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Introduction

« Characterize the Higgs production with the H->yy channel : measure various POls
(Parameters of Interest)

-cross-section : absolute (o) or relative to SM : signal strength (U=(cXBR)/(cXBR)g\)

events _,ﬁx-f”“””"”:::
-per production mode : G;, H;
-in phase space of Higgs topology: ooy -
(Simplified Template Cross-Sections) —7 s SRS - — >
-strengths on ‘scattering amplitude’ : L category

final DV final DV final DV

S

-in fiducial regions: integrated: o4, differential : dog/dX

(no extrapolation to total phase space) N\,
events

events — 1 S

) ——'Q-——— %
- —

,,,,,,,,,,,,,,,,,,,,,,,,,, |

final DV final DV final DV

(final DV : final discriminant variable : m, )



Observables

« Traditional measurements on cross-sections

-Ccross-sections o, inclusive + do/dX Already

- o in phase space of Higgs: Simplified Template Cross-Sections: ogrys| discussed on
-strengths on signal rate p=(oxBR)/(cXBR)g, previous slide

« k-framework
-strengths on ‘scattering amplitude’ : Various benchmarks

(fermion/bosons)
\/
SM Yukawa sector
J(Eﬁ» i) -] £) :@r!. . Jp—

-Ratio of coupling modifiers: A=/ / |
u

custodial

(whenever a ratio is chosen, a reference
coupling modifier is also considered,
for the scaling : typically k;=x;. k;/ky)

gauge sector

O
Aop

 EFT : generalization of strenghts w/ JP¢ I : Mixed sector
3
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« Data
ATLAS recorded 2015+2016: 36.1 fbL, trigger : g35 loose_g25 loose, eff=99.0 + 0.5 %
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« MC : normalization cross-section up to N3LO QCD+NLO(EW)

Process Generator Showering PDF set Nz G: [{J; ]TeV Order of calculation of o
ggH Pownec NNLOPS  Pyruia8  PDF4LHC15 48.52 N"LO(QCD)+NLO(EW)
VBF PowHEG-BOX PyTHiA8  PDF4LHC15 3.78 NNLO(QCD)+NLO(EW)
WH PowHEG-Box PytHia8  PDF4LHC15 1.37 NNLO(QCD)+NLO(EW)
qf — ZH PowneEG-Box PytuiaA8  PDF4LHC15 0.76 NNLO(QCD)+NLO(EW)
g9 — ZH POWHEG-BOX PYTHIAS PDF4LHC15 0.12 NLO+NLL(QCD)
ttH MG5_AMC@NLO PYTHIAS NNPDF3.0 0.51 NLO(QCD)+NLO(EW)
bbH MG5.AMC@QNLO PyTHIAS CT10 0.49 5FS(NNLO)+4FS(NLO)
t-channel tH MG5_.AMC@QNLO PyTHIAS CT10 0.07 4FS(LO)
W-associated tH  MG5_AMC@QNLO  HERWIGH+ CT10 0.02 5FS(NLO) 4
Yy SHERPA SHERPA CT10

Vyy SHERPA SHERPA CT10

|||\\\‘II\I|II\\‘\I\I\I\\‘\\I\ll\l\_
ATLAS Online, 13 TeV det=1oo.s fo

uoneIq|[e2 g0z ey
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Selection of photons

« exploits segmentation of electromagnetic calorimeter in order to :
o e (1) measure direction : (2) identify photons
calorimeter pointing (suppress fake photons)

iy, Layer 3 -shower shapes
Layer 2
Layer 1

43X, ///{//Z//{/{% 7

(W) Y o

&
& 17X,
\g.;«- Q

/)

11pointing

-0—0-
0 Ncluster z

Neural Network:
{calorimeter pointing pull+

pointing (pull), Zp+2, Zpy, Ad(trk, yy)}

(3) measure energy 5

calorimeter tracks



Selection of photons (flashed)

Good quality events (‘GRL’), >1 PV

« Primary objects : Photons
-2 photons, |n|<2.37, exclude calorimeter barrel-endcap transition region 1.37<|n|<1.52
-E+/m,>0.35, 0.25, tight ID, isolated

-eff, (Identification ‘quality’) : -Isolation (calorimeter+track)
from shower shapes Calo : Topo E; cone 20 <0.065xE+ (‘FixedCutLoose’)
conv. : 90 98 % (pT c 25 200 GeV) Trk : Pt cone 20 : <0.05XE-|—

unc. : 85- 95 % (py € 25-200 GeV)

) 1_ & L ' LR ]
3 £ ATLAS Simulation F’rehmfnary ) B ATLAS Simulation 1
S 098 i S ol *ime
D r T = 95— & _’_ —
S 0.96] . - o i **ﬂu+++ﬂ,*ﬂ ]
2 - . Qo r ']. i = PP
© = - {
o 094 . — — 8 09+ e * e
= E — = [} ~L Ll T +
AN S I .
T F = H-yy (9gF), m, = 125 GeV, {s=13 TeV 1 5 - e,
g 0.9 calo ¥ track v . _8 0.851~
= L &= Etiso < 0.085 x Ey, B\ <0.05xEy = B
T 088 . = a [ H—yy (ggH), m =125GeV
0.86F « Converted B 0.8~ 4 \s=8TeV
. = Unconverted - T e |s=13TeV
0'84_|\|\||\|\I|||\|||I\|\||\|\||\I\|\I|\|7 0?5~‘ N T T T
20 40 60 80 100 120 140 160 180 200 73y 5 10 15 20 55 30

Y
Ey [GeV] Number of reconstructed primary vertices

-Direction : NN : {Zp;2, Zp1, Adp{trk, yy}+extended calo pointing
Eff(|z,-z,45.,,/1<0.3 mm) : 79 % for ggH (others : 84-97 % : f(#], #leptons) 6
-m, € [105 ; 160] GeV



Signal modellmg

. m,=V2E,E,(1-cos 6 z
Shape : 2( ) 5 0 E_ Gaussian Distribuici;cfr? ATLAS _E
-Double-sided Crystall-Ball function ‘ [ xom
g 10° = Oce-Yhigh E
E Power Law E
2 0.16 (m )
S FVs=13TeV ATLAS Simulation 10 PoverlLaw ” E
S 0141 H—yy, m =125 GeV = )" o]
S o 12; __ | | | | __
% - ggH%l Cen 320 540 560 580 soo'K 620 640 660 680
'*c% 0.15_ — MOdel My 1GeV]
- 008 -same shape used for all processes
0.06F goH 0J Fwd « different for each reconstructed category
004 — Model -m,=125 GeV MC samples for all processes
oozl -Statistics analysis made at m,;=125.09 GeV
- - I . +
pgemsnns =5 1 S shift p-g by 0.09 GeV: m +Apg

135 140
m,, [GeV]

* Yields
Per reconstructed category (r)
(details : per phase space (‘truth bin (t)’) of STXS)

Expected (SM) Higgs bosons to pass selection: 1733 events



Background modelling : method

(simplified explanation here : more details in backup)

- Bkg model : choice of functional forms form

 Fit a background-only dataset with model bkg+signal
Residual fitted signal: spurious signal (ny,)

Spurious signal taken as positive (absolute value) : no correction: systematics

 Test various bkg functional forms (small variant for low stat MC)
Choose one w/ smallest dof among those respecting criteria on |ng|
<20 % expected stat. uncertainty on signal
—>too #dofs<&bkg model catches all stat. fluctuations: no discovery
<10 % expected signal yield
Spurious signal : max of fitted signal w/ signal model in 121-129 GeV

 Test chosen functions on data w/ fit on sidebands (exclude 121-129 GeV) w/ extra dof

of same family: computes compatibility y? (F-test). Reject simpler model if p(y2)<5 %

8



Systematics

« Bkg

‘ _ #events

bkg fitted directly on data

->no direct systematics on bkg yield ‘ \(\

but : spurious signal due to choice of bkg functional : for each category My

systematic : residual yield on bkg-only sample

- Signal: yields ‘

-theory : cross-section (scales, PDF+a), BR
-experim : luminosity, eff: trigger, photon ID, isolation, objects

 Signal: shape > * migrations
-peak position N btw categories (prod. modes) ‘
~photon energy scale

+240 MeV (A+CRuf 1)

-peak resolution

~photon energy resolution . M
A )" T____/ //-/
T |

(final DV : final discriminant variable : m final DV final DV final DV

W)



Systematics: overview

Systematic uncertainty source Nnp Constraint Category Fiducial

Likelihood  Likelihood
ggH QCD 9 NE (04, 0:) v -
. Missing higher orders (non-ggH) 6 NE Fin(oi, ;) v -
§ B(H — vv) 1 N Fin(oi, 0:) v -
& PDF 30 NE Fin(os,0;) v -
asg 1 NE Frn(os,6:) v -
UE/PS 5 NP Fix(os,6:) v -
Heavy flavor content 1 Ng Fin(oi, 0:) v -
- Luminosity 1 N Fin(oi,6;) v -
© Trigger 1 NEYFrx(oq, 6;) v -
~ Photon identification 1 NE Fin(oi, 0:) v -
:2 Photon 1solaF10n 2 Né; Frn(es, 8;) v -
d Flavor tagging 14 N§ Fin(os,05) v -
E Jet 20 NE Frx(os,6:) v -
é g Jet flavor composition 7 Ng Fin(oi,0:) v -
&3 % Jet flavor response 7 Ng Frn(ei, 8) v -
£ Electron 3 NE Fin(oi, ;) v -
= Muon 11 NE Fin(os,0;) v -
Missing transverse momentum 3 Ng Frn(og, 8;) v -
Pileup 1 NE Fin(os, 6;) v -
Photon energy scale 40 NE Frn(oi,6;) v -
B ATLAS-CMS 1 jion Fo(0:.6;) v v
g Photon energy scale 40 e Faol(oi, 0;) v v
& Photon energy resolution 9  ocp FLn(0:.6;) v v
Background Spurious signal Varies Nspur,e Ospur,e v v

Uncertainty Group O'int'
Theory (QCD) 0.041
Theory (B(H — v7)) 0.028
Theory (PDF+ag) 0.021
Theory (UE/PS) 0.026
Luminosity 0.031
Experimental (yield) 0.017
Experimental (migrations) 0.015
Mass resolution 0.029
Mass scale 0.006
Background shape 0.027




Coupling analysis



From U, k, 6 to STXS

« Direct (dis-)agreement SM () »  “Simplified’ : indep. decay mode & « Specific to decay mode

 f(ref.): model, precision ¢ —>easy to combine —>not easy to combine
* higher sys. error () * Reduced th. sys. error () * region detector acceptance ()
- region detector acceptance |y,[<2.5 ¢»  —>tiny model dependency
>reduced model dependency * Reduced th. syst. error

« Allow to test various BSM models (=)

For more information:

‘“Template’ : SM templates to fit prod. modes

“Truth bins’ of phase space (=granularity)
exclusive kinematic fiducial regions
=subdivision of prod. mode processes
chosen to minimize dependence on th. uncert, uGtSM
isolate BSM, maximize exp. sensitivity

-specific to topology (Higgs, environment [jets, etc.])

-Splitting by theoretical property ! Ny
(typically prod. mode)
-Merging of fiducial regions
Several levels of granularity: stage 0, 1, etc. 12
Merging truth bins if low statistics




STXS ‘stage 0’

........... merged :

(H 4 leptonic ) ssssssssssssssssshsasssssssssnsnaannnnnnnnnnnnnnnnng

; E
e O T

------------------------------------------------

13



(units in [GeV])

Amount of data : no sensitivity to full stage-1->merging of lower-rate regions

0 - e VH (H + leptonic V)
7z ) 4
| qqg —+VH |
I

W — fu | (+) |Z%££+w7 |
—[ #0150 ] —[ Py (0.150] ]
; N
+
)
Sensitive to BSM and \
:

9 _ (EWaqH incl. ¥ H = aqH) ggH + VBF : anti-correlated
| L . \ ->measure sum : precise measurement
Lei 0,200 | (substraction : nuisance parameter : little sensitivity)
- i L)

_ IZER

> 2jetver ous] [ RGN + RS (%)
L. in ggH truth bins

/
(‘+> means ‘merge if not enough statistics’ in the original scenario)

_ 14
[ Strong merging ]




bbH tH

_ (H + leptonic V')

qq - VH

| W — v | (+)
—| p¥ [0,150]

py (150,25

| Z — b+ vo |
—| p¥ [0,150]

Py [0,150]

Category Selection
tH lep Ofwd Niep = 1, NES2 < 3, Np—tag 2> 1, Njfggg =0 (pJet > 25 GeV)
cen W t
tH lep 1fwd Niep = 1, N§52 < 4, Nptag > 1, N9 > 1 (pJTe > 25 GeV)
ttH lep Niep 2 1, NiS2 > 2, Np—tag 2 1, Zee veto ( ISt > 25 GeV)
ttH had BDT1 Niep = 0, Njets > 3, No—tag > 1, BDTypr > 0.92
ttH had BDT2 Niep = 0, Njots > 3, Nip_tag > 1, 0.83 < BDTyn < 0.92
ttH had BDT3 Niep = 0, Njets > 3, No—tag > 1, 0.79 < BDTyn < 0.83
ttH had BDT4 Niep = 0, Njets = 3, No_tag > 1, 0.52 < BDTy4p1 < 0.79

tH had 4j1b Niep = 0, NS =4, Np_tag = 1 (0 jet 25 GeV)
tH had 4j2b Niep = 0, N3Gt = 4, Np_tag > 2 (pr et > 25QeV)
VH dilep Niep = 2, 10GeV < myp < 110 GeV,
VH lep High Niep = 1, [1mey — 89GeV| > 5 GeV, p";ETlss > 150 GeV
VH lep Low Nl o 80 GoN L2 5 GeV, fF+E'}nlSS < 150 GeV} Emiss significance > 1
VH MET High 150 GeV < ES® < 250 GeV]| E*=° significance > 9 or Ei'°° > 250 GeV
VH MET Low 80 GeV < EI™S < 150 GeV, EI'*® significance > 8
jet BSM T,jl , e

VH had tight
VH had loose

VBF tight, high p/797

VBF loose, high pr.7/

VBF tight, low pZ4
VBF loose, low pT”

60 GeV < myj < 120GeV |BDTyy > 0.78

60 GeV < mi; < 120GeV] 0.35 < BD Lo

|Anjs| > 2, [nyy
|Anjil > 2, nyy

‘Aﬁ‘jj| > 2, ‘7?77 - 0-5(771'1 + ﬁjz)‘ <5, pg

073

— 0.5(n1 + mj2)| < 5|57 > 25 Gev|
— 0.5(mj1 + m52)| < 5,Jpp?? > 25GeV,

Hii < 25 GeV|

BDTvyvgr > 047
—0.32 < BDTvypr < 047
BDTvgr > 0.87

geH 2J BSM
geH 2J High
gegH 2J Med
ggH 2J Low
geH 1J BSM
geH 1J High
geH 1J Med
ggH 1J Low
geH 0J Fwd
geH 0J Cen

Aniil > 2i nan — 0.5(ni + 1i0)| < 5,|pi77 < 25 Gev ]0.26 < BDTygp < 0.87
> 2 jets, pl.) > 200 GeV

> 2 jets, p%ry €
> 2 jets, pf € [60,120] GeV
skt e e

=1 jet, p.’ > E

— 1 jet, p’p’ € [120,200] GeV
— 1 jet, p € [60,120] GeV

[120,200] GeV

— 1 jet. p7 € [0.60] GeV

= 0 jets, one photon with |n| > 0.95

= 0 jets, two photons with ||

/

< 0.95

Improve mass resolution

(+)
(] FE
VBF (EW ggH incl. VH — ggH)
|
| [eew
P [0,200] A [200, oc]
‘ |
I > 2-jet VBF cu15| | > 2-jet VH cuts k7)| Rest I
=2
[ pr0,25]
(+) =7
pI‘Hﬁ[25’°°]
ggF
I
[ =odet | [ =1 [+ > 271e1 | > 24et V,%Ffugg(,
[==]
] 0,600 | |+ pZ10.60) P[0, 25]
(+) +)
| pf (60,120 | ] p¥ [60, 120] | H"[25 oo]
(+) +)
= pf (120,200 | p¥ [120,200]]
[Esm] [BsV]

