UOF H—ZZ*—2u2e/2e2u . 0.055 H—=ZZ"—4e (s =8TeV) -
i . 0.05F (Vs=8TeV) ¢ E - E
0.06[ m = (124.88 = 0.02) GeV ? ] - m = (124.39 = 0.02) GeV - 0.04F m = (123.71= 0.05) GeV =
- o =(1.62+0.02) GeV \ : 0.04 5 = (1.90 = 0.02) GeV ¢ E - 5= (2.40+ 0.04) GeV .
0_04; fraction outside + 20: 16% ¢ _ 0_03; fraction outside + 20: 22% é 0-03§ fraction outside = 20: 21% B
0.02- with Z mass constraint i ] - with Z mass constraint ’ ] - with Z mass constraint , :
i & § 0.01F = 0.01- ¢ E
L A : : : 11 | ‘ | . | | \:
0 80 90 100 110 120 130 140 0 80 90 100 110 120 130 140 0 80 90 100 110 120 130 140
m,, [GeV] My e/2020 [GeV] m,, [GeV]
< 207\ T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ \'\ \ < 14\ ‘ T 171 ‘ L ‘ L ‘ T 17T ‘ L ‘ L 1]
c 18i ATLAS Preliminary H— zz" —>4| c - ATLAS Preliminary H—zz" - 4| -
O F (s=7TeV: [Ldt=461b" F /1 N 128 g7 Tev: fLdt=461 4
16F ys=gTev: [Ldt=20.71b" E - Vs=8TeV: [Ldt=20.7 b .
14; { 10*‘\‘ — 4u m =123.8 Os(stat) (s s) GeV N
h _al_l systematics ] ‘ —  4e M, =126. 2*1‘32(stat) +0 8(s s) GeV 7
1 2; ----without MSS(e) and MSS(u) e 8 — 2eau - 1250 J:(Stat) o) GV B
107 _ ’ 2u2e m =122.6 % 9(stat) ° 0. 5(sys) GeV',"' ]
- My, = 124.30° (stat) (sys) GeV E 6 v 7
8\ ]
6 = PIAN
4+ —
- ] 2
2r -
071‘1717 1 7777777777 1,11”1111 77777 17”‘”17 77777 E OI RTINS | S L 1 |
123 124 125 126 127 122 123 124 125 126 127 128
m, [GeV] my, [GeV]
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Are

> 1297 ATLAS Preliminary
S [ Vs=7Tev:[Ldt=4.6-4.81"
£, Vs=8TeV:[ldt=20.7fb"
128 ,
B X Best fit
- ——68%CL
1 27 ; """ 950/0 CL
IR 99.7% CL
- — Am,=0
126
125
124
1231
122

Valerio Ippolito - Higgs Properties at ATLAS (May 29, 2013)

compatible?

-2InA

ATLAS Preliminary
Vs=7TeV: fLdt=4.6-4.8 fb
Vs=8 TeV: [Ldt=20.7 fb!

/

30

-2InA(

20

1o

Signal strength (u)

YY and ZZ masses

4
- ATLAS Preliminary —— Combined
- Vs=7TeV:[ldt=4.6-4.8 fb —H—yy
3.5 Vs=8TeV:[Ldt=20.7fb" — H->772" 5 4
I X Best fit
3 — 68% CL
Y 95% CL
2.5
21
1.5
1=
0.5
7llll‘llll‘llll‘llll‘llll‘llll‘llll
122 123 124 125 126 127 128 129

m,, [GeV]

© main correlation from e/y energy scale systematics
© individual measurements compatible at 1.5% (2.40) level
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Ratio of branching ratios / SM

< 6 B T T T T T T T T | T T T T | T T T T | T T T T : T T T T |
< - ATLAS Preliminary .
o 5 (s=7TeV: [Ldt=4.6-4.8fb" _-
- (s=8TeV: [Ldt=20.7 fo" ]
L T £ —
B observed 7]
3 :_ SM expected _:
2 -
S —
E my, = 125.5 GeV E

O T B B | | [ T :_: i | | 11 1 1 | [ R B | | [ I B |
0 0.5 1 1.5 2 2.5 3
pyy 12Z

BR(H—vy)  BRsm(H — ZZW)
Pyy|ZZ =

BR(H — ZZ®™) BRsm(H— yy)

