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INTRODUCTION

- H—yy channel was one of the key channel in the discovery of the Higgs boson
* Good sensitivity: excellent mass resolution, clean signature
* |deal for measuring Higgs boson properties
* Sensitive to BSM: loop-induced process

* In this talk: recent Run 2 @13 TeV ATLAS & CMS results from H—yy channel

» Coupling, Simplified Template cross section and mass measurements:
CMS-PAS-HIG-16-040, ATLAS-CONF-2017-045

- Fiducial/Differential Measurement
* More details on Domizia’s talks [link]

- Double Higgs production will be covered by Sebastien [link]

* All results shown today along with all other public results can be found here:

* ATLAS - http://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults

o : - i .cern.ch/cms-r
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ATLAS ECAL & PHOTON RECONSTRUCTION
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* Liquid Argon sampling calorimeter with longitudinal layer structure
* First finely-segmented layer allows a good rejection of neutral hadron
* Longitudinal shower information used in diphoton vertex reconstruction
 Sliding algorithm window for photon reconstruction
* Converted photon reconstructed by matching tracks consistent with conversion
 MC-based calibration using MVA regression techniques, with additional
corrections from Z—ee comparison
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CMS ELECTROMAGNETIC CALORIMETER

PHOTON RECONSTRUCTION
CERN-LHCC-2006-001
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10° CMS Preliminary 35.9 fb" (13 TeV)
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ool BTOrBaE 4o 1 » Photons are identified as ECAL deposits without
‘ amsmenmen]  associated track

1 + Diphoton vertex determined using recoiling tracks

* The energy is corrected for the EM showers and energy

loss of converted photons
* Regression method trained in simulation

_ |+ Using electrons from Z—ee reconstructed as photons for
o e e e 00 correcting energy scale in data
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Events / 0.5 GeV

80—
60
40

20

CMS¢ | Imperial College

ATIAS 2= London Yacine Haddad (yhaddad@cern.ch)



mailto:yhaddad@cern.ch
https://cds.cern.ch/record/922757/files/lhcc-2006-001.pdf

MORE AND MORE DATA

CMS Integrated Luminosity, pp

o

Data included from 2010-03-30 11:22 to 2017-10-23 07:20 UTC
| | | | | | | : :

ATLAS Online Luminosity
w2011 pp Vs =7 TeV
— 2012 pp Vs=8TeV
= 2015 pp Vs=13 TeV
= 2016 pp Vs =13 TeV
e 2017 pp Vs =13 TeV

2010, 7 TeV, 45.0 pb
2011, 7 TeV, 6.1 fb !
2012, 8 TeV, 23.3 fb
2015, 13 TeV, 4.2 fb !
2016, 13 TeV, 40.8 b’
2017, 13 TeV, 40.1 fb!
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* Run Il of the LHC at 13 TeV is now making a large sample of Higgs boson
event available for analysis
« 2016 was an excellent year for data with more than 36 fb-1 collected by
both ATLAS and CMS
* These data are increasing and opening up new channels to study the
properties of Higgs boson and the SM particles
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SM HIGGS PRODUCTION @LHC
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M(H)= 125 GeV =

.. LHC HIGGS XS WG 2016
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:
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/s [TeV]

» Significant increase in production cross section from increased s
» Signal increased by a factor of 2 to 4 depending on the production mode
* Background increased by a factor of ~2

- H-vyy gives access to all the production modes

VBF ~7%

CMS¢ | Imperial College
ATLAS | London
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DECAY INTO DIPHOTON : H-yy

Loop-induced decay

* Interference helps probe sign of couplings to
SM particles

* Sensitive to BSM: new physics might
contribute to the loop

* Small branching fraction (0.2%) but excellent mass

. FWHM = 3.30 GeV
correct vertex assignment

100

resolution (1 -2%) c?j 500 H—yy All Categories
. . - S/(S+B) weighted -
* Mass resolution expected to be dominated by the - H% - -
| |
detector resolution as the SM width is negligible 400 -
* Modelling the signal shape: - Parametric -
- moae -
* ATLAS: double-sided Crystal Ball function 300 -
« CMS: sum of n-Gaussian functions (n<=5) C 0y =1.65GeV ]
* Requires a good energy reconstruction and 2001~ .

m?,, = E, E,,(1 — cosa)

008110 115 120 125 130 135 140
m,. (GeV)
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BACKGROUND COMPOSITION

][ 0(500 pb) yj 0(200 nb) yy 0(30 pb)

%14000__ T | T T T T .l .I T T I__

O] n ATLAS Preliminary

©12000 :_°,. Vs =13 TeV, 36.1 fb_1—:

g - T .