L+ p¥ [200,00]

L+ pi [200, 00]

15



Signal In various categories

« Categorization to probe various production modes

« Signal purity
-Per production mode

Moot verl | wH lizH loozH e+ [llbbH | tHg | tHW

ATLAS Simulation

tH lep Ofwd

tH lep 1fwd

ttH lep

ttH had BDT1

ttH had BDT2

ttH had BDT3

ttH had BDT4

tH had 4j1b

tH had 4j2b

VH dilep

VH lep HIGH

VH lep LOW

VH MET HIGH
VH MET LOW

jet BSM

VH had tight

VH had loose
VBF tight, high p
VBF loose, high p;'“
VBF tight, low pt
VBF loose, low p!fi
ggH 2J BSM

ggH 2J HIGH
ggH 2J MED

ggH 2J LOW
ggH 1J BSM

ggH 1J HIGH
ggH 1J MED

ggH 1J LOW
ggH 0J FWD

ggH 0J CEN

H—vyy, m, = 125.09 GeV

0 041
Fraction of Signal Process / Category

02 03 04 05 06 07 08 09 1

STXS Regions

inefficiencies

-per truth bin

ATLAS Simulation H —yy,

STXS

m = 125.09 GeV

bbH

tHW | -

tHq

ttH

gg — Hil (= 1-jet, pY = 150 GeV)

gg — HIl (0-jet, p¢ = 150 GeV)

gg — HIl (p¥ < 150 GeV)

qq — HIl (p! = 250 GeV)

qq — Hil (= 1-jet, 150 < p! <250 GeV)
qq — HIl (0-jet, 150 = p¥ <250 GeV)
qq — HIl (p¥ <150 GeV)

qq — Hiv (p¥ = 250 GeV)

qq — Hiv (= 1-jet, 150 < p¥ < 250 GeV)

qq — Hiv (O-jet, 150 < p! <250 GeV)
qq — Hiv (pV <150 GeV)

qq — Hqq (p! =200 GeV) | *

qq — Haq (rest

qq — Haq (VH)

qq — Hqq (VBF-like, 3-jet)

qq — Haq (VBF-like, 3-jet veto)
ggH (VBF-like, 3-jet)

?_?H (VBF-like, 3-jet veto)

ggH (= 2-jet, p! = 200 GeV)

ggH (= 2-jet, 120 < p¥ <200 GeV) |

ggH (= 2-jet, 60 = p7 <120 GeV)
ggH (= 2-jet, p!! <60 GeV)

ggH (1-jet, pi' = 200 GeV)

ggH (1-jet, 120 < p? <200 GeV)
ggH (1-jet, 60 < p? <120 Ge
ggH (1-jet, p <60

highly correlatéd
Pile-up effects

'IllIII\IIII\II\IIIIFII 0

[=] Sz20ISs: 555 QFSTI=ZT oo NTOTT
|.|.|gg wm%womEaahgﬁ,mgw%wgﬂzgggggéé
OLASTOSESTAzzcc 0 N ITATO I @@L —©
3Z-"25 2225382225882l R @ cEaa
< r“F;N“'Ngm-,_,-:":m:-2m59m>::gggm L0
ITITIIIrTIgEdEST =SS+ TTEEESS IT
[=)) £ I =
m%%%g%%33882§g§> §I>§ S=IILE

278 = BE

LLmLLLL

2>t Category

Region Purity / Category



top
VH
VBF
MggH
Run-2

Run-1

Prod. Modes ;

Results: signal strengths

Inclusive signal strength
po=0.99 £ 0.12 (stat.) Tgue (exp.) Took

—0.05

— eI

— ATLAS

{s=13TeV, 36.1 fb"
— H — yy, m, = 125.09 GeV

—e— Total +—®— Stat.

Total  Stat. Exp. Theo.

+0.6 +0.1 +0.1
Mop = 0.5 _o6 [—o.s -01 -00 ]

8 +02 +0.2 ]
8

VH [ -02 -01
= 20 +0.6 [+0.5 +03 +03 :|
— b—e—H W, = ~05 L-05 -02 -o02
+0.19 [ +0.16 +0.07 +0.07
— e M gH =081 4 [—0.16 ~0.06 -0.05]
, +0.15 [ +0.12 +0.06 +0.07
L gHeN’Lo @] Maune = 0.99 ~0.14 [ 0.12 -0.05 —0.05]
117 *o28 [+023 +0.10 +o12]
— ggH@NNLO  |-@—4 et = -0.26 | -0.23 -0.08 -0.08
11 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | L1 1 1 | 11 1 I 11
0 1 2 3 4 5 6 7
Signal strength

VH

top

(th.)

(Iynl<2.5)

Limits & significance

I | I =224 Expected (ui=0) +10
Expected (u=0) =+ 2 ¢
SM Expected (u=1)
= Observed '

ATLAS
Vs=13TeV, 36.1 b
H — yy, m, = 125.09 GeV

LI L N N L B L B

1
'
H 1 I 1 1 1 1 l 11 1

11 I0-51 1 1

25 3 35
Upper Limits

Measurement | Exp. Zy | Obs. Zy

UVBF 260
LV l4 o
)Utop 18 ¢

|4.90|

0.8 ¢
100

VBF closeto5c 17



Results: cross-sections

« XSxBR « STXS (strong merging)

Vs=13 TeV, 36.1 fb™'
ATLAS H - ' —125.09 GeV ;
T MR ATLAS Ys=13 TeV, 36.1 fb™'
: H— vy, mH=1 25.09 GeV
ggH - -—o—: 1
agH (0 jet) — —
VBF :
ggH (1 jet, p: <60 GeV) — i
VH ggH (1 jet, 60 = p:'-a:: 120 GeV) | — °
ggH (1 jet, 120 = p:{EGO GeV) |— E .
top i
I AR N B E IR R B NN N A R A A ggH (E 2 ]EU — E S
0 0.5 1 1.5 2 25 :
SM prediction Measured o x B normalized to SM E
'E 40_ T T T | T T T | T T T | T T T | T T T | T T T | T T T | _] qq — qu {pj < 200 GEV] [ E -
£ [ amnas & Best fit ! ;
= 35:— Vs=13TeV,36.1 b~ — 68% CL _: :
T E H—=yy,m,= 125;(3’?-?18\1' = 959, CL E H —~H BSM-like) |— ::
T 30— T -+ SM 3 ggn +qq qq (BSM-like) E
m - ST, . i . E
x asf - (other prafiled) | :
5 F ! . VH (leptonic) — = -
= C H *, ] '
° 20 i ' E 5
TS - top [— . :
E .’.‘.‘ ,": E |IIII|IIII|IIIIIIIII|IIII|IIII|II
o= e, T g - icti
OE ......................... - SM prediction -0.5 0 0.5 1 1.5 2 2.5
5__I 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |__ Measured G x B normalized to SM
20 40 60 80 100 120 140 160

Oggn X B(H — vv) [fb]



Results: k-framework

« Boson-fermion « Loops using KV:KW:KZ, K=K ~K, =K,
_ +0.08 +0.18 0.17 +0.14
= 092 Zggr  kr =0.64 Ty Ky, = 0.76 T 11 = 1.16 514
HLL T T[T T T T[T T T T[T T T T[T T I T[T TT T[T T T T[T TT T [TTTT] Eﬂ’- Tt T 7T T T III.I ]
1.8 amLas o Best fit 3 1.8 ATLAS J Best fit
1 E:_ s=13TaV, 361 70" —68% CL I [ Ve=teTev,se Tt —68% CL -

TE H =y my=12500 GeV = 05% CL 3 4 gL iy ma=12500GeV ==95% CL ]
1.4 * SM = C * SM ]
1‘2;_ Ky = Ky = Kz *'*'*“.".‘- _; 1.4 i

= — C ]

- 3 1.2 —]
ﬂ.B:— E - i
0.6 3 1:_ - _:

C 3 L . ", -
0.4 = - T, ]

= 3 o8- Tttt A —
0.2— — C i

G:|||||||||||||||||||||||||||||||||||||||||||: DE_I L 4 L1 [ PN S [N T N T I N O I_

06 07 08 09 1 11 12 13 14 04 0.6 08 1 1.2 1.4
Ky Kg
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Fiducial and differential cross-sections

20



si
N
g

zcidef

; c : reco eff + correction truth-level<reco-level: bin-to-bin migration

Fiducial region

Definition

¢;=0.75+0.03 <«— Diphoton fiducial

(‘“’Pl D& iSOIation) VBF-enhanced

N]epton 2 1
High Effliss
tt H-enhanced

N, >2, pl>035m,, =438 GeV, pr > 0.25m., = 31.3 GeV

Diphoton fiducial, N, > 2 with p]Tet > 25 GeV,
mj; > 400 GeV, |Ay;;| > 2.8, [A¢,, ;5] > 2.6

Diphoton fiducial, N, > 1

Diphoton fiducial, Em > 80 GeV, pl’ > 80 GeV

Diphoton fiducial, (N; >4, Npjets > 1) or (N; > 3, Npjets > 1, Ng > 1)

m,, € [105; 160] GeV

— T
¢+ Data

------ Background

—— Signal + Background
—— Signal

-
@
(=]
o
(=]

——

ATLAS

ys=13TeV, 36.1 b
m,, = 125.09 GeV

16000

Events / GeV

14000

Diphoton fiducial

12000

10000

8000

bl o I8 L b b b b b L |

Events - fitted bkg

m,, [GeV]

BT 120 130 740 150 160

T T TTT |
ATLAS
H-yy, Vs=13TeV, 36.1fb"
-+- Data, tot. unc.

Diphoton fiducial

VBF-enhanced ¥

| 95% C.L.

Nleplon 21

=

' |
High £ & | 95% C.L.

|
ttH-enhanced 95% C.L.
B

Syst. unc.

1

.
¥

my, = 125.09 GeV
NPLO + XH

99—H default MC + XH
Powheg NNLOPS + XH
XH = VBF+VH+ttH+bbH

2x10™ 1

2 3456 10 2030

Ojig

do/dX : an example in next slide

10°
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Higgs kKinematics

5 « pM: -pr<<m,;: non-pert. QCD, soft & collinear corr. as"In>"(m2/q;2)
H resum. cancel divergences
-pr=my,, pr>>m,,: pert. QCD: emission soft gluons & quarks
! NKLO
8 -BSM particles
. |yH| QCD radlatlve correctlon pdf

S faras et il E [arias Aoy rater i
% -¢- Data, tot. unc. Syst unc_ :; -¢- Data, tot. unc. Syst. unc]]
. BE ggoHdefalt MC+ XH ] 2 g B gg—>H default MC + XH
;8: ¢ HRes 2.3+ XH _8'2 - —o— & gg—H SCETIib+MCFM8 + XH 1
& RadISH+NNLOJET + XH S5l XH = VBF+VH+ttH+bbH |

—
<
a

10°2E

==+ XH = VBF+VH+1tH+bbH E

Ratio to default MC + XH

Ratio to default MC + XH

~50 100 150 _ 200 _ 250 _ 300 350
Pl [GeV]

02 04 06 08

.1..

12 14 16 1.8 2



do/dX : overview

T | T T T I T T T T T T T T T T T T T T T I T T T | T
vr | — ATLAS i ATLAS
P —e—
T L H—yy, =13 TeV, 36.1 fb I - H—yy, Vs =13 TeV, 36.1 b
ly yyl | —— B default MC + XH | Pg = . + [ default MC + XH
o — . . XH = VBF + VH + (TH + bbH i XH = VBF + VH + TH + bbH |
ly 1| I LI tei Data Syst. unc. IAyMI , . *, reiData  Syst unc.
2 [ — L
Pr| — p o= )
ijzl I - . _ T I
lcos(6*)! ; -~ prt Y
J'IZ+A¢jj i S | T L
i — | | .
Ay, . . . | Ag| — .
n-IA¢w-ff| | — | i —
my; e . | Tej1 ; -
Njets — . i —
50 GeV . . : 2T¢1 = .
Jets Lo b e I B I N BT s G S E ST R
0.4 0.6 0.8 1 1.2 1.4 1.6 0.4 0.6 0.8 1 1.2 1.4 1.6
Ratio of predicted to observed 1st moment Ratio of predicted to observed 1st moment
(mean / mean,,,) (mean / mean,,,)

+double differential (backup) 23



Tensor structure w/ SI LH

Lepr = Lsm + Z 07 {Z A2 } Z A3 0(7

V|olates L Leading BSM V|olates B- L
(as all odd d)

-odd d suppressed at a level not experimentally accessible to LHC
-d=6 leading BSM, suppressed wrt SM at level (v/A)?

Constraints on parameters < constraints on new particles in BSM
(but connection not obvious)

EFT, SILH basis, BSM dim-6 even operators

Lo = CeO¢ HlcuwOnw H|CHBOHB CP-even
+ Egog + EHWOHW + EHBOHB CP-odd
Interactions — HQQ HWW, HZZ, HZy HZZ, HZy

Probed by ggH VBF+VH VBF+VH

24



Tensor structure w/ SILH

« Anomalous coupling : change rate/kinematics of Higgs events
 For each c; (Wilson coefficient) in a given set

EFT Lagrangian Feynrules Madgraph 5

samples —

* interpolate btw samples: Professor

« llustration: effect of c; on do/dX

dG/dX —

QCD corrections

events Pythia 8 samples
(9gH

VBF (m,=125 GeV)
VH)

a

dx — | dX dx /.. "\dx ). _,

Ss45r T T T T T T T T T T T T T T T T T T T T T T3
n - ATLAS Simulation pp—>H—>yy,{s=13TeV 1
-'9 4 L Impact on gluon fusion Impact on VBF+VH T
o C _ R ]
5 350 Sg=10“4 4 Ty =0.05 =
I " » _Cg=2><10 I‘": CHW=0'1 7
- ! .
3 — : ]
— 1 -1 —
C ! ! ]
2.5 : X | —
— § 1 1 —
r 1 : T 7
2 EUS— S S e menmeessnon R TN SO =
— — 1 ;—:——:—-—.——|___|—|_—'—-—'_:
1.5 : -- v —
C o Lo :_ - ==L _imnl
1?_.. ____________ 1 b= _
0.5—O|p|9| N Y O e
2 5D Y N 2, A 2 A 3 <
PRE R R R GRS RN NN
° kel
1
ng [GeV] Nigis m; [GeV] IAg;l p'T [GeV]



Tensor structure w/ SILH

* Measured do/dX H — vy, \s=13TeV, 36.1 fo", m_=125.09 GeV
=) -+t 1t 1t 1ttt 11t 1t 1 1 1T 1T T T 1T T T T T T T
“,;_,c I~ — — = i -1 + data. — B - ! ! ! ! -
b: . i’;'LAg vy, fs=13TeV, 3611 — Standard Model ZOI 04~ A TLAS —
== --¢,, =005 3 - _ ]
; —C,=2x10" . . Cup =Cpyw 4. ]
= - 0°2 __ EHB = GHW : N8, __
- anh
0 3 o \‘* |
- - : N y ]
i | | 021 N
1 ? ' T - E 68% CL .
- — - 95% CL )
- - -0.4 N * Standard Model |
I I I O I | 1 | [ [ [ L ! l L L l L
THERRERRRLRTCNTL RN -0.2 -0.1 0 0.1 0.2
Pl 1Gev] Ngs M [GeV] A P! 1Gev] EHW
* Results
Coefficient Observed 95% CL limit Expected 95% CL limit
Z, [—0.8,0.1] x 107* U [-4.6,—3.8] x 107%  [-0.4,0.5] x 107* U [-4.9,—4.1] x 10~*
Cg [—1.0,0.9] x 1074 [—1.4,1.3] x 1074
CHW [—5.7,5.1] x 1072 [—5.0,5.0] x 1072
CHW [—0.16,0.16] [—0.14,0.14]
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Tensor structure w/ SILH: ATLAS