0(99 — H) * BRIH-yy) ~ UgeFiiH:H-220 * Pyy/ZZ
o(qq - qq'H) * BR(H->7yy) ~ HggF+7H;H—2ZZ® * MVBF+VH [HggF+1iH * Pyy/ZZ

o(gg > H)*BR(H - ZZY) ~ poep.imn—zzo
o(qq’ — qq'H) * BR(H — ZZ™) ~ HggF+iH;H—ZZ® * HVBF+VH [ ggF+iiH

04
PyylzZ = 1-1J-r0.3
Pyyww = 17501

pzzyww = 16103
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2In A

2In A

T T T T | T T T T | T T T T | T T T T | T T T T
.

1 .

1

ATLAS Preliminary

{s=7TeV: [Ldt=4.6-48f" .
ls=8TeV: [Ldt=20710" .~

____________________________________________________________________

— observed
--- SM expected

___________________________________________________________________

my = 125.5 GeV ..

.
S .
1 1 1 I 1 1 1 1= 4 1 1 1 1 I 1 1 1 1 I 1 1 1 L

0 0.5 1 1.5 2 2.5 3
p«{\(/WW
ATLAS Preliminary

(s=7TeV: [Ldt=4.61b"
{s=8TeV: [Ldt=20.7fb"

_____________________________________________________________________

— observed
----SM expected

III|IIII|IIII|II‘~II

__________________________________________________________________

m,, = 125.5 GeV"._

~ .” I I
1 1 1 1 1 1 1 I r 1 1 I 1 1 1 1 1 1 1 1 1 L

0 0.5 1 15 2 2.5

w

pZZ/WW 24



A

Solving sign degeneracy

(OXBR)(gg—=H—YY) = Osm(gg—=H)-BRsm(HYY) - Kg? Ky?/Kn?

interference effect

KY2<KF,KV) ~ 1.59°Kv? - 0.66* KyKFf + 0.07 * Kf?
e e e e e e e e mmmmmmmmmmmmmmmmmmmmmmmmmememmeemeeee= e emmemmmmmmmmmmmmmmmmm—aa.
i — AVAVAVAVAVAV. Y
: H Y TR
a A -
i t
i W Y AN v

---------------------------------------------------------------------------------------------------------------------
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Fermion vs vector couplings / 1

in the SM, ggH and H—YY are loop-induced

1. assume only SM particles contribute to these loops

~— fit for Kr =Ki=Kb=Kr=Kg

Kv =Kw=Kz
¢ i Py SRR

oL - CIH— Il S3H > iy

3L ‘S=7 eV, |Ldt =4.6-4.8 fb 'H%YY I combined
- \s=8TeV,|Ldt=13-20.7 fi" + SM X Best Fit

2.

1

0

-1 5
e I ~|..|||||||||||||||||||All||l||l:

06 0.7 08 09 1 11 12 13 14 15 1.6

Ky

Kr € [-0.88, -0.75] U [0.73, 1.07]

Kv € [0.91, 0.97] U [1.05, 1.21]
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Fermion vs vector couplings / 2

in the SM, ggH and H—YY are loop-induced

1. assume only SM particles contribute to these loops

— fit for Kr =Ki=Kp=K+=Kg

_— ‘ : , , Kv =Kw=K7z
1D projections (profiling the other parameter)

~ g7 717 3 ~ 177 U L I 3
\;, = ATLAS Preliminary _ [icy ] = \<¥, 9E ATLAS Preliminary [icy ] E
c aE- Vs =7 TeV, [Ldt = 4.6-4.8 fbf — Observed E c aE- is=7TeV, det=4.6-4.8fb'f — Observed E
o - \s=8TeV, [Ldt=13-20.7fb" -- SM expected e o § \s=8TeV, [Ldt=13-20.7 fb" -- SM expected :
7= : — 7= —
o - o =
5 E 5 \ E
3 E 3 ,
32 = 2t 2
007 12 13 14 R R 5
Ky Ke

Kr € [-0.88, -0.75] U [0.73, 1.07]

Kv € [0,91' 0.97] U [1.05’ 1.21] (68% CL intervals)

| 8% compatibility with SM (1,1)
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Fermion vs vector couplings / 3