H>ZZM>41+H>yy ATLAS | _ATLAS-PHYS-PUB-2017-018
EFT, SILH basis, BSM dim-6 even operators Less = Lsm + 2 ZCZ(-G) ;"

d=6: 6 operators considered for H>yy and H>ZZ" '

e = ¢ A

Operator | Expression HEL coefficient | Vertices
O, (G, G cG = ﬂ;g ¢ Hgg
O, |H|*B,., B"" cA =¥, Hvyy,HZZ
g _
O, Yo |H |[*u; Hup+ h.c. cu = v%é, Htt * Results
OHW q (D”H)T o (DVH) ﬂfi‘/ cHW = mg%V CHW H[’VVV, HZZ Observed HEL constraints with H— ZZ* and H — yy
Oup i(D"H)" (D"H) B, cHB = Wff cup | HZZ | I ATLAS F’Ireliminary
2 -4
Ow i (Hio"DAH) D'We, | oW ="Wey | HWW,HZZ catio] i3 | 15=13TeV, 3611
O i (H1D7H) 07 B,., B="Wey | HZZ L

cA[107] — :
« Connect STXS values to 7 EFT operators cu -f

= [~ I I I I I I [ I I I | : '
n - ‘
2 e G 2000003 cHW = 0.04 ATLAS Preliminary cHW [107] . D
g 1 cA =0.0003 -+=:cHB=0.15 ___ Ys=13 TeV, 36.1 fb! —
& F - cu=025 -~ cWW -cB =0.06 : é = e
= ey I 1 ! i — ! '
= [ R A T s T o
= L i ! ! I ! ! - CWW - cB[10"] o -
@ : i - i i I : '
o ————— T leimi ! 1 : H N
n i 1 i : P i ! . Lo
i i r : i ! | i | i |
: | -2 0 2
1 Parameter value
_ 27
B(H—WI) ggF qqg—Hag qg—Hgg gg—Hgq 9g— Hgg qgg— Hqqg Hiv Hlv Hil HIl 1TH

N R . i . z B
B(H> 4)) pJT3<25 GeV PIT’Z o5 Gey  VHHike rest pl>200 Gev  low Py high pY low pZ high p?



Conclusion

Used data 2015+2016 recorded by ATLAS (36.1 fb-1)

In order to measure :

-Inclusive signal strength p

-Production mode cross-sections s; and signal strength : o;xBR(H=>yy), W
-STXS w/ strong merging scenario : Ggrys

* Interpreted do/dX results in term of EFT (backup)

* No significative deviation from SM expectation

« Looking for more data (2015+2016+2017, then 2018)

28
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Tensor structure w/ SILH: ATLAS In nutshell

H->yy, EFT, SILH basis, BSM dim-6 even operators

Ler = |60 HeH WOH}’V H|CHB 0H~ B CP-even Anomalous coupling :
+ CgOq4|+ CawOnw||+ capOnp| CP-o0dd change rate/kinematics
Interactions —» Hgg HWW, HZZ, HZy  HZZ, HZy of Higgs events
Probed by — ggH VBF+VH VBF+VH
* Simultaneous fit to data w/ 5 do/dX distributions : * Results
§ =1 117171+ 1"1117 1T 1T T T 1T 1T 1T 1T 1T 1T 1T T T 7 H — vy, Vs =13 TeV, 36.1 fb'1, m, = 125.09 GeV
= Fpp—=H—=yy, (s=13TeV, 36.1 " +gatad  Model . 2 — —_——
S — St - .
i ATLAS Tt | F 04l ATLAS :
; —G,=2x10* ; [ Ty =Cuw ]
B . 021 Chp = Chw \ ]
of 4% ]
ER: @/ -
: %j}_ﬁ = 0af .
S . — N i 68% CL 7
B % CL 7
1= — -04 B * S?ti;dard Model |
- - | | | | | | | |
ol |1 L1 || L | '4',: -0.2 -0.1 0 0.1 0.2
PR R R LAY PR R AR AR o i



STXS combination

ATLAS

STXS stage 1, merged
ATLAS-CONF-2017-047

Combination:  H->yy, H>ZZM->4]

+bbH
H . IIIIIIIII I'IIIIII'IIIIIIIIIIIIIIIIII'II
99—>H (0-jet) @ ATLAS Preliminary
_ -1
gg—H (1-jet, p* <60 GeV) Vs=13TeV, 36.1 fb
7 H—yy and H—ZZ*—4l
99—-H m,, = 125.09 GeV, |y |<2.5
(1-jet, 60 < p' < 120 GeV) H
gg—H ! "B /B.
(1-jet, 120 < p" < 200 GeV) [ ' ! b vl Ba
gg—H (= 2-jet, p" < 200 GeV | = Eﬂ
or VBF-like) " — e —
g9-2H = e, ) 2200 GV . o Ratc aoaiied i
+ qq—Hqq (p_ > e
aq—Hqq ( p,T < 200 GeV) l IJ:E:H Measurement  |ef
- Stat. uncertainty D
L | ° | I
g99/qq—>HIlHIv | n ’ Syst. uncertainty |:|
99/qq—>ttH EE% SM prediction [
11 1 | I L1 1 1 1 1 1 1 I 11 1 1 I 11 1 | I 11 1 1 I 11 1 1 I 11

-1 0 1 2 3 4 5 6

o, x B, normalized to SM 31



Tensor structure w/ SILH: ATLAS

H>ZZM>41+H>yy ATLAS | _ATLAS-PHYS-PUB-2017-018
EFT, SILH basis, BSM dim-6 even operators Less = Lsm + 2 ZCZ(-G) ;"

d=6: 6 operators considered for H>yy and H>ZZ" '

e = ¢ A

Operator | Expression HEL coefficient | Vertices
O, (G, G cG = ﬂ;g ¢ Hgg
O, |H|*B,., B"" cA =¥, Hvyy,HZZ
g _
O, Yo |H |[*u; Hup+ h.c. cu = v%é, Htt * Results
OHW q (D”H)T o (DVH) ﬂfi‘/ cHW = mg%V CHW H[’VVV, HZZ Observed HEL constraints with H— ZZ* and H — yy
Oup i(D"H)" (D"H) B, cHB = Wff cup | HZZ | I ATLAS F’Ireliminary
2 -4
Ow i (Hio"DAH) D'We, | oW ="Wey | HWW,HZZ catio] i3 | 15=13TeV, 3611
O i (H1D7H) 07 B,., B="Wey | HZZ L

cA[107] — :
« Connect STXS values to 7 EFT operators cu -f

= [~ I I I I I I [ I I I | : '
n - ‘
2 e G 2000003 cHW = 0.04 ATLAS Preliminary cHW [107] . D
g 1 cA =0.0003 -+=:cHB=0.15 ___ Ys=13 TeV, 36.1 fb! —
& F - cu=025 -~ cWW -cB =0.06 : é = e
= ey I 1 ! i — ! '
= [ R A T s T o
= L i ! ! I ! ! - CWW - cB[10"] o -
@ : i - i i I : '
o ————— T leimi ! 1 : H N
n i 1 i : P i ! . Lo
i i r : i ! | i | i |
: | -2 0 2
1 Parameter value
7 - 32
B(H—yy) ggF qqg—Hag qg—Hgg gg—Hgq 9g— Hgg qgg— Hqqg Hiv Hlv Hil HIl 1TH

N R . i . z B
B(H> 4)) pJT3<25 GeV PIT’Z o5 Gey  VHHike rest pl>200 Gev  low Py high pY low pZ high p?



Introduction

e Search for BSM

direct: precision measurements

#events[

m,=125 GeV

* H->yy channel

(final DV .

Direct

+«— -[1eW Iresonances

e

Final DV
final discriminant variable : m_)

My=7

Search for a resonant system of two high-pt photons above a continuum bkg

#events

signal
\/b.k.g.\

1Y
33



Introduction

« Characterize the Higgs production with the H->yy channel : measure various POls
(Parameters of Interest)

-cross-section : absolute (o) or relative to SM : signal strength (U=(cXBR)/(cXBR)g\)

events _,ﬁx-f”“””"”:::
-per production mode : G;, H;
-in phase space of Higgs topology: ooy -
(Simplified Template Cross-Sections) —7 s SRS - — >
-strengths on ‘scattering amplitude’ : L category

final DV final DV final DV

S

-in fiducial regions: integrated: o4, differential : dog/dX

(no extrapolation to total phase space) N\,
events

events — 1 S

) ——'Q-——— %
- —

,,,,,,,,,,,,,,,,,,,,,,,,,, |

final DV final DV final DV

34
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Context of analysis in the LHC data-taking

« Improved precision wrt previous combination (ATLAS-CMS Run 1)

M(H)= 125 GeV -

IR

o
(¢}
\

\

X2.6 Improved theoretical prediction :

-ggH : NNLO->N3LO
x2.7 -VBF, VH, ttH: add EW corrections

EW)

O
1 (WAL ach N
P —r

LHC HIGGS XS WG 2016

P

T
o]
m

[ T

o(pp — H+X) [pb
o

\

s

xT

Z

=z
()

)

o

O

Z

x

m

2
L \\
X X
A
~Ioow

107"

T T
©
5
=
A WY
c v
=
(.
o
o
o\l '@
E
-(ﬂ}
°
s
Lol
X
AN
(@)

1072

6 7 8 9 10 11 12 13 _14 15
Vs [TeV]
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Interference

W T w v
q
H H H
N w I S q
q
W T w v

Effective
Production Loops Interference scaling factor Resolved scaling factor
o(ggH) v b—t Ky 1.04 - k2 + 0.002 - k2 — 0.038 - K¢y,
o (VBF) - - 0.73 - x5y +0.27 - x5
o(WH) - - K3y
o(qq/qg — ZH) - - K
o(gg — ZH) v Z—t 246 k% +047 17 — 1.94 - kzx,
o) - - @2
o(gb — WtH) - W—t 291 1 + 2,40 - d, — 422 kpew
o(gb — tHq) - Wt 2.63 - k2 4 3.58 - ki, — 521 - Keiow
o(bbH) - - rc%
Partial decay width
%2 - - x%
Ww _ _ K2,
rv v Wt K2 1.59 - iy, +0.07 - k7 — 0.67 - ki
Tt _ _ £2‘L
bb _ _ K2
THH - - K

Total width for BRggy =0

0.58 - i +0.22 - sy + 0.08 - k2+
I'y v - e +0.06 - x7 4 0.026 - k% + 0.029 - kZ+
+0.0023 - k% + 0.0015 - 7

Z+
+ 0.00025 - i +0.00022 - &}
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Status of Higgs prod. modes observation at LHC

M Observation

Decay channel

S | Inclusive/ WH + ZH
M Evidence =l ggH =, o o
O Analysis exists :3> . .
combination A+C: ™ A+C ;i A IZII, c:H
A M : }
H->vy N A:O A:O
O
H%Zy é: -
* . A: O A: O A: 0O
H>ZZO>4 é?g C: O C: O C: O
* : A:M : :
HOWWOSKY | 22 L5 [an Ao
A: 0O .
H—=>bb C:Oboosted | C: [ g
A: 0O
H>Y(1S)y A: L
H->cc A O
H->J/wy A
He(l)y A: O
H%py A: O
H=>1t A+C: M
g
H%IJ.IJ é: O 57
H—>ee c:O




Photon reconstruction

calibration identification Isolation direction

-electronics development L F T
~ calorlmetnc
-cluster : MVA -Fudge Factors i\ A ]
-insitu: Z>ee -cut-based L H R
validation : -MVA = i
JI¥>ee, rad. decays : Z->1ly P 158 E
l%,ﬂ?g{é; ngn:{:nﬁgigizém;' 10 ;:;. e : z?cn:mum ; | ! H
ps| & ['strips Middle Back '°'“;.'“.*:mem:m- ' | H H _:;
lO"i “\F,‘ . E |
=g v —‘& 1045 ! M illllll I -———= == — Tl
10'50: 0.01 0.02 0.03 Oﬂirﬂgvimw?'%ﬂ(tf Dﬁg 01
------- o tracks
data-driven measurement 2
b il N -radiative NS
S =" =l -matrix
3 ooeET T | .Smyirnoy transform
- ATLAS Simulation [i] Initial calibration R )
oosf oy SRR T
E E=8TeV A ] ncluster
0.04— MPV = 124 93 GeV —
r 6= 1.39CeV ] O Z
0.03[- 3
oot E - -balance
0.01 :_ _: ) . ) oy (5] (] (3 ] ] T2 _
| .11 >y rejection measurement MVA
116 118 120 122 124 126 128 130 132 134 - hia/Sher a
o oo pyt p

-0/9, f(pr, m) 38



Selection of photons

» exploits segmentation of electromagnetic calorimeter in order to :

(1) measure direction : MVA .

AgxAN = 0.0245:0.05

{calorimeter pointing
— + some variables}

n=0
Layer 3
N Tooer
R Layer 2
13X, , ///{/////{//r//% y
LAY f/ﬁ X Layer 1
/N —
=
/N owe
/& Sampling 2
/'&
‘SWKEEZ'&gmm}rip W Sampling 1 d)
n

(2) identify photons
(suppress fake photons)

-shower shapes

i - o n
calorimeter tracks

« Search for a resonant system of two high-pt photons above a continuum bkg

#events Signa|
\/b.k.g.\ "

1Y
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- calibration

1
simulation training of Z—}efa-
MC-based — 3l resolution
ely calibration smearing
EM MC-based calibrated
cluster ely energy ely
energy calibration energy
2 I itudinal 5 Z2
dat . . ongitudina e
— “”'fD”T"“" = layer inter- == —-] scale 1
corrections . . _ g
calibration calibration
6 Jiw>ee Z3lly
. . data-driven scale validation
« Calibration MVA : MC-based
Total energy in accordion : E, : : :
/ « Uniformity corrections
EO Eacc

not included in simulation

-non optimal HV

-geometric effect : gravity-induced IMW
-biases from LAr electronic calibration

Shower deptdh

eta cluster

Radius conversion

Ratio convertion pT / ET accordion

Fraction conversion pT carried by highest pT track
« Longitudinal intercalibration
Relative calibration of layers

no in-situ calibration of back

« detector geometry, simulation

Data : E,,, : measure material
40



Secondary objects

o Jets

AntiKt4dEMTopoJets, p+>25 GeV (|n|<2.4), then p>30 GeV _

Kills jets not originating from primary vertex : JVT>0.59, |y|<4.4 ~Prob jet from PV
(JVT : 2D likelihood : corr JVF + ratio {p; trk / p; jet}

B-tagging : MV2c10 tagger, efficiency : 70 % : rejection jets : ¢ : 12 ; light : 380
Data-driven corrections (SFs) : accomodate differences of efficiencies (data vs MC)

« Electrons

p>10 GeV, |n|<2.47, remove crack 1.37<|n|<1.52

Distance wrt PV : |d,/o(d,)|<5, |2,Sin 8]<0.5 mm

-SF applied (J/y, Y)

-ID : Medium LH -Isolation (calorimeter+track)

«  Muons ‘“Topoetcone20<0.02xp; ; Trk : Pt cone 20 : <0.15XE;

p>10 GeV, n|<2.7

Distance wrt PV : |d,/o(d,)|<3, |2,Sin 6]<0.5 mm

medium quality, GradientLoose isolation (comb. eff. 25 GeV ~ 95 %)

« MET (E{™ss in document)

Significance MET : E,Miss / \[(ZE;)

Soft term : “TST’ (Track-based soft-term) : more robust wrt pile-up than CST (calo)



« Shape

-Double-sided Crystall-Ball function .,
- e -
si Mep CHR.i _l'ﬂ'_ r_lﬂllllg Ht:,i o .
f; 5 (myy: Aicn i 0 cB.is OCp - NEB,) = Nc*(laggljl e " e, T Y.
+ i . +
Negi | B ot P2 neei o+
k(lagﬂlil) € B\ e, T %o
2 . L L L L L L
5 10°¢ e ATLAS E
- C Gaussian Distribution .
@ n S X =y §
= B CB M Low |
L
< 10 E_ Ocg Ohigh _§
: Power_lﬁaw :
10 Power Law N(mw) —
- ~(m_.) - =
B Amy :
1—_] 1 L I 1 1 L 1 1 1 I 1 1 1 EK] I 1 1 1 L L 1 I 1 L I_—
520 540 560 580 600 620 640 660 680

Signal modelling

m,, [GeV]
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Signal modelling

Yield signal

ggH VBF WH ZH ttH bbH tHg tHW All
Category e[%] f%] e[%] f[%] el%]  fl%] e[%] f[%] e[%] F[%] e[%] f%] e[%] f%] e[%] f1%] Ng
ggH 0J Cen 8.9 97.3 1.2 1.1 1.4 0.4 1.9 0.4 nil nil 8.2 0.9 nil nil nil nil 333.5
ggH 0J Fwd 15.5 97.0 2.4 1.2 3.0 0.5 3.7 0.4 nil nil 14.7 0.9 0.2 nil 0.1 nil 579.5
ggH 1J Low 7.2 90.5 5.7 5.7 5.0 1.7 4.4 1.0 0.1 nil 9.1 1.1 0.5 nil 0.2 nil 289.9
ggH 1J Med 3.6 83.5 G.4 11.7 4.2 2.6 4.1 1.6 0.1 nil 1.9 0.4 0.6 nil 0.3 nil 156.2
ggH 1J High 0.7 76.0 1.9 17.5 1.1 3.4 1.4 2.7 0.1 0.1 0.3 0.3 0.2 nil 0.1 nil 31.5
ggH 1J BSM nil 72.4 0.1 16.9 0.1 6.0 0.2 4.2 nil 0.3 nil nil nil 0.1 nil nil 2.2
ggH 2J Low 1.8 79.1 2.7 9.6 3.7 4.5 4.1 3.1 2.2 1.1 5.4 2.3 3.9 0.3 1.9 nil 81.1
ggH 2J Med 1.5 77.6 3.1 12.2 3.2 4.4 3.8 3.2 2.6 1.5 1.6 0.7 4.5 0.4 2.4 nil 72.4
ggH 2J High 0.6 75.8 1.3 12.8 1.4 4.9 1.9 4.0 1.4 2.0 0.1 0.1 2.2 0.4 1.6 0.1 29.2
ggH 2J BSM 0.2 76.2 0.3 10.3 0.4 4.9 0.6 4.6 0.6 3.0 0.1 0.2 0.8 0.6 1.3 0.2 7.6
VBF Hjj Low loose 0.2 32.3 4.5 66.7 0.1 0.3 0.1 0.3 nil nil 0.1 0.2 0.3 0.1 nil nil 19.4
VBF Hjj Low tight nil 12.9 4.2 86.7 nil 0.1 nil 0.1 nil nil nil nil 0.3 0.1 nil nil 13.8
VBF Hjj High loose 0.3 69.9 1.4 23.8 0.4 2.2 0.5 1.8 0.4 0.9 0.4 0.7 1.8 0.6 0.5 nil 16.5
VBF Hjj High tight 0.3 47.0 3.4 48.2 0.2 1.2 0.4 1.3 0.4 0.8 0.2 0.3 4.4 1.2 0.6 nil 20.2
VHhad loose 0.3 67.2 0.3 4.9 2.4 14.6 2.9 11.0 0.6 1.6 0.2 0.4 0.8 0.3 0.8 0.1 16.5
VHhad tight 0.2 52.4 0.1 3.4 3.0 23.8 3.5 18.0 0.6 1.9 nil 0.1 0.5 0.2 1.0 0.1 12.3
jet BSM 0.4 59.9 2.4 25.8 1.6 5.9 1.9 4.4 2.0 3.0 0.1 0.1 3.1 0.6 5.1 0.2 26.7
VHMET Low nil 11.9 nil 0.4 0.1 23.4 0.6 63.2 nil 0.5 nil 0.3 nil 0.2 nil nil 0.6
VHMET High nil 1.3 nil 0.1 0.3 22.8 1.4 66.2 0.3 8.3 nil nil 0.1 0.6 0.8 0.7 1.3
VHlep Low nil 11.4 nil 1.1 4.4 G68.0 0.8 8.1 1.3 8.5 0.2 0.9 1.8 1.6 2.2 0.4 6.4
VHlep High nil 0.2 nil nil 1.2 76.5 0.1 4.6 0.6 16.2 nil nil 0.3 1.2 1.6 1.3 1.5
VHdilep nil nil nil nil nil nil 1.4 95.8 0.1 4.0 nil nil nil nil 0.1 0.2 0.9
tHhad 4;2b nil 23.8 nil 2.8 nil 1.6 0.1 13.5 0.6 39.0 0.1 8.2 1.2 10.5 0.3 0.6 0.6
tHhad 4;1b nil 35.4 nil 4.0 0.1 4.3 0.3 7.9 2.2 36.3 0.2 2.2 3.8 8.5 2.6 1.3 2.5
ttHhadBDT4 nil 7.0 nil 0.8 nil 1.4 0.2 4.5 4.8 79.4 nil 0.3 1.9 4.3 4.7 2.4 2.5
ttHhadBDT3 nil 3.5 nil 0.5 nil 1.0 nil 3.1 1.3 86.1 nil 0.5 0.3 3.1 1.1 2.2 0.6
ttHhadBDT?2 nil 3.6 nil 0.3 nil 0.8 nil 1.6 3.8 89.3 nil 0.2 0.6 1.8 3.4 2.4 1.8
ttHhadBDT1 nil 1.2 nil 0.1 nil 0.1 nil 0.7 3.4 95.0 nil 0.1 0.2 0.7 2.5 2.1 1.4
ttHlep nil nil nil nil nil 0.2 nil 0.1 5.6 96.0 nil 0.1 0.4 1.0 5.0 2.6 2.4
tHlep 1fwd nil 1.8 nil 0.2 nil 1.4 nil 0.9 2.1 79.4 nil 0.2 2.6 13.5 2.3 2.6 1.1
tHlep Ofwd nil 4.1 nil 0.2 0.1 5.6 nil 2.8 1.9 75.7 nil 0.9 1.5 8.2 2.1 2.5 1.0
Total e [%] 41.8 - 41.3 - 37.6 - 40.5 - 39.1 42.8 - 38.9 - 44.5 - 41.8
Events 1518.4 119.1 37.1 25.2 16.0 14.8 2.2 0.5 1733.2
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~ Measuring background for H(yy) analysis

Components of background : yy, vj, Jj Isol. non isol.

. A—p * leading y candidate
A—% C method (highest p-)

signal region : O(y)

loose

tight

control region : O(j) loose

sub-leading vy
tight
non isol.

Connection of each region with bkg processes

‘ool ATLAS
B +1.8 0)
- 78.7 18, %

80 el Te e e e et 0

——
Vs=13TeV, 36.1 fb' ]

Fraction [%]

C Cvy .
60— =) =
- &= -
40 ¢ Stat. Unc. _

186 +4.2 16 % @ Tot. Unc.

20

O_

110 120 130 140 150 160
m,, [GeV]

Drell-Yan (<1 % of bkg) : neglected: inside other components “



~ 1D-ABCDmethod

1) Introduction : let’s consider the case with one photon only

Quality y . . .
a) simplified case : no signal leakage
5 A—N|B A
3 kag —N X M
% Mk MB MB
[ Background Background
5 T /@;ca _
—— b) w/ signal leakage (c;=0O(5 %))
Signal + Background Background
5 NA NB B
= > ‘“f 4 _ 9 \ A
Ie.’;\kag:;e.tc1 N A: ( \ Jr:;' — v\* "1.1'1"r
bkg 1+ ¥sig, MB — r\ A
Calo Isolated Calo Non Isolated Calo Isolation i ‘11.!:’;
A B i A B A
c) phase space of M, M® may differ from N%, N* R N ME,
—>introduce a correction factor : ‘pseudo-correlation factor’ NE M2,
A _ -_-1 ATA B <1.15
N A: \ _!:;' \_— 1 “.l':r f--‘.?_'.\ ' _'.\ I.-.lk,!-—_’; ‘l.l':rhkg ( )
bkg (+ — C1d ng\) MB — N 4 1 NB AfA
€34 sig * "bkg bkg
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~ 2D-ABCDmethod

Quality v

(L-T)

1

Tight

15t v candidate
®
R
N
R
MA s MB
Background Background
R
\\/@;ca
I.c.-atksu_:gna-t:2 .
R
Signal + Background § Background
NA NE
[ o
\ Ieakac_:jnan::1
™~

enriched yy region (and jet y)

Calo Isolated (1)

Calo Non Isolated (1) Calo Isolatio

control region (bk gap region : not
J ( g) considered

for the nominal
measurement

enriched y+X region (yy+vj)

NAgq - #signal in NA

J ausity 1, 2Ny candidate (15¢: T & 1)

//

control region (bkg)

& -

N Ay : #signal in N'A

\
o Background s /v Background
‘-‘:’ T \\/ eakage c’ s
. leakage c' ) \
o Signal + Background s ‘ Background
E A B
) N RN N
. >
s leakage c’ .

Calo Isolated (2) Calo Non Isolated (2) Calo Isolatiory




Background modelling : method

- Bkg model : choice of functional forms for m,

3000

Events

bkg
bkg + positiv:
bkg + positiv

 Fit a background-only dataset with model bkg+signal
Residual fitted signal: spurious signal (ngy)

-ng,>0 : harder to discover 2000
-Ng,<0 : harder to exclude
Limit on significance (Z) that could never exceeded

2500

e Spurious
e Spurious
bkg+ negative spurious
bkg + negative spurious

(is ny,=0)

negative spurious signal
harder to exclude

1500

S N S
2 T ; 1000~ Lol bbb b b by
B + nspurious \-\’-/ SPUrious 1(1!‘5I I ‘II{15II ‘ I110 115 120 125 130 135 140 145 150
Spurious signal taken as positive (absolute value) : no correction: systematics DV

 Test various bkg functional forms (small variant for low stat MC)
Choose one w/ smallest dof among those respecting criteria on |ng|

<20 % expected stat. uncertainty on signal

—>100 #dofs<bkg model catches all stat. fluctuations: no discovery

<10 % expected signal yield
Spurious signal : max of fitted signal w/ signal model in 121-129 GeV
 Test chosen functions on data w/ fit on sidebands (exclude 121-129 GeV) w/ extra dof

of same family: computes compatibility y? (F-test). Reject simpler model if p(y2)<B %



Background modelling

Functional forms for m,, derived from MCs (or data CRs : ttH categories)

vy, Vyy . simulation
normalization :

-Vyy : oy,

Fit representing bkg dataset w/ S+B model : residual fake signal:
->considered as estimate of bias on bkg model

e Choice of function form :

Fraction

minimize bias among those respecting criteria of selection
« Selection criteria : relaxed spurious signal:

05

§ 0.4 — Ns/Nsexp with 2Amc error band
3: 03] — C/Nsep &(my,) =
< 02
0.1 A £\
° MI’ v W
Pl I V7
-0.2
-0.3]
04
0P 120 130 140 150 160
My [GeV]

AND

Ns+2&Mc, N5+2.Ayc<0
Ns—zAMc', NS—ZAMc>0
0, otherwise

100

80

cnLIrINLIS
T UITTT UV

tanal
I

;v], J] - data CR w/ 1 or 2 photons failing ID or isolation
-rel. contrib from data-driven method (2xABCD method : ID, isol)

- ATLAS

5_78:7 *18

[od Fal
orygria L
Vs=13TeV, 36.1 fb!_]

0
, %

.wo‘c‘c

Cdvy
E=1v)

&

¢ Stat. Unc. _
@ Tot. Unc. 7

OR{ (<20 % of bkg uncertainty(my)

£< 10 % of expected signal yield(m,,) }

p-value (¢?) >5 %, from toys
null-hyp : current model ; model same family w/ one higher dof

If fails : choose model w/ one higher dof
 Spurious signal : maximum fitted signal yield w/ m, in [121 ; 129 GeV]

48
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Background modelling : method

F-test
X12'X22
_ P1-P2 f o
Fy o= 5 : :
X2 po=| Fischer cumulative
n-p, F1,2
n : # bins data

F{0,95)

p; : #dof in bkg model |
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System

Signal and background modelling (shape)
« Signal
-PES, PER

using new egamma recommendation
PES : shift peak position by 0.21-0.36 %
PER : change width by 6-13 %

atics

[llustrative purpose only

3 E ATLASIntemal
%500 — Simulation
£

%D 121 122 123

-ATLAS-CMS my, : syst=240 MeV <>0.19 %

« Background : spurious signal

EG_SCALE_ALL

up down
mean 0.44 % 0.44 %
sigma 2.30 % 0.31 %

S

TN
124 125 126 127 128 129 130
m, [GeV]

& E  ATLAS Internal EG_RESOLUTION_ALL
S0 o -
g E Simulation

s F
gasno:
§Booo |-
- sive
2500  All processes
2000
1500
1000F

500

50

[ | I | | | | [
?‘U 121 122 123 124 125 126 127 128 129
m, (G




Systematics

Experimental efficiencies, acceptance, resolution effects on yield of signal

-Lumi: 3.2 %

-Pile-up —

-Trigger : 0.4 %

Photon ID eff

Photon track isolation Vary parameters by measured
B-tagging efficiency uncertainty

-Electron, muon reco, id. isol. and inject in signal selection

-eff jVT —>derive changes in signal yields

Migrations among

-Reco categories

-truth bins

due to calibration systematics :
Photon, jets, leptons

o1



Systematics

Theoretical systematics on signal yields oo et @R ey B

geF (+3.9)

* Perturbative QCD : change scales iy s
correlate WH and ZH —— - T i
ggH : f(p+, #jets) ’ E E: T
higher for high #jet and high p+ ] i 3
9 uncertainty sources: 4 on #jets (QCD saloPDF 0,

3 on p;- s

2 on VBF category :

normalization H+2j, H+>3j, cut Ag,, j;

* BR

(PU=Parametrised Uncertainty) (17 (THU) “$31(PUGn ) S8 (PU@) % 8K =ABK+ JARUG, 2 + AP,
2.90
2 " 08 %

* Pdfs, a, : PDF4LHC15 recommendation
Set : PDF4LHC nlo 30 as

« ttH : 100 % uncertainty
« UE+PS Cmp data-simulation in ttbb, Wb production
Change from Pythia8 vs Herwig7 52
ggH, VBF, ttH


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageBR

Systematics

Merging truth bins (QCD systematics)
Takes into account change in the systematics

PES : shift peak position between 0.21 % and 0.36 %
PER : change width between 6 and 13 %
Uncertainty on Higgs mass : 0.24 GeV (LHC ATLAS-CMS)
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https://indico.cern.ch/event/628199/contributions/2565745/attachments/1453458/2242192/HComb_merge_STXS_bins.pdf

Systematics on fldumal Cross-sections

Nslg

S
|

Cidef

fld
I

b 0.8
g0.6

?