2. no assumption on the total decay width

\\@7 fit for Arv =K¢/Ky
Kvv =Kv- KV/KH

1D projections (profiling the other parameter)

—_~ 1 O [T | T T T T | T T T T | T T T T T | T T T T | T T T T L — 1 O _| T T T | T T T | T T T | T T T T | T T T | T T T —
> [ - > [ ]
> = e ] > = T -

< = ATLAS Preliminary . ey ko] = < 9E ATLAS Preliminary Dy i) E

é o E (s=7TeV,[Ldt=4.6-4.8 b — Observed = é E (s=7TeV,[Ldt=4.6-48f" — Opserved =

~ - Vs=8TeV,[Ldt=13-20.7fb" -- SM expected ] ~ 8 -~ (s=8TeV,[Ldt=13-20.7fb" -- SM expected E

' 7 — ' 7B . P —
6F- - = 6F- =

5 . 5t =

4 4

3 T 3E =

2 ;S 2 .

1 i i i 1 i i

O :I | | T | 1 | - O :| 11 | -

1.5 1 -0.5 0 1.5 04 06 0.8 1 12 14 16 1.8

My Swv

Arv € [-0.94, -0.80] U [0.67, 0.93]
Kw € [0.96, 1.12] U [1.18, 1.49]

| 7% compatibility with SM (1,1)
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Fermion vs vector couplings / 4

3. no assumption on the total decay width and on the H—=YyYy loop content

'”\;7 fit for Ay =KF/KV
Kvv =Kv- Kv/KH

1D projections (profiling the other parameters)

Ayv = Ky/Ky

~ 07— T ~ 0 g
< = ATLAS Preliminary _ [)\FV,LYV,KVV] = \%> oF ATLAS Preliminary [7‘Fv’)‘yv"<vv] _%
E NS is=7TeV, [Ldt=46-4.8 b 1 — Observed E < oF s=7TeV,[Ldt=4.6-48%" — Opserved E
o - \s=8TeV,JLdt=13-207 "  -- SM expected - ~ - Vs=8TeV, [Ldt=13-207f" -- SM expected .
A== — : 7E -

6;— _; 6;— _i

52— _; 5;_ —i

4 - af -

3 = 3 E

2;— _; 2;_ —;

1E 1E

o s 0- -

My Kyv

ARy = 0.85%%-23 4 13
Kvw = 1.15+0.21 | 9% compatibility with SM (1,1,1)
AYV — 1.22+O.18'O.14
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Benchmark models

1. fermion vs vector couplings; only SM particles

o(gg — H) * BR(H— yy)

o(qq’ — qq'H) * BR(H— yy)

o(g99 — H) * BR(H — ZZ®,H - WW™)
o(qq’ — q9'H) * BR(H — ZZ,H —» WW®)

o(qq’ = qq’H,VH) » BR(H — 17,H — bb)

K2 K\z((KF Ky)

075 K2 +0.25 12
Ky, - K7 (KF, Ky)

075 K2 +0.25 -1

Kg(KF, Ky) = 1.59 - K%, ~0.66 - xyxr + 0.07 - 1(%

Ky = Kw =Kz xkr € [-0.88,-0.75] U [0.73,1.07]
Kr = K=K =K =Kg ky € [0.91,0.97]U[1.05,1.21]

Valerio Ippolito - Higgs Properties at ATLAS (May 29", 2013)
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A

o(g9 - H) *BRH-Yy) ~ My Kpy - Ay, 1)
o(qq’ = q¢ H) *BRH-yy) ~ -k Apy,1)
o(gg » H) *BRH — ZZ®, H - WW®) ~ A%, -xj,
o(qq — qq’ H) « BR(H —» ZZW, H > WW®) ~ K%,V
o(qq — qq’H,VH) * BR(H = 11,H — bb) ~ K%,V : ).%V

Benchmark models

2. fermion vs vector couplings; no assumption on total decay width

Kg(KF, Ky) = 1.59 - K%, ~0.66 - xyxr + 0.07 - 1(%

>>

B

<
|

KF/Xy Ay € [<0.94,-0.80] U [0.67,0.93]
Ky * Ky /Ky kyy € [0.96,1.12] U [1.18,1.49]