T T T T | T T L [ T T T T I T T T T | T T T T T T T T T T T T

H —yy, Vs =13 TeV, 36.1 fb", m, —12509caev
ATLAS

Stat uncertainty dominant

v

(same principle for do;,/dX)

ﬁ

Luminosity {11 @ Correction factor
@ Signal extraction [___] @ Statistical Uncertainty

b

7750 100 150 200 250 300 350
P’ [GeV]

-0.02

-0.04

-0.06

0.06~H — 1y, Vs =13 TeV, 36.1 fb”, m_ = 125.09 GeV
- ATLAS

T T T TTTTJT
| I |

...........

I Theoretical modelling — @ Pileup modelling

I @ Photon energy scale 7111173 i @ Photon identification
] @ Others

1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ‘ 1 1 1 1 I 1 1 1

[
O

E‘n‘)_|||\|||
o

50 100 150 200 250 300
pI7 [GeV]



Statistics model

* Likelihood function

~ t N n t - b ~
L 0) = = WS XN T S BV LB+ -2 (DV).0)

nl 250 s40b s+ b
1=
«  Systematics e )
Gaussian ~ Xp(1 + 040;) o
5 +penalty function .-
Log Normal X exp(1/In(1 + o70;) o
Migration systematics : e ognerma
NA=NAM(1+640) | N, o,-Ngog=0
Ng=Ng>¥(1+og0)
»  Test statistics g, = —2InAp) 0<p=up, A(p) = L(p,0(1))
! —2Inl=0 a>up L(3,0(n))
B syst.Ay*ieId. syst. bkg_
. - o o - Pt
L(p;0) = H [L o BReL H Ki(Or) + napbep | Plfg (0) + nopg Plfprg ¢ X Plfestr(6)
c | nff;f k€lsig | 55




Cross-sections

Integrated (over X) to a phase space | differential
(=fiducial volume/region)

Integrated over fiducial & decay | Total: 6, © do, /dX @
Fiducial (in a decay channel) G =)dog/dX @ doj/dX @
‘(integrated) fiducial cross-section’
STXS (in a decay channel) Jdo;,/dX over phase space ©
of Higgs topology
‘STXS cross-section’

[Double differential: d’c/(dX dY)]
Integrated fiducial cross-section: o

Fiducial region:
-closely mimic detector-level selection to reduce model-dependence
-corrections to correct residual changes (‘unfolding’)
-enriched in a production mode

O =Ngigf (L BR a €)=cy/(BR o)

o . fiducial acceptance

C . correction to truth-level: detector effects :

reco eff + bin-to-bin migration 56



Cross-sections (flashed)

@ H2>yy+H>ZZ"->4l,

PRL 115, 091801 (2015)

o F _
D & [ ATLAS is-8Tev, 203’  PP2H my=1254CeV
b"" %50.‘1}. Hoyy & HozZ'—al X Ggge+Gypy Oy =3.0%0.1pb
& [ % comb. data syst. unc. XH = VBF + VH + ttH + bbH
b 45F QCD scale uncertainty
F m Total uncertainty (scale @ PDF-+o.,)
40
35F 3
30F
-
: —_—
x
201 =
; [ NNLO+NNLL . NLO
° Data LHC-XS ADDFGHLM

@ H>yy+H>ZZ">4l,

PRL 115, 091801 (2015)

ATLAS ppaH

-4- data, tot. unc. syst. unc.

1 0°F
* STWZ + XH
* BLPTW + XH

Is=8TeV, 20.3 1"
anti-k, A =0.4, pi' > 30 GeV

—f—
"I ——

o0

S
RN RN

| ——
+ H NNLDPS+F'YS+ XH

# MG5 aMC@NLO+PY8 + XH
M SHERPA 2.1.1+ XH

=+ XH = VBF + VH + ttH + bbH

Ratio to NNLOPS
n
I i
|

Diphoton fiducial

VBF-enhanced

N >1

lepton =

High £T*

tH-enhanced

@ H->yy, CERN-EP-2017-288

| ATLAS
H-yy, Vs=13TeV, 36.1 fb" #
—4- Data, tot. unc. Syst. unc.
i
v
]
;|
i

m,, = 125.09 GeV

B NLo+XxH
I g99—H default MC + XH
u B Powheg NNLOPS + XH
o ‘ 05% G.L B XH = VBF+VH+ttH+bbH
- |
o8t .. G
2x107 1 2 3456 10 2030 10°
Ogy (o]

o Hew, CERN-EP-2017-288

S’

S

X £

D ¥

S &

~-|—'C’1
©
g o]

1072

Ratio to default MC + XH

A
T

T
ATLAS

—

T

H—Wy r 13 TeV 36 1 fb‘

-4 Data, tot. unc. | Syst. unc.

E= gg—H default MC + XH
0 HRes 2.3+ XH

B RaoisHANNLOJET + XH
=t XH = VBF+VH+ttH+bbH

100

300 350
Py’ [GeV]

150 200 250

O H->yy, CERN-EP-2017-288

ggH (0 jet)

ggH (1 jet, p}f < 60 GeV)

ggH (1 jet, 60 = p;' <120 GeV)
ggH (1 jet, 120 = p;' <200 GeV)
ggH (= 2 jet)

gq — Hagq (p‘T <200 GeV)

ggH + gg — Haq (BSM-like)
VH (leptonic)

top

SM prediction

ATLAS

Vs=13 TeV, 36.1 fb'

H— vy, mH=‘| 25.09 GeV
— —— i
L — .

‘|\|\|\|\\|\|\|L|\|\|\|\|‘|||||||

-0.5

0

0.5 1 15 2 25

Measured o x B normalized to SM

JdogldX

S




Particle-level

Reco-level

Objects Definition

Photons 77| < 1.37 or 1.52 < || < 2.37, -_u";"‘ﬂ'zl.fp:'r < (.05
Jets anti-ky, R = 0.4, pr > 30GeV, |y| <44
Leptons, £ eor u, pr=>15GeV, |n| < 247 for e (excluding 1.37 < |n| < 1.52) and || < 2.7 for p

photons, |n|<2.37, exclude crack 1.37<|n|<1.52
Er/m, >0.35, 0.25, tight ID, isolated(calorimeter+track)

Calo : Topo E; cone 20 <0.065xE+ (‘FixedCutLoose’)
Trk : Pt cone 20 : <0.05XE

Jets, AntiKt4dEMTopoJets, p>25 GeV (|n|<2.4), then p;>30 GeV
Kills jets not originating from primary vertex : JVT>0.59, |y|<4.4
(JVT : 2D likelihood : corr JVF + ratio {p trk / p; jet}

B-tagging : MV2c10 tagger, efficiency : 70 %; rej. jets : ¢: 12; light : 380

Electrons, p>10 GeV, n|<2.47, remove crack 1.37<|n|<1.52

Distance wrt PV : |d,/c(d,)[<5, |z,Sin 6]<0.5 mm

-SF applied (J/y, Y), ID : Medium LH, Isolation (calorimeter+track)
‘Topoetcone20<0.02xp; ; Trk : Pt cone 20 : <0.15xE;

Muons, p>10 GeV, [n|<2.7
Distance wrt PV : |d,/o(d,)[<3, |z,Sin 6]<0.5 mm
medium quality, GradientLoose isolation (comb. eff. 25 GeV ~ 95 %)
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Fiducial region Definition

¢;=0.75+0.03 <— Diphoton fiducial N, >2, pt > 0.35m.,, =43.8 GeV, pr’ > 0.25m,, =31.3 GeV

(~PID & isolation) VBF-enhanced Diphoton fiducial, N, > 2 with pi* > 25 GeV,

Niepton = 1 Diphoton fiducial, N, > 1
High Emiss Diphoton fiducial, EF*s > 80 GeV, pl’ > 80 GeV
tt H-enhanced Diphoton fiducial, (N; >4, Nijets > 1) or (N; > 3, Npjets > 1, Ng > 1)

m,, € [105 ; 160] GeV

Very close expected composition at truth and reco level

[ggH [ veF wH [z EBoszd BBt [ boH tHib tHW [ggH [ veF wH [z EBoszd BBt [ boH tHib tHW
ATLAS Simulation H-yy, m =12509 GeV ATLAS Simulation H-yy, m =12509 GeV

Diphoton fiducial Diphoton fiducial

VBF-enhanced VBF-enhanced

N 1 N 1

lepton = lepton =

High ET*° High ET*°

ttH-enhanced ttH-enhanced

0O 01 02 03 04 05 06 07 08 09 1 0O 01 02 03 04 05 06 07 08 09 1

Fraction of Signal Process / Fiducial Region (particle level) Fraction of Signal Process / Fiducial Region (after reconstruction)



18000

16000

Events / GeV

14000

12000

10000

8000

6000

Events - fitted bkg

Flduc:|al cross -sections: results

¢

Data

------ Background
—— Signal + Background
—— Signal

A TLAS

Vs =13 TeV, 36.1 b
m,, = 125.09 GeV

Diphoton fiducial

»

Diphoton fiducial

|

VBF-enhanced

Nleplon 21

High £

ttH-enhanced

| ATLAS

H-yy, ¥s=13TeV, 36.1 fb"
—4- Data, tot. unc.

Syst. unc.

| 95% C.L.

I 95% C.L.

IlIIIlI 1 1

‘ 95% C.L.

m,, = 125.09 GeV

N°LO + XH
gg—H default MC + XH
Powheg NNLOPS + XH

XH = VBF+VH+ttH+bbH

1 11 1 1 11

2x10™

1 2 3 456

10

20 30

107

Oyq [f0]

160

950
m,, [GeV]

To merge with page 17 top ?

Differential cross-sections results: an example in next slide 00



Jets multiplicities and kinematics

Motivation: theory modelling, contributions production modes
N:. : ggH : =0, 1 jet ; VBF, WH, ZH: >2-jets ; ttH: >2-jets, high for BSM scenarios

jets -

* pPh P2 lypl, Hy (scalar 2 py)

— L L B B B B L B B L
ﬁ 10°E ATLAS B gg—HdefautMC + xH ] Powheg NNLOPS + XH_: %‘ 0.8 ATLAS ' |. gg_)H| o M(l) T
0-3—2 E ¢ Data, tot. unc. Syst. unc. E Eztg :J \)/(I’E"+ » ngi’:’(“iz:;?o’; f’)”(H 3 g [ Hoy7, (8= 13 TeV, 36.1 10" & gg—sH Sherpa (vessanio) + XH]
i :1:11/ y’,}l, fo_.41,::)T§\:/3’0 3(;66\1/ fo @ STWZ,BLPTW+XH [ MG5aMC@NLO + XH ] . |+ Data, tot. unc. [ Syst. YN8l gg—H GoSam:Sherpa + XH ]
f T Bl NNLOJET + XH S0 XH = VBF+VH+itH+bbH 3 0.6 ==t XH = VBF+VH-+ttH+bbH
102k - \b_g Antik,R=04,p >30GeV |
©

- v. me.:--n‘ﬂivu ‘ E 0.4
ey | i
o UL e : - : | :
F i . E;l;j;i-é 0.2r IllllllLI . i

o 20 40 60 80 100 120

0 =0 l =1 l =2 =0 =1 I =2 I =3 .
Py [Gev]

exclusive Inclusive

Ratio to default MC + XH
— I\)
—
8
|
o
<1
G
1
Ratio to default MC + XH
:
]
_—
[
=
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VBFE (\VVector Boson fusion

VBF : separation wrt ggH
q 4 t-channel EW exchange (W, 2):

) 7 o color-flow: well-separated jets,

low hadronic activity btw two
fwd/bkw jets
q q 2lAy>>1, |Ad,, jl~n (=7CIV?)

il ™

* |Ay;l : VBF well separated
* |Ad,, ;1 - VBF peaks more at n

Tagging jets
Nj1XN;p<0, Ang; . jn>thr, m>thr
Centrality: photons btw tagging jets
CJV: Veto jets btw 2 tagging jets

Hayy Vs= 13TeV 361fb‘
- Data, tot. unc. Syst. unc.

)]

.gg—>H default MC + XH -4- Data, tot. unc. Syst. unc.

A gg—H Sherpa (versenio) + XH

doy, / diAy | [fb]
do,,/ diAg| [fo]

[ gg—H GoSam+Sherpa + XH
== XH = VBF+VH+itH+bbH 10
Anti k, R =04, p_>30 GeV

ATLAS . ggaH deiault MC + XH 1
10PLH—77, V5 =13 TeV, 36.1 b [] gg—»H Sherpa (uersanio) + X,
- gg—H GoSam+Sherpa + XH ]

* XH = VBF+VH+ItH+bbH
Antik, R =04, p_>30GeV

...........................................

Ratio to default MC + XH
L

—
=

Ratio to default MC + XH
—11

A
1 |
R R < S E——————
)
USRI N U [ S T S T [N T T T W NN T S TN S [N SN TN SO T (MU T S |
-------------------------------
N —
0 05 1 15 2 25 3

T-Ag(yy.iil

1o/ dmy [fb/GeV]

do,
P
]
nN
S

Ratio to default MC + XH _,

3
o b

—_

o

n

—
ATLAS

H—>y7r vl_ 13 TeV 36 1 fb
-+ Data, tot. unc. | Syst. unc
B g9 H default MC + XH

A gg—H Sherpa (merse@nio) + XH
- 99-+H GoSam+Sherpa + XH |
=1 XH = VBF+VH+itH+bbH
Antik, R =04, P> 30 GeV

1 L 1 1 1
400 600 800 1000 1200 1400
m; [GeV]



Spin-CP variables: J°¢

* |cos 67 : polar angle: spin (J) * A : azimutal angle: quantum number CP

=451 10°
S C — ¥
[a6 de3 der /[ a6 deis deosh der S mewer (QgH) =S
‘.' o E LT CP-mixed
hep-ph/130f}; 654 e T VBF: ~flat,
: . -
e 28,20 slight increase at
1 s
i — 2, “F | +7
I}l‘.‘-ll T --.*- T 207 B
‘\ \\ j’f mmEm [I_'t =
* . " :
\‘\"\._ '_,:; 151
T S - cosd 10; hep ph/0703202
0.5 1.0 450100 100 150@
ll
g 200 _ATL;IQS I I IH—>y7f Vs= I 13 TeV 36 1] g 8_ATLAS I I . gg—»H default MC + XH ‘_
= - Data, tot. unc. | Syst. unc <= H—yy, Vs =13TeV, 36.1 fb™ |4 gg—H Sherpa (mersenio) + XH-
> 1 3 4 Data, tot. unc. | Syst. unc. 4
2 . gg—H default MC + XH ~ gg—H GoSam+Sherpa + XH ]
5 150 J 99—H SCETIib+MCFMS + XH— - f50 XH = VBF+VH+lH+bbH
;g | XH = VBF+VH+ttH+bbH | Anti k, A =0.4, p; > 30 GeV
©

100 scalar: strong drop (fiducial) . j
= SpINn 2: enhancement +

T | ﬁ; “r -aq—_ﬂ%l_ . 1

-------------------------
..........................
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*  pr, Category used historically for fermiophobic analysis
drawback : turn-on effect on invariant mass =

* new variable : py, : transverse projection of pr,, on thrust axis

Tt

VY
P ng

p-?-lz pr = L L B
T thrust axis H—yy,Vs=13TeV, 36.1 0" ]
-------------------------------------------------------------- g -¢- Data, tot. unc. = Syst. unc. -
o PRN: B gg>H default MC + XH 7
‘\% 4 o HRes 2.3+ XH ]
& <1 XH = VBF+VH-+ttH+bbH
©
107"
P - transverse component
on thrust axis (y;-v,)
1072k
=
+
O
=
3
3
o
° 64
©
o

Y
P [GeV]



Correlations

Statistics correlations of Higgs cross-sections
pp — H—yy, {s=13TeV, 36.1 " ATLAS

Diagonal matrix ... 100

o
p_': 75-120 ‘o\~
55-75 90
[GeV]
30-55 S c
exton 80 ©
[Agyl 3273 : =
i 0-1t/3 1 m
(SN 70 =5
500-1500 ] ()]
Mi 470500 0, =
= 1
[GeV] o170 R 60 O
=3 ' (&
N =2 : 50
jets =1 N H o
1 1
=0 9. 0 030 0 0310 0 030 0 0 0 40 =
220-350 o 2 6 1!5 8 6'1 9 3'0 0o 1 325 (7))
170-220 0,0 4 6 14,6 & 11,12 8 4,0 1 4 30 —
120-170 0 0)1 9 16 19,14 16 9,22 14 9,2 4 20 33 —30 _lg
v 80120 0 0,1 22 25 18,23 20 10,20 18 17,8 1o 38 18 @)
P. ' '
T 6080 0 014 3 19 11116 15 7110 13 15119 24 23 s | — 20
[GeV] 4560 0 0o o E M 81 15 8113 11 4 E 6 9 14 :29 18 10 4
30-45 0o o o 0127 2 13 7112 8 3:!3 5 i@ 16 3| 110
20-30 0o 0 o 0O 0138 16 9 418 & 212 3 10119 6 4 2
0-20 000 0|0-12|6|3|6]3|2|1[1|?|15|3|3|1 _0#'et_1<:> iven i1
R T - A T T J - g p
LI T Y N T N T T N S
°c 3 v 3 Y 2 2 ° %
i1
p)" [Gev] Nigs  m; [GeV] A gyl p; (Gev]

« Correlations >0: change of #events in a bin of given observable

- Decrease in other bins of same observable : exactly null correlation (mutually exclusive bins)
- change of #events in other observables in same direction: positive correlation

(if shape of distribution of observable would have been measured, there would be a global
normalisation, then there would be negative correlations for various bins of a given obseérvable)



Double differen

- F T T T T T T E
o [ ATLAS B gg—+H default MC + XH i
EH— = -1 -
T 10gH-—yy f5=13TeV, 3611 E 4 XH = VBF+VH+ttH+bbH E
) E —¢- Data, tot. unc. Syst. unc. 3
5 L ]
© 1 i
) . -
107 F == 3
E —t 3
L :'" e T ]
102L o] bessad St ]
T ' E
10° - , ,
T 4
+ —
o 2 . —_ e
=z T - M
= 1 L L L L L 1 1 L L L L
§ 0'75 ?5'\?0 30'75 ?5‘35-0 0‘40 40‘60 30'700 100.3500‘700 ’00.900200.3500‘2{)0 200.350
3 p" [GeV]
9 T
)
o — — —
i Nigs =0 Nigs =1 Nis =2 Nis =3
- [ T T T T T
s 10 LATLAS E= gg—H default MC + XH
E _ -1 E
2 E Hoyy, fs=13TeV, 36.1 1o E = XH = VBF+VH+ttH+bbH E
k=) [ —¢- Data, tot. unc. Syst. unc. ]
s i ]
©

107 E
: —— 3
10_2 ;_---------n-- . " E"""""“.. & ;
10% : : . : :
= ——
. |

Ratio to default MC + XH

]

0-30 30-120

0.0 <lcos(68") <0.5

120-350 0-30 30-120 120-350
Py [GeV]

0.5=lcos(8") <1.0
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Production modes categorization

WggH ver wH lizH ogzH tH [llobH | tHg | tHW

di-photon selection

l-

34 #
tH + ttH - leptonic

!

6:#j, #tb
tH + ttH - hadronic

’ e —

Di-lepton
Z(— I)H

=1

ATLAS Simulation H -y, m_ = 125.09 GeV

tH lep Ofwd

1H lep 1fwd

tH lep

ttH had BDT1

ttH had BDT2

ttH had BDT3

ttH had BDT4

tH had 4j1b

tH had 4j2b

VH dilep

VH lep HIGH

VH lep LOW

VH MET HIGH
VH MET LOW

jet BSM

VH had tight

VH had loose
VBF tight, high p¥
VBF loose, high p!¥
VBF tight, low pf
VEF loose, low p!fi
ggH 2J BSM

ggH 2J HIGH
ggH 2J MED

ggH 2J LOW
ggH 1J BSM

ggH 1J HIGH
ggH 1J MED
ggH 1J LOW
ggH 0J FWD
ggH 0J CEN

0 01 02 03 04 05 06 07 08 09 1
Fraction of Signal Process / Category
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STXS : tllustration

Various channels Topology of the ‘mother’ (=H) of the channels
—>allow combination

i Ky

gk

EFT
coeffs
. Py
PP = o[ = 0jet
,? | MVA low pr(V) | N > high pY. — | specific
: — > > 1-jet
) ! T\.mhlmpr{")! 5 RErorore BSM
H—rr e (o (ttH) | o(bbH) | | o(tH) 68




STXS ‘stage 0’

........... merged :

(H 4 leptonic ) ssssssssssssssssshsasssssssssnsnaannnnnnnnnnnnnnnnng

; E
e O T

------------------------------------------------
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merging

Process Measurement region Particle-level stage-1 region
ggl + g9 — Z(— qq)H 0-jet 0-jet
1-jet, pP < 60 GeV 1-jet, pt < 60GeV
1-jet, 60 < pH < 120 GeV 1-jet, 60 < pH < 120 GeV
1-jet, 120 < p¥ < 200GeV 1-jet, 120 < pH < 200 GeV
— > 1-jet, p7 > 200 GeV 1-jet, p# > 200 GeV

> 2-jet, prr > 200 GeV

> 2-jet, po < 200 GeV or VBF-like > 2-jet, pi < 60GeV
> 2-jet, 60 < pX < 120GeV
> 2-jet, 120 < pA < 200 GeV
VBF-like, p2¥7 < 25GeV
VBF-like, pi?7 > 25 GeV

q¢ — Hqq' (VBF + VH) ph <200GeV P < 200 GeV, VBF-like, p?” < 25 GeV
ph < 200 GeV, VBF-like, pi?? > 25 GeV
ph < 200GeV, V H-like
Pl < 200 GeV, Rest

pl. > 200 GeV ph > 200 GeV

V' H (leptonic decays) V' H leptonic qq — ZH, p% < 150 GeV
qq — ZH, 150 < p% < 250 GeV, 0-jet
qq — ZH, 150 < pZ < 250 GeV, > 1-jet
qq — ZH, p% > 250 GeV
qq — WH, p¥ < 150 GeV
qq — WH, 150 < p¥ < 250 GeV, O-jet
qq — WH, 150 < p¥ < 250 GeV, > 1-jet
qqg — WH, p¥ > 250 GeV
g9 — ZH, p% < 150 GeV
g9 — ZH, p% > 150 GeV, 0-jet
g9 — ZH, p% > 150 GeV, > 1-jet

Top-associated production top ttH
W-associated tH (tHW)

t-channel tH (tHq) 70

bbH merged w/ ggH bbH




| (‘+’ means ‘merge if not enough statistics’)
Purple : merging that is chosen so far)

| VH | (H + leptonic V')
v

| qq — VH |
|

) | zoervp fixed to SM

(EWqggH incl. VH — qqH)

!

=
SR
=
%]
o
=

| IZ 2-jet VBF cuts |2 _' ‘pg 250, 50]
-"—" |
Tixed to SM Tixed to SM
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From the most rare to the least rare

(to reduce contamination)

31 categories

di-photon selection

Categorization

Categorization optimized in order to highest granularity of STXS stage 1

!

34, #™
tH + ttH - leptonic

!

6 #, #b

Category Selection
t
tH lep Ofwd Niep = 1, N2 < 3, Np_tag > 1, NIY? = 0 (p" > 25GeV) tH
tH lep 1fwd Niep = 1, NiS2 < 4, Ny tag > 1, NJf;;‘j >1 (pJ{?t > 25GeV)
ttH lep Niep = 1, NiG% > 2, Ny_tag = 1, Zgy veto (pjpfft > 25 GeV)

ttH had BDT1
ttH had BDT2
ttH had BDT3
ttH had BDT4

Jets
Nlep =0, NJetS 2 3, Nbftag
Nlep =0, Njets > 3, Nbftag
Nlep =0, Njets > 3, Nb—tag
Nlep =0, Njets > 3, Nbftag

1, BDTyq > 0.92
1,0.83 < BDTyu < 0.92
1,0.79 < BDTynu < 0.83
1,0.52 < BDTyg < 0.79

ttH

I IVIVIVIV IV IV I\/

tH + ttH - hadronic tH had 4j1b Niep = 0, NESB = 4, Ny_ap = 1 (P > 25GeV) tH
1 tH had 4j2b Niep = 0, Nig2 = 4, Nyp—pag > 2 (pJet > 25GeV)
Di-lepton VH dilep Niep 2 2, T0GeV <mygp < 110 GeV
Z(— IH VH lep High Niep = 1, |mesy — 89 GeV| > 5 GeV, p”ET > 150 GeV
+ pv> 150 Gav VH lep Low Niep =1, |mey — 89GeV| > 5GeV, pe+ET < 150 GeV, EIiss significance > 1
One-lepton <:— VH MET High 150 GeV < ERiss < 250 GeV, Eiiss 51gn1ﬁcance > 9 or BRI > 250 GeV
Wi(= H pY< 150 GeV VH MET Low 80 GeV < E%ﬂss < 150 GeV, E;ﬂiss significance > 8
| jot BSM PT.j1 > 200 GeV
E™= significance [MET < 150 Gev., =] VH had tight 60 GeV < my; < 120GeV, BDTyy > 0.78
< [WET <1 501 6eV] VH had loose 60 GeV < mjj < 120GeV, 0.35 < BDTyy < 0.78

Z(— vw)H ; W(—= W)H

!

qqH BSM

!

Low-mass two-jets
W(= ji)H, Z(— ji)H

!

< =

High-mass two-jets
VBF High p_(Hjj)

!

High-mass two-jets
VBF Low pT(Hjj)

<

10:m, []TI"I/‘I'I #

rest (dominated by ggF)

VBF tight, high p77
VBF loose, high p/i7?
VBF tight, low pl7i
VBF loose, low prp. 77

|An;i| > 2, [Ny — 0.5(n51 + mj2)] < 5, pgﬂ > 25GeV, BDTypp > 0.47
|An5] > 2, [0y — 0.5(n1 +mj2)| < 5, p?{“ > 25GeV, —0.32 < BDTygr < 0.47
[An;i| > 2, [nyy — 0.5(n51 + mj2)| < 5, pE” < 25GeV, BDTvgr > 0.87

)

|An;;1 > 2, [nyy — 0.5(m51 + mj2)| < 5, pp?? < 25GeV, 0.26 < BDTygr < 0.87

ggH 2J BSM
ggH 2J High
ggH 2J Med
gegH 2J Low
ggH 1J BSM
ggH 1J High
geH 1J Med
ggH 1J Low
ggH 0J Fwd
ggH 0J Cen

> 2 jets, pi’ > 200 GeV

> 2 jets, 'p’W € [120,200] GeV

> 2 jets, p% € [60,120] GeV

> 2 jets, pL’ € [0,60] GeV

=1 jet, py." > 200GeV

=1 jet, p1' € [120,200] GeV

=1 jet, pj." € [60,120] GeV

=1 jet, p'” € [0,60] GeV

= 0 jets, one photon with |p| > 0.95
= 0 jets, two photons with |n| < 0.95
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Categorization: coarse overview

Categorization optimized to probe STXS stage 1
Made from the most rare to the less rare (to reduce contamination)

decay of tops :
-‘leptonic’: >1 lepton for W from t

-‘hadronic’: no lepton decay for W from t

« VH
decay of tops :
-‘leptonic’: >1 lepton for W from t

-‘hadronic’: no lepton decay for W from t
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Fraction of Events /20 GeV

leptonic: >1 lepton, >1 b-jet

« Truthbins [N | tH |

(no spllttlng in tH had hlgh #jets)

-tH lep: veto event w/ >1 lepton, split categories w/ #fwd jets E o8 :g;b s et
—~>disentangle thb (#j fwd=0; 1) vs WtH (#j fwd~0) © o= ™ S ]
d 9 D000 ————— ¢ Ll i
r - i 02_ ------
-l lep: >2 central jets ; ; N °\"Nth S
\eto event |m,-m,|<10 GeV with same flavor (suppr.ZH) o

0.14} ATLAS — ttH

L {s=13TeV,36.1 fb™' —— Back d
012 Hoyy,m =125Gev ackgroun

- " — ggH

0.1 ¢ Daia, sidebands —
0.08F + -
0.06 + —
0.04F A
0.021
07 1 L 1 ‘ 1 1 1 1 ‘ 1 1 1 1 | 1 L 1 1 ‘ 1 L 1 1
100 200 300 400 500 600

H; [GeV]

Fraction of Events /50 GeV

0.3¢

0.25F

0.05: .

0

0.2F
0.15F

0.1

g ATLAS

T {s=13TeV, 36.1 fo
H—y, m, = 125 GeV

— ttH
— Background

— ggH ]
¢ Data, sidebands J

. Hadronlc -hadronlc ttH VS {QCD Jets ggH} H Zpﬂ mmu,tijets, #], #] cen, #b-jets

: -tH had: cut-based

100 200 300 400 500 600 700 800 900 1000
My jers [GEV] 74

Not using photons in BDT, to be decorrelated from photons selection



[2]
a
c
o
>
Ll
“—
o
c
R
=
3]
©
L -,
L

a T | | | T | 3 o 1.6F T | | =
0.9 ATLAS — ttH E = - ATLAS — tH .
08:_ {s=13 TeV, 36.1 fb™ —— Background = L%J 14__ {s=13 TeV, 36.1 b —— Background ]

- Hovym, =125 GeV . - - H-oyy,m =125GeV -
0.7F — 9gH = ° 12F ! — 99H =

= ¢ Data, sidebands - S - ¢ Data, sidebands 1
0.6 — = 1= ]
osf-* = I :

SE E “ o8k * =
0.4F E - ’
03 | = - E
0.2F L = 0.4 E
0.1F . | = 0.2F =

E ! ‘i;__._lzﬁ_t_._: - S— .

B4 5 6 7 8 9 10 1112 05 1 5 3 : .

N.

J Ntag
— | T . _
2 085 ArLas — ttH -
Lfl 0.7 (s=13TeV, 36.1 fb —— Background —
- = Hoyrm, =125GeV .
o 0.6 — ggH i
put .BF .
S E ¢ Data, sidebands I
§ 0.5:— 3 =
w - 3
0.4 -
03— =
0.2 - . =
0.1- =
C | #f‘—._|='_4 .
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= Categorization : VH w/ leptons, MET

° Truth b|ns VH (H + leptonic V)

v
[aa—vH | NTEYZE

IW—)!?IV I (+) |Z—>€£I+V17 |

—[ Py (0,150 [ 0,150 ]

py 150, 250] Py [150, 250] Py [150, 0]

= O-jet | = 0-jet N
g ST . =
RSB B
[

* VH dileptons: 2 SF OS Ileptons, 70<m,<110 GeVV [l

*VH leptonic: 1 lepton, veto events w/ 84<m, <94 GeV (suppr. Z(Il)H w/ e=>y)
split w/ pr(I+MET)> or < 150 GeV ]
low: additional cut on signiy,et

« VH MET: 2 categories : R
VH MET Low: 80<MET<150 GeV, signiy,z1>8
VH MET High: MET>150 GeV, {signiy,z1>9 or MET>250 GeV}
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Categorization : jet BSM, VH had

Truth bins

_ (EW ggH incl. VH — gqH)

BSM

Jet BSM: probe BSM (ggH & VBF, V(jj)H w/ boosted jets~reco 1-jet). p/>200 GeV

- 9~'m”/p-|-

> L T - T T T

- & 4L ATLAS — ] 8 0185 ATLAS A z

o [ {s=13Tev, 3162113 y —— ggH+VBF+ttH © 0.16 g 13 TeV, 3162152 v —— ggH+VBF+ttH -

— - =YY, m = e P |

2 0.08— o m, = 125Ge ] . ‘g 0141 T Y 4

o VYO ] o ]

m m g TVW 1 g 0'12; + EYT debands 3
5 = > Data, sidebands | S ata, sidebands 4

W’ Z ; 006 ata, sidebands g 0.4 E
S C 8 ]

w Loar U 0.06F =

0.02[2 0.04F = E

L 0.02 -. =

. . -H_-_____

N B B S R B GO P = e
%O 70 80 90 100 110 120 20 40 60 80 100 120 140 160 180 200

m; [GeV] P [GeV]

Ttyy

Training : VH vs {other signal, MC vy, CR : v, Jj}
2 categories : purity in VH : 42 %, 25 %

Momentum

_balance w/' W, Z
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Categorization : jet BSM, VH had

Fraction of Events /0.1

0.35

o
[

0.25

O
\S)

0.15
0.1

0.05

ATLAS

Vs=13 TeV, 36.1 fb
H—yy, m, = 125 GeV

— VH
— ggH+VBF+ttH
VYV
— Vyy
¢ Data, sidebands

IIIIIIII||IIII||||||I.|]]]|||||ll||||||

O‘...