)
<
<

|
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Benchmark models w

3. fermion vs vector couplings; no assumption on total decay width and on H—=YY loop content

o(gg — H)* BRH- yy) ~ Ay -y Ay
o(qq — qq'H) * BR(H—->vyy) ~ Kyy * K?V
o(g9 — H)*BR(H — ZZW, H - WW®) ~ A%, -y
o(qq’ — q¢'H) * BR(H — ZZ®,H - WW™) ~ &,
o(qq = q¢’H,VH) * BR(H — 171,H > bb) ~ iy - Aoy

AFVv = Xfg/Xy
My = Xy/Ky Arv = 0.857073
Kyvv = Ky Ky/Ky Mv = 1-22t8fi§

kyy = 1.15+0.21
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A

Benchmark models

1. W/Z couplings; only SM particles contribute to loops

o(gg = H) * BR(H-vyy) ~ ;‘%"Z : K%Z . K%(}.Fz, 1)
o(qq — q¢'H) * BRH-yy) ~ xyppwz, 1) - xzz - xy(Arz, 1)
o(g9 —» H)*BR(H - ZZ®) ~ 2%,-x%,
o(qq — qq'H) * BR(H — ZZ™) ~ nc(Awz, 1) - x5,
o(gg — H)* BR(H —» WW®™) ~ 22 .« -\,
0(qq — qq'H) * BRH —» WW®) ~ & (Awz,1) 15, Ao,
o(qq’ = qq H) * BR(H - 17) ~ pe(wz, 1) %z - Az

;ZZ = Xz Xz/¥u wz € [0.64,0.87]
XWZ = kw/kz \rz € [~0.89,-0.55]
Fz = Xr[Xz kz; € [1.20,2.08]
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A

Benchmark models

2. W/Z couplings; decouple possible new physics contribution in yy

o(g9 > H)* BRH-yy) ~ My ¥y 7‘32

o(qq — qq'H) * BR(H->vyy) ~ K%,BFO»WZ, 1)- K%z ’ 7‘32
o(gg — H)*BRH — ZZW) ~ 22,5,
o(qq¢ — qq H) * BR(H - ZZ™) ~ Eppwz, 1) -5,
o(gg — H)* BR(H » WW®) ~ A2 .15, Ae,
o(qq — qq’'H) * BR(H » WWY) ~ Qprwz, 1) - %57 - Ay
o(qqd — q¢’ H)*x BR(H > 1) ~ kyprAwz, 1) K5z - Ay

Kzz = Kz-'Xz/KH Awz = 0.80+0.15
Awz = Kw/kz Az = 1.10+0.18
iwz - EY//ZZ Az = 074703
FZ FIRZ KZZ — 1.51-82
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A

Benchmark models

1. BSM contributions; assume no new contribution to total Higgs width

(g9 — H) * BR(H-yy) ~ i
(99 YT 00852 +0.0023 1 + 0.91
7@q = a ) *BRU=YY ~ s 2+ 00023 -2 + 091
. g . *

o(g99 — H) * BR(H — ZZ",H - WW®) ~ Ké
(99 ) ( ) 0.085 - Ké +0.0023 - K% +0.91

1

' — gq’'H) * BRH — ZZ®,H » WW®) ~

(g9’ — q4'H) * BR( )~ 0.085 <2 +0.0023 2 + 091

1

o(qqd — qq H,VH) * BR(H — 17,H — bb) ~
(99" — 99 ) * BR( ) 0.085 - k2 +0.0023 - 12 + 0.91

1.08 £ 0.14

_ +0.16

e
|

Valerio Ippolito - Higgs Properties at ATLAS (May 29", 2013) 35



Benchmark models

2. BSM contributions; allow for invisible/undetectable final states

o(99 — H) * BR(H— yy)

o(qq — 9q'H) * BR(H— yy)

o(g9 — H) * BR(H — ZZ®,H - WW®)
o(qq — qq H) * BR(H — ZZ®,H - WW®)

o(qgq’ = qq’'H,VH) * BR(H — 11, H — bb)

- g (i) Y
H p—
(1 - BRinv.,undet.) H

Valerio Ippolito - Higgs Properties at ATLAS (May 29", 2013)

K K

0.085

12 +0.0023 - 1

i

+0.91

0.085

12 +0.0023 - &
K2

g

+0.91

0.085

12 +0.0023 - 2
1

+ 0.91

0.085

12 +0.0023 - K2
1

+ 0.91

0.085

12 +0.0023 - 2

Kg
Ky

BRinv.,undet.