’1 ~0.8 -0.6-04-02 0 02 04 0.6 08

coso*

—

YYJf

Fraction of Events /0.1

0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

OO

ATLAS

Vs=13 TeV, 36.1 fb
H—yy, m, = 125 GeV

155 ap 3 354 45 5

— VH
— ggH+VBF+itH
— YY+YH
— Vyy
¢ Data, sidebands

III|III|III|III|III|III|llI|IIlII_

Ay

VY.
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Truth bins

- Vs=13TeV, 36.1 fo™
F o H—yy.m, =125GeV

¢ Data, sidebands

Fraction of Events /0.2
Fraction of Events /0.

|[An;>2, [n,,-0,5(Mj11N;0)[>5
Categories : p;Hi: <25 GeV : ~2-jets ; >25 GeV: >3-jets
—>reduces ggH migration

BDT mJJ’ ATIJJ’ A(I)w jir. th’ Rmmw |nw_0 5(njl+n12)|

0.5 ATLAS

0.3
0.2F

0.1F

L {s=13Tev, 36.1 o'
[ H-yy, m, = 125 GeV

¢ Data, sidebands E

Put all events of >2.94 in last bin
To avoid large theoretical uncertainties

Training : VBF vs {ggH, MC yy, CR @ vj, jj}
2 categories X 2 p;Hi
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Fraction of Events /5 GeV

TT IIII|IIII|...I TTTTTT IIII|IIII|IIII|IIII|

ATLAS

Ys=13 TeV, 36.1 fb™
H—vy, m, = 125 GeV

— YY)
¢ Data, sidebands

Fraction of Events /20 GeV

II|III|III|III|III|]

0.5 1

ATLAS

Vs=13 TeV, 36.1 b
H—vy, m, = 125 GeV

100

0.14

0.12

IIIIIIIIIL
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0.06
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*  pr, Category used historically for fermiophobic analysis
drawback : turn-on effect on invariant mass t = (pr(n) = 1 (3))/1PF (1) = Pr(7s)|

* new variable : p, : transverse projection of pr,, on thrust axis
threshold p, : 70 GeV

Sensitivity gain : 5-10 % (f(my))

Advantages * Lesscorrelatedtom,,
- discriminant against bkg « Less sensitive to resolution effects
th hlgher for VBF VH ttH high pr,, : Ao << : similar to pr.,
(%D, e j low pr.,, : Ao >> <=small angle {thrust ; yy}
© — VBF+VH -uncert. long.. : dp; X cos (small angle)
Rl IR ‘ -transv. : 3p; x sin (small angle)
% 10_2;_ R —— Data, sidebands —i. E ‘ 7 —=>|ow effect
prd - E g 3
= ATLAS ¥y 1 &
1045 " untagged Central -?}-h‘i“---: . _+_
jl_dt 20.3fb" \s=8TeV au
T H—>yy,m,=125GeV T
1055...|....|... AN N N - H 81
O 50 100 150 200 250 300 AO.GI ‘ ‘-0.4‘ ‘ ‘-O.EI - C!I I ‘0!2‘ I I[l.‘4I ‘ ‘0.6

p. [GeV]

(true - reco) / true



K  Categorization : un-tagged: =~ ggH

e Truth bins - [ ggH 2J BSM > 2 jets, pi’ > 200 GeV
ggH 2J High > 2 jets, pl¥ € [120,200] GeV
! | | | : Ty
_ % FEas | | ——vrrer | ggH 2J Med > 2 jets, p$ € [60,120] GeV
— L=z = 2R bl < 200 eoH 2] Low > 2 jets, pi) € [0,60] GeV

' | eeH 1J BSM =1 jet, p) > 200 GeV
— gegH 1J High =1 jet, p3.’ € [120,200] GeV
ooll 1] Med =1 jet, pi" € [60,120] GeV
L ggH 1J Low =1 jet, p%fy € [0,60] GeV
—>_ | ggH 0J Fwd = 0 jets, one photon with || > 0.95

. . ggH 0J Cen = 0 jets, two photons with |n| < 0.95

= = - S= I L L R B R R L B R

e ggH: Mimic truth bins : —

;025
P W senvices
+ : 0-jet : split with n region m 13 g ]
Central (|n]<0.95) E
lower material: better energy/mass resolution 3
lower extension: artificially closer photons 08

—>higher pr—>better S/B

Forward: worst mass resolution from previous, plus
- - - - - © L {s=13TeV ATLAS Simulation
position resolution : grazing direction of photon Sour Hory, m, =125 GeV
- - g 012~
bit worst 15t samp. granularity ot a0 o
< 01— o M
| Barrel | l End-cap | § — Model
EM calorimeter - 008?
Granularity @x Ag versus [n]| 0.06/— ggH 0J Fwd
Presampler 0.025 x 0.1 In| < 1.52 T 0.025 x 0.1 15<nf <18 C / \ * MC
Calorimeter 1st layer 0.025,/8]% 0.1 [nl < 1.40 | 0.050 x 0.1 1.375 < [y < 1.425 0oal- ] d  — Model
'm‘gu. %0025 140 < |g| < 1475 | 0.025 x 0.1 1425 < |n| < 15 n
0.025/8) 0.1 15<nf <18 002 82
0.025/6)< 0.1 18 < gl <20 n 7 _
0.025/4)< 0.1 20 < |yl <24 ok e | L 1 ! .-
15 120 125 130 135 140
m,, [GeV]




Categorization for historical mass measurement

24 categorization models considered
Compromise between best error on mass and simple model
Choice : 10 categories model

-conversion (0 ; >1 y converted)
unconv : better resolution on m,,
Z vertex : converted more precise

E res : converted less precise n(yz)
-direction central [good] : |n|<0.75 1.75
better S/B

[rest] : 1.3<n|<1.75 1.3
An, 1=prl:S/B]
bad [transition] 0.75

degradation shower measurement

-transverse momentum of diphotons system : >/< 70 GeV

0.75 1.3 1.75 n(v1)
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Collins-Soper frame

wrt beam axis wrt boost axis wrt Collins-Soper z axis

» Collins-Soper frame : z : bissector of beam axes in center-of-mass frame :
minimize effect of ISR
—>better sensitivity to discriminate spin 0 from 2
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Final discriminant variables

inclusive

2 weights / GeV

400

300

200

100

T | T T T T
¢ Data

------ Background

— Signal + Background

—— Signal

s =

m,, = 125.09 GeV
In(1+S/B) weighted sum

T T T T | T T T
ATLAS
13 TeV, 36.1 fb™

8

(=]

=

E weights - fitted bkg

]

—_—

f=]
| I

130
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Observed Results

* Inclusive S|gnal strength

u =099 +3 E‘ =0.99 * ', (stat.) *V by 98 (exp.) 297 (theory)

top
VH
VBF
”QQH
Run-2

Run-1

0.05

ATLAS 1s=13TeV,36.11b

19500GeY Total — Theo. — Stat.

H—=yyomy=

< 6

I

af

w

2

0.7 0.8

Uncertainty Group osyst-

Oy
Theory (QCD) 0.041
Theory (B(H — 7)) 0.028
Theory (PDF+ag) 0.021
Theory (UE/PS) 0.026
Luminosity 0.031
Experimental (yield) 0.017
Experimental (migrations) 0.015
Mass resolution 0.029

Mass scale

Background shape

=
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n
o
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| _ +0.19 +0.07 +0.07
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— e Yeop = 0.5 _gs [ 05 -04 -00 ] (ovBF/0gen1)
08 [+08 <02 4 Tvn/Tggn - : :
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] e e m 20 T R ) R =078 =07 ) e ooy
— ol w,, =081 “o1e [to:m " 006 io:os]
___________________________________ O ] Measurement | Exp. Zo | Obs. Zy
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mer

STXS *strong

Observed

ggH (0 jet)

ggH (1 jet, p'T‘ <60 GeV)

ggH (1 jet, 60 < p"T <120 GeV)
ggH (1 jet, 120 = p: <200 GeV)
ggH (= 2 jet)

qa — Hag (p, <200 GeV)

ggH + qq — Hqq (BSM-like)
ggH - qq — Hqq (BSM-like)

VH (leptonic)

top

-1
{s=13 TeV, 36.1 fb
0.14 H— vy, mH=125.09 GeV
014  -0.24
021 019
002 -0.03
0.04  -0.06
0.09 -0.05
-0.04 -0.01 0.00 -0.01  -0.01
001 -003 002 003 -0.05 001 -0.06 0.03
e By = =
o N o
T § &8 & ¢ & & & 2
. v v 3 v = = z
: In:- IQP _eV— Io- g
o v A o
= o o =3 1 t
= © o = i o
T @ il T & g
3 2 3 o e .
= - S :é 5
I = o
] %
o

top

-1

ging’: correlations

Expected

ggH (0 jet)

ggH (1 jet, p!! <60 GeV)

ggH (1 jet, 60 = p: <120 GeV)
ggH (1 jet, 120 = p: <200 GeV)
ggH (= 2jet)

qq — Hqa (p, <200 GeV)

ggH + qq — Hqq (BSM-like)
ggH - aq — Hqq (BSM-like)

VH (leptonic)

top

ATLAS

Vs=13 TeV, 36.1 fb™
H— yy, m =125.09 GeV

0.05 -0.00
-0.01  -0.02
0.01  -0.04
0.02 0.02
0.01 0.00
-0.01  -0.01
0.01 0.01 0.01 0.01 0.03 0.02 -0.05 -0.00 -0.09
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T :::_p- I::r— 8 _::- g g >
3 v v = £ +
= o o =3 1 1
T e R 1 =2
8 2 3 o 2 .
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T 4 8 >
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- x-framework

Initial state i-> intermediate state X (H)—>final state T (=121, 2/x¢,,2)
K: scale factor: ‘amplitude’ strength
SM e :
) @'ﬁ- NS sensitivity to interference
@ U(H = vy)/Tsyu(H = v7y) = 1.59x%, + 0.07kZ — 0.67ky K

can be formulated using :
-genuine SM coupling : f(SM coupling)

-effective coupling (BSM particles, etc.)

{_TdE—}H—}f

example : gg2>H->vyy
8

W v v
AY,

HIt 2%, HWW >,
Hbb—>x«,
ggH-> 1, =f(ic,, 1,) Hyy > =f(ic;, 1, 16 1) Hit2i
ggH—2>1x Hyy=21x,
Explore various aspects of couplings 88

- benchmarks’ models



k-framework: benchmarks scenarios

Explore various aspects of coupling structure

(fermion/bosons)

-Couplings modifiers on an amplitude: Yukawa sector
-Ratio of coupling modifiers: A;=x;/x; s
(whenever a ratio is chosen, a reference coupling modifier is also
considered, for the scaling : typically «;=x;. /1)

-explore a given scaling
-Fermion-boson (k, Kg)

~
+—>
T

-Custodial symmetry : W/Z ‘
-Fermion :
-up-down (A4 ): BSM extended Higgs (2HDM, ...) ‘A)'op
-0-1 (A,4): BSM extended Higgs (2ZHDM, ...) ‘“,‘,a““""' Mixed sector

-Loop (ggH, H>7y, Zy)
-resolved (SM): k,0,=f(;), N0 BSM In 'y, (BRgg),=0)
-unresolved (BSM): 1, #1(x;)
-w/ or wo/ invisible decays Interpretation : phenomenological parametrization
SM : (M, £)=(v, 0)

-Maximal parameterization

_ m2e 89
14 baseline benchmarks Ky = Ui



Results ICHEP ATLAS coupllngs H->yy In a nutshell

& F Data ATLAS Preliminary |
1 1 1 & jgof v Backgiound 1s=13Tev, 133"
L=13.3 fb! (2015: 3.2 fb!, 2016 : 10.1 fb- § SR e
g 1 —— Sign =
S/B weighted sum of
[N i avent calegor’ies

<u>=13.7

- Fixing m;=125.09 GeV
Zops=4.7 6 (Zoyy=5.4 0) ;
H=0.85 %2 5 i f
(EW gqH) (H 4 leptonic V) e
« STXS, stage 0 [ooF ] | e | [ ]
) 30 (Run-like)
Ty X B(H — yy) = 63 75 b I |nH|<2 5
ovpr X B(H — yy) = 17.8 ig? fb
ovhep X BH > yy) = 1033 1b . Signal strength
G - +6.8 | L N L L LA B B B
OVHnaa X BH > yy) = =23 55 1b  ATLAS Preliminary e Total
oay X BH - yy) = —0.3 w_LH fb  Vs=13TeV, 133 1"
Moy = . | M, =025 0%
« Total production cross-section . . gy =023 113
Tgg X B(H — yy) = 65 fz% fb Hoee [~ et My =224 Lo
B H _ lg 2 +;38 fb lJ'QEJH _ —e— ”ggH =059 ig:iz
Tvpr X BE =YY = D2 6 S SR o 5
oyyg X .(B(H — ‘}f‘}/) = 1.2 ig:‘ b T R b =117 <028
oin X BH — yy) = 03 b e R I TR SR 90

Signal Strength



top
VH
VBF
MggH
Run-2

Run-1

Results: signal strengths

Inclusive signal strength

-l-ﬂ.ﬂ'?

— +l] 15 _ +'El
Prod. Modes ;
III|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|II
— ATLAS
(s=13Tev,36.1fb"  ‘—® ' Total —*— Stat.
[ H-— Yy, my= 125.09 GeV Total  Stat. Exp. Theo.
+0.6 +0.6 +0.1 +0.1
— e Mop = 0.5 o6 [—o.s -01 -00 ]
+09 [+08 +02 +02 u
— ® 4 Moy = 07 _og [—0.8 -02 -o01 ] VA
+0.6 +05 +03 +03
— bF——H W, = 2.0 o5 [—0.5 -02 -02 ]
+0.19 [ +0.16 +0.07 +0.07
— e M gH =081 g4 [—0.16 -0.06 -0.05] Hiop
L ggHeN'L0 @i MRun-z_ogg +01 [+01§ tggg tgg;]
+0.28 [ +0.23 +0.10 +0.12
— 9gH@NNLO  |-@—4 MRun1—1 A7 oze[ 023 -0.08 -oos]
III|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|II
0 1 2 3 4 5 6 7

Signal strength

(Iynl<2.5)

Limits & significance

T I T T T T I T T T T l T T T I T T T T
ATLAS - Expected —O) 1 o
{s=13TeV, 36.1 b Expected (1=0) £ 2.0

SM Expected (w=1)
H — vy, my= 125.09 GeV —— Observed !