+0.91

’ (1 - BRinv.,undet.)
’ (1 - BRinv.,undet.)

’ (1 - BRinv.,undet.)
’ (1 - BRinv.,undet.)

’ (1 - BRinv.,undet.)

0.32
1.08" 14
0.16
1.247514

0.33
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JP: test statistics vs fqq

- ATLAS Preliminary

| H—2zZ* — 4l
[ Vs=7TeV: [Ldt=4.6fb"

30_ s=8TeV: [Ldt=207 fb
: H— vy
" Vs=8TeV: [Ldt=207 fo!

20H — WW* — evuv/uvev
Vs =8 TeV: [Ldt=20.7 fo"

® Data

Spin 2_-

Signal hypothesis .10 |

[ 20

P _ At
.JHO—O
P +
oJH1=2

Valerio Ippolito - Higgs Properties at ATLAS (May 29", 2013)

" ATLAS Preliminary

| H— 77" — 4
~ Vs=7TeV: [Ldt=46 fb™!

- Vs=8TeV: [Ldt=20.7 fo!
L H— vy
- Is=8TeV: [Ldt=20.7 fio!

—H — WW* — evuv/uvev

| Vs=8TeV: [Ldt=20.7 fo"

® Data

Spin 0-
Signal hypothesis .10 1
|:| 20 |

P _nt
oJHO—O

P
oJH1 =2"
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R /L. SpIn

8 O_37|||||IIII|IIII|IIII|IIII|IIII7 % O_37|||||IIII|IIII|IIII|IIII|IIII7 8 O_67|||||IIII|IIII|IIII|IIII|IIII7
% - ATLAS Preliminary —Data *E - ATLAS Prellmmary —Data *E - ATLAS Preliminary —Data
L 0.25- H— ZZ( ) — 4] Signal hypothesis | L 0.251- H— ZZ — 4] Signal hypothesis L 0.5 H— ZZ( ) — 4| Signal hypothesis |
- {s=7TeV: [Ldt=4.61b" (m =125GeV) | - {s=7TeV: [Ldt=4.61b" (m =125GeV) | - \s=7TeV: [Ldt=4.61b" (m=125GeV) |
0.2~ Vs=8TeV: fLdt=20.7 fb" _FP =0 0.2/~ {s=8TeV: [Ldt=20.7 fb" _ P =0 0.4 Vs=8TeV: fLdt=20.7 fb" _JFP =0
- JP - MELA ;' 1 - JP - MELA E 1 - JP - MELA ;' 1
i - N - _ 4+ L _nt
0.15 "'JH1_0 o 0.15 R "JH1_ 1 B O.Sj ""JH1_2m o
i S i i Pl i i I, )
0.1+ } g . 0.1 } T AN . 0.2 ; } } .
i S ] i C RN ] i TRyl ]
0'05? 'I_ I | SN i 0'05? _Ilr I siggig i O-1j | §§ | i
07_1 +-1" | | [ i§§§§§§§§ - 07J Lol | [ gig\ ‘—-I-._I_I | | 1 | 07J Ll LJ L1 L ..-I‘ gii ;Egr/ 1| J L1 1 17
15 -10 -5 0 -15  -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15

log Iog(L(Ho)/L(H1)) Iog(L(HO)/L(H1))

l: :nr = ) e ~ 10_ IA1I_LIAIS T T T [ T T T T [ T T T 1 ]

| VS 2 | v“ i Preliminary

O 3 S — ) SI\ 8_— H—z7"=4] ® Data Spin 0_‘

T° [ (s=7TeV:fLdt=461p" Sonahveeiness [{1o ]

= 6 fs=8Tev:ldt=2071" e f =0 [J20]

o - JP-MELA analysis ® Ja =2 -

——— — e — —— — ——— i ———
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JP discrimination in WW