1 1 1 1 I 1 1 1 1 I 1 1 ; 1 I 1 1 1 1 I 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5
Upper Limits
Measurement | Exp. Zy | Obs. Zy
e | 200 [C22]
4% 140 08 o
Hiop 1.8 ¢ 1.0 o0 91

VBF closeto 5 ¢



Results: cross-sections

® XSXBR ATLAs H :' YV, m;=é5.09 GeV
gsgi}f{s(pp — H) x BR(H —~vy) =82 £16 (stat.) % (FExp.) 3 (Th.) fb
J]Z;:%j(pp — H)x BR(H - vy) = 16 +4 (stat.) +2 (Exp.) +3 o (Thy  fb onl i
agqus(pp — H)x BR(H — vy) = +(stat ) 1:012 (Exp.) 0 2(Th ) fb ;
Outisin(Pp — H) x BR(H — vy) = 0.7 g7 (stat.)  Zg7 (Ezp.) oo (Th.)  fb
SM : Ooati X B(H — yy) = 102 713 fb = 102717 (stat.) * (exp.) ™3 (theory) fb VBEL
ovpr X B(H — yy) = 8 '3 fb=8 " (stat) ] (exp.) *] (theory) fb
ovaXBH - yy)= 5 +4 fb= 5 +§ (stat.) +} (exp.) *{ (theory) fb
Owp XBH = yy)= 1.3 *09 fb= 1.3 703 (stat.) *07 (exp.) ') (theory) fb
VH -
'E 40_ T T T | T T T | T T T | T T T | T T T | T T T | T T T | ]
= - ATLAS o Best fit
= 35 Vs=13Tev,36.1 1" - 68% CL —
} - H > yy,m,=12509 GeV +95% CL - top -
T 30— T .. +SM —
= — .."’. ""'..' ] ||||||||||||i|||||||||||||||||
* 25 g ] 0 05 1 1.5 2 2.5
2 F . smpredicion  Measured ¢ x B normalized to SM
U =
15 % 4 « Ratio’s: cancel out deviation in BR(H=>vyy)
E .."«.,_ ..": E over/ TgeH + "-l i+ +0. +0.
10:— M i o —: (O'VBF/U'ggH)SM =25" 1 =25" ' g (stat.) *g N 3 (exp.) _03 (theory)
5 1 -1|- T T %‘%EHSM 0.9 113 =0.9 "2 (stat.) )3 (exp.) *)3 (theory)
20 40 60 80 100 120 140 160 (ovi/Tgen)
Ogg * BIH =) O] Gl = 7008 _ 07405 (stat) 43 (exp) G heory) 92

(0o top Jo ggH)SM




Results: STXS

 strong merging STXS « Minimally merged STXS

{s=13 TeV, 36.1 fb'

s=13 TeV, 36.1 fb”'
ATLAS _7, m =125.09 GeV

ggH (0 jet) (— -
ggH (0 jet) | — ggH (1 jet, p" < 60 GeV) [— ,___._,
ogH (1 jet. pif < 60 GeV) (— i ggH (1 jet, 60 = p!' < 120 GeV) |- _,_
aob (111,60 1< 120 G | i ggH (1 jet, 120 = p < 200 GeV) |- ._._.
ggH (1 jet, p' = 200 GeV) — - o

ggH (1 jet, 120 = p:'<200 GeV) (—

ggH (= 2 jet, p!' <60 GeV) [— .

agH (= 2 jet) [— f ggH (= 2 jet, 60 < p: <120 GeV) |— ———

90  Haa (¢, < 200 Gev) ggH (= 2 jet, 120 = p < 200 GeV) |— P ——

a5t + 09 Hag (BSHEIKe) | ggH (= 2 jet, p: =200 GeV) |— —

ggH (VBF-like) |— : o
VH (leptonic) |— :

qq — Hqq (VBF-like) |— —

top (—

qq — Hqq (VH+Rest) — ot

SM prediction -0.5 0 0.5 1 1.5 2 2.5
Measured ¢ x B normalized to SM

qq — Hqgqg (piT =200 GeV) —o—m—

. . . . VH (leptonic) |— ——
No significative discrepency wrt SM ool |
v b b b b v bvn g by
SM prediction -6 -4 -2 0 2 4 6 8
Measurement Observed | Exp. Limit | Exp. Limit | +2a +lo -lo 20 Measured o x B normalized to SM
(c=0sm) | (c=01b)
ggH + gq — Hgq, BSM — like 4.4 tb 43 fb 2.7 fb 53fb | 39fb | 201fb | 1.51b
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Results: k-framework

. Boson-fermion « Loops  using Ky=Ky=Kz, Kp=K=Kp=K,
— +0.08 _ +0.18 _ | +0.17 _ +0.14
£ 18- ar1as | | | | | -I-IBest flit = “ 18 IATHS | | | -i-Beﬂ f'ﬂl -
{ BE. VE=13Tev, 381 1" —68% CL 3 [ ¥5=13TaV, 361 —68% CL
" E H—yr.m,=12500GaV = 95% CL 3 gl H = v ma=12500GaY = 85% CL ]
1.4 * SM E s * SM §
1.2 = 1.4 ~
1;— —; C N
o8F = 2 E
o8t ] e "
0.4 3 - o ]
= ] o8 s } —
0.2 ] B i
E:II 1 | 111 1 | 1111 | 111 1 | | I | I 1111 | 1111 | 1111 I 111 I: u E_I | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 ]
06 07 08 09 1 11 12 13 14 ~ 04 06 0.8 1 1.2 1.4
1.9 K
p>0: destr. interf. H>yy (W, 1) ' ’
degeneracy k<0 excluded at >95 % CL
« Loops, width, V, top Uncertainty
Parameter | Result Total g B ™
= ota tat. XPp. €o.
Koy =g/ 1 L
§V9=K/V/Kg K 0.90 +0.10 (i0.0Q +0.04 T 8;8;)
—K{/K +0.31 +0.28 +0.10 +0.04
g "t )‘Vg L4l Zgog —0.23 —0.07 —0.03 94
Atg 08 *os  (fos 01 g




Prospectives on couplings

ATLAS, HL-LHC, Vs=14 TeV, L=3000 fbl, ATL-PHYS-PUB-2014-016
« publication 2014 of H>yy: AW : 24 %

(combination : 13 %)

« Run2:100 b, Vs=13-14 TeV :

-increase E : (o x 2-3)

[from Vs=8 TeV to 13 TeV]

-increase L : x 4 [from 25 fb-1 to 100 b-1]
-expect decrease stat. uncertainty by factor 3

-expect evidence of VBF, VH

« Longer term : better improvement

e FT AL | AR | hRRA
>I.:I.|¥ [ re=
o« ~ ATLAS Simulation Preliminary t g
o e r4 T HE
s | —— JLdt=300 b S
7'~ | —JLdt=3000 b W
10'15— =
10'25— =
i . \s =14 TeV
10°E u ,,/ E
F o=
. | | | |
10" 1 10 10°
m [GeV]
m
— my — f
Yy = kv = Yr = Kr—

—

ATLAS Simulation Preliminary

's =14 TeV: [Ldt=300 b ; [Ldt=3000 fb"

H—yy (comb.)
(0))

(1))
(VBF-like)
(WH-like)
(ZH-like)
(ttH-like)

H=ZZ

(comb.)
(VH-like)
(ttH-like)
(VBF-like)
(ggF-like)
H—-WW (comb.)
(0])

(1J)
(VBF-like)
(incl.)
(comb.)
(WH-like)
(ZH-like)
H—tt (VBF-like)
H—up  (comb.)
(incl.)
(ttH-like)

H—Zy
H— bb




Prospectives on couplings

S 300 fb', w/o theory ------- 3000 fb!, w/o theory
+ Standard Model

L | T
“1.25

1.2
1.15
1.1
1.05

0.95
0.9
0.85

: "-.ATLAS Simulation Preliminary-
\s = 14 TeV =

| 1 1 | | | | 1 | | | 1 1 | | | | | | I |

1.05 1.1

-I—Illlllll\I||||III|II|||||II|||II|IIII|||II|I—L

o
©
S
©
o
—

+ many benchmarks models
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Prospectives on BSM from couplings

ATLAS, HL-LHC, \s=14 TeV, L=3000 fb1, ATL-PHYS-PUB-2014-017
« inputs : h>yy, h>ZZ*>41, h>WW*SIvly, h>Z(1)y, h>1t, h>up, h->bb

« Mass scaling of couplings
m,=125 GeV

phenomenological parametrization
SM : (M, g)=(v, 0)

kP = Ui Deviation coupling from its
m2e strength=Ff(m')
—V__

Ry = Vgirze

L L LN L L BN L LB B
ATLAS Simulation Preliminary ]

Combined h — vy, ZZ*, WW* —]
h — Zy, pu, tt, bb .

Exp. 95% CL at \s=14 TeV —
[e,M]

+  SM

280 1

M [GeV]

270
260 -

250

C\ _ JLdt=300 fo '+ All unc.
240 : P
- O WP AN SO Ldt =300 fb  : No theo.

B _ : N
230 i J. Ldt = 3000 fb " : All unc.

------ j Ldt = 3000 b : No theo.

95 % exclusion expectations 220 56576020 0.02 0.04 0.06 0.06 04 0.12 0.14
300 fb1: wo/ syst. |¢|<0.04 M>v+15 GeV <
3000 fbt: wo/ syst. |g|<0.02 M>v+10 GeV
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Prospectives on BSM from couplings

Minimal Composite Higgs Model

-Higgs is a composite Higgs

-Solves naturality problem

Higgs couplings changed wrt to SM, w/ compositeness scale f

Compositeness scale f & = v?/f*  SM:E>0;f>w
f(representation fermions) : spinorial: MCHM4 Kk = Ky = kp = /1 — &

fundamental: MCHM5 gy = /1 — &
_ 1-2¢
E = T
Cigr e fa-seniane 95 96 exclusion expectations
1]+ sundaradose - 300 fbt: w/ (wo/) syst.: £<0.10 (0.067)
ISy - 3000 fbt: w/ (wol) syst.: £<0.060 (0.039)
3 | % E &f>1.0TeV (1.2 TeV)

0-9 - __“ATLAS Simulation
e s TP Preliminary
0.8 " Exp.95% CL at Is = 14 TeV
L | 1 1

1- | I | | 1| 11 | Il L1 ‘ | I | | 1 1 11 1 I 1111 I | I |
0.8 085 09 0.95 1 1.05 11 1.15 98
Ky




Prospectives on BSM from couplings

« Additional electroweak singlet ATLAS Simulation Prefim
- - . imuiation rFreliminary EW singlet
Additional scale EW Slnglet field — thit—aoo Al e Exp. 95% CL at 's = 14 TeV
to doublet Higgs field - === [ldt=300f" Notheo, ~ Combined = vy,2z", WW"
e |Ldt = 3000 fb™": All unc. h — Zyuu,tt,bb
K K’ . K2+K’2:1 “ :Kz = = = = |Ldt=3000 fb™": No theo.
y . H z 1_ ~_ S G = G LSS ot WA W W . W <l
D:E ggé: \ AN = s e "?
SN
0.6F |2\
0.55
0.4
0.3F
0.2 _
: : AE , .-
95 % exclusion expectations 00— | N 4 4 -
Coupling 300 fb! 3000 fb~! | M,
All unc. No theory unc. All unc. No theory unc.
K 0.17 0.10 0.13 0.06
K.

300 fb: w/ (wo/) syst.: 4.2 % (2.4 %)
3000 fbL: w/ (wo/) syst.: 3.2 % (1.7 %)
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Prospectives on BSM from couplings

2HDM ; 5 Higgs bosons : modify couplings

2HDM Type | ATLAS Simulation
Exp. 95% Gl at 's =14 TeV Preliminary
— - M Combined

——— |Ldt=300b™: All unc

- === |Ldt=3001b" Notheo.  h— 1v.ZZ",WW*
—— lLat=3000 b Allune. 1, 7y asbb
- - - - JLdt=3000 b No theo.

TN
= q‘
o

1
I
e
BN
el

SO
SN
oﬂl“go»

c
e

s
AT
atigw
A
st

AT A
17 e s
9 asigusues

ne

2HDM Type II ATLAS Simulation
Preliminary

Exp. 95% CL at s =14 TeV

- ==~ |Ldt =300 ib™: No theo.
—— |Ldt=3000 fb: All unc.

— [Ldt_ 300 fo": All unc
===~ |Ldt=3000fb": No theo.
7

Combined

h = vy,.2Z2° WwW*
h — Zyuutt,bb

esiel gusiget

T

T

2HOM Type il ATLAS Simulation
Exp.95% ClLat 's =14 TeV Preliminary
— =M Combined

——— |Ldt=3001b": All unc

- === |Ldt=3001b": Notheo.  h— 17.ZZ"WW"
—— [Lot=3000 b Allune. 7y e b
= === |Ldt =3000 fbo"": No thea.

T T

{ ATLAS Simulation Preliminary|
i Combined h —» yy, ZZ*, WW*

Exp. 95% CL at \s= 14 TeV
Simplified MSSM [i,, k., k]
— I Ldt = 300 o™ all unc.

_____ I Ldt = 300 fb™ : No theo.

— f Ldt = 3000 fb™: all unc.

...... I Ldt = 3000 fb"' : No theo.

h — Zy, uy, tt, bb

K AT AN MO\ SV WO

800 1000 1200
m, [GeV]

2HDM Type IV ATLAS Simulation
Exp.95%CLat s=14Tev  Preliminary
——— |Ldt=300fb": All une Combined
---- [Ldt=300 0" Notheo. N — yy,.2Z" WW*
—— [at=3000 bk Allune. _, Zyuuarob
- === |Ldt=3000 o No theo
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Prospectives on BSM from couplings

« 2HDM ; 5 Higgs bosons : modify couplings

Coupling scale factor

Type I

Type II

Type III Type IV
Ky sin(f — @) sin(f — @) sin(B — a) sin(f8 — @)
Ky cos(a)/ sin(B) | cos(a)/ sin(fB) cos(a)/ sin(B) cos(a)/ sin(B)
K cos(a)/ sin(B) | —sin(a)/ cos(B) | cos(a)/sin(B) | —sin(a)/ cos(B)
Ki cos(a)/ sin(f) | —sin(a)/ cos(B) | —sin(a)/cos(B) | cos(a)/ sin(B)
« hMSSM
__ sg(mgy tan B)+tan f 5,(my . tanf) — 1
HV - Su = y
v | +tan? ﬁ ‘ J I+ (mi +.rn:_3 )" tan< 8 i
~ m (’”ﬁ"”"ﬁ tan< g - my ( | +tan? ﬁ))"
Ku = Sulma, nf)=np S (m}, +m2) tanp
d f—

kg = Sq(ma,tanB) \/ 1 + tan? 8,

m

2 z 2 2
>+ tan= §—m
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Prospectives on BSM from couplings

« Higgs Dark-matter portail

BR;:
300 fbt: w/ (wo/) syst.: 0.22 (0.19)

3000 fb-1: w/ (wo/) syst.: 0.13 (0.09)

Translated to constraint on WIMP=f(spin)
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! ATLAS Simulation Preliminary|
Combined h — yy, ZZ*, WW*

h — Zy, pu, T, bb
Exp. 95% CL at 1s= 14 TeV

Simplified MSSM [k, k., k]

—_— _[ Ldt = 300 fb™: all unc.

I Ldt =300 fb "' : No theo.
—_— I Ldt = 3000 fb™: all unc.

_[ Ldt = 3000 fb™ : No theo.
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ATLAS Simulation

(s =14 TeV, [Ldt=3000 b’
h—yy, h—=ZZ* =4l h-WW*=iviv, |
h—Zy, h—1t, h—bb, h—uu

— DAMA/LIBRA (99.7% CL)
~ mmmm CRESST (95% CL)

-~ ] CDMS (95% CL)
B CoGeNT (90% CL)
—— XENON10 (90% CL)
- ——— XENON100 (90% CL)

ATLAS (95% CL) in
Higgs portal model:
- Scalar WIMP
== Majorana WIMP
=72 Vector WIMP
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