C 0.3_ T T T T I T T T T T T T T 1 C
2 | ATLAS Preliminary | 2 - ATLAS Preliminary .
'c—%’ - Simulation, Vs =8 TeV —HO [125] 'c—% Simulation, Vs = 8 TeV —HO[25]
- * + - - * + -]
g [ H>WW"— ew/ue + 0 jets = H27[125] 7 % ool H— WW"— ep/ue + 0 jets ~H2T125]
Z 02 - z ] 1
> > AL
S e : N S :
5 I e preeeeee—— i '_‘§ S SR s
<C B PYCPITLEE | < - : : _
% IR | 0.1 - ]
O_ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | ] 0_ 1 | 1 1 1 | 1 1 1 | 1 1 1 | i ...... :
0 1 2 3 20 40 60 80
Ag(ll) m, [GeV]
S 1 1 . S - T 1 T T ]
04 ATLAS Preliminary ] = ~  ATLAS Preliminary ]
£ " Simulation, Vs = 8 TeV —HO[125] 4 £ 4 Simulation, \s =8 TeV —HO[125] 1
% - Hww!— en/ue + 0 jets .- H 2" [125] i g T W s eu/ue + 0 jets e H2V[125] A
Zz 03 — p B i
= - - > 03 e ]
© B i © I S LEEYEEEEEEEE i
7= o ] 5 B .
& 02__ ......... E __ < 02__ _|
0-1:_ : Fessssnnn _: 0.1__ lllllllllllll __
0 1 | 1 1 1 | 1 1 1 | 1 m B 1 1 1 | 1 1 1 | 1 1 1 | 1 ....I....I.....
20 40 60 80 %O 40 60 80 100
Il miss
p; [GeV] T [GeV]
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JP discrimination in WW
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Angular variables

relevant observables in H—=ZZ—42£ J°¢ analysis (similar for H2WW,yY)

m;,: invariant mass of the on-shell Z (Z,)

m,: invariant mass of the off-shell Z (Z,)

0%: angle, in X reference frame, between Z, and beam axis

@, ©.: azimuthal angles, in X reference frame, between X, Z, and
Z, decay planes

0i: angle, in Z; reference frame, between lepton and Z; flight line
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Mass/angular distributions
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Individual spin results

faz || Nae(0") | Nae(25,) obs. po(0¥) | obs. po(2;,) || 1-CLs (2;,)
100% 270’_“21380 110’_’%0 0.543 0.005 0.99
75% 250:1380 1703(1)8 0.591 0.005 0.99
50% 250:1380 2301’%38 0.619 0.007 0.98
25% 260314}(1)0 260fﬁ’8 0.613 0.010 0.97
0% 26031;80 320fﬁ’8 0.725 0.014 0.95
] Spin p-values (%) B +
Jaa (%) hypothesis | expected | observed 1= CLs27) (%)
0* 1.2 58.8
0 2+ 0.5 0.3 993
0* 6.3 60.2
25 2% 5.3 3.1 922
0* 24.3 75.2
>0 2* 234 7.9 o8
0* 294 88.6
& 2+ 28.0 34 .
0* 14.8 79.8
100 2+ 135 25 88
BDT analysis JP-MELA analysis
tested J* for tested O for tested J* for tested O for
an assumed 0* an assumed J© | CLg an assumed 0% an assumed J* | CLg
expected | observed observed* expected | observed observed*
0" | po | 0.0037 0.015 0.31 0.022 | 0.0011 0.0022 0.40 0.004
1" | po | 0.0016 0.001 0.55 0.002 | 0.0031 0.0028 0.51 0.006
17 | po | 0.0038 0.051 0.15 0.060 | 0.0010 0.027 0.11 0.031
2, | po 0.092 0.079 0.53 0.168 0.064 0.11 0.38 0.182
27 | po | 0.0053 0.25 0.034 0.258 | 0.0032 0.11 0.08 0.116
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Fiducial cross-section

measure production and decay cross section in H—=2yy

* inclusive analysis (no categories: more model-independent approach)

= fiducial region: photon Inl < 2.37, EfY' > 40 GeV, Er¥2 > 30 GeV

from S+B fit to myy distribution

7
Nsig;;/ 748+39(stat)«11.2%(syst)
04 X BR =
CH X Lint
(j S~ o
correction factor for detector effect integrated luminosity (20.7 fb* at 8 TeV)

(efficiencies for photons within acceptance)

0.643 (+2.7%)

main systematics: T — — N
mass resolution, background modelling, ; 56.2+10.5(stat)6.5(syst)£2.0(lumi) fb

ohoton identification | good agreement with SM expectation from MC |
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