51-@09_&; E=T vy ]

\\.'-. =1 v/ _:

Irreduable background ~_ tor 8000:_ 'ﬁ"-." [y ]
— B ®ee. ¢ Stat. Unc. —
- * . [ Tot. Unc. .

- Small peakmg 5|gnal on Iarge fallmg background

e Irreducible yy, reducible y-fake and fake-fake - CMS Preliminary
* Multivariate Photon ID to reject fakes § 4000 :_ﬁlrllilgtsézgﬁéicuon
« Background model data-driven: PR
+ ATLAS: parametrised with a continuous function for 2 [ v jet
3000 —— Data

each category
* Function chosen as the one that minimises the fitted signal
yield in a background-only sample (from CR or from MC)
* Typically exponential for low-stat categories, power-law or
exponential of polynomial for the others 1000
« CMS: background functional form treated as discrete

nuisance parameter in final minimisation
 Discrete profiling method [arXiv:1408.6865]
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EVENT CATEGORISATION ATLAS-CONF-2017-045

"ggH VvBF | WH [lizH ggzH [ttH [llbbH | tHgb  tHW

ATLAS Simulation Preliminary H —yy, m =125.09 Gev

) tH‘Iep Ofwd

tH lep 1fwd I
ttH lep §

. e . . . Jh ttH had BDT1 =

- Divide inclusive data samples into | ttH (#1hag BDT2
° ttH had BDT3
categories t# had BT

) . tH had 41b

* Events are sorted into 31 categories | e 425

. . . o ~ VH dilep

to isolate different production | VHlep HicH

L ° ° ‘ e
modes x additional kinematic . e

| VH VH MET LOW

jet BSM

VH had tight

_ VH had loose
~ VBF tight, high p'

VB F VBF loose, high p!¥

VBF tight, low ptl

information
(i.e. moving toward STXS stage 1)
* Improve sensitivity by in S/B |
» Dedicated BDT used to increase the J
separation from ggH and - GG 21 B

| ggH 2J HIGH

background | ggH 2J MED

f ggH 2J LOW

VBF loose, low pHi

ggH 1J BSM
gg H ggH 1J HIGH
ggH 1J MED
ggH 1J LOW
ggH 0J FWD
ggH 0J CEN

Fraction of Signal Process / Category

CM5¢ | Imperial College
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EVENT CATEGORISATION

CMS Preliminary H—syy 35.9fb" (13 TeV)

B ooH B verF tH  [Jj obH B tHq B tw
- WH hadronic - WH leptonic ZH hadronic - ZH leptonic . Oeff

B s/(S+B)

i - ) Ugged (VI 45.8 expected events B . V

|
5‘! Wnielels - 480.6 expected events ‘
1‘ gg H Untagged 2 [GYAVRZNCY(ol=Toi(=To MEAVIET RIS ‘
',‘,( SQIERIEEIN 610.1 expected events _ - |
- TVBFo _—_—_—:i
VBF ver 1 |

|

(=12 27.8 expected events

o H - 7 ttH Ha;iron;: 58e N I B - B \
‘7 tt - ttH Leptonic events I*—___ R -

- I-Tptonic 7 | T o
,] WH Leptonic

| VH VH LeptonicLoose

VH Hadronic EEENACY{eL=1oit=Te REVTRIE ‘

VH MET XAV {CIaol:! N e i
10 20 30 40 50 60 70 8 90 100 5 o5 1 2 25 0 01 02 03 04 05 O0.€

Signal Fraction (%) Width (GeV) S/(S+B) in+ o,

- Divide inclusive data samples into categories
* Events are sorted into 14 categories to isolate different production modes
* Improve sensitivity by introducing categories in S/B and resolution
* Dedicated BDT for VBF and ttH are used to increase the separation from ggH and
background
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DIPHOTON INVARIANT MASS

E weights / GeV

E weights - fitted bkg

| | CMS Ppreliminary 35.9 fb™ (13 TeV)
:' T L B B T T L rTrorTA I B L L e S L O N L
700— ¢ Data ATLAS Preliminary — > = H—syy All catedori ]
[ === Background v— =13 TeV, 36.1 fb1 - (\514000 B mH—1 25 4 GeV M =1.16 ca egorlgs —]
s00— — Signal + Background m, =125.09 GeV ] " S/(S+B) weighted .
— . — +12000 ]
- Signal In(1+S/B) weighted sum  * S B ¢ Data _ ]
500/ — 310000~ — S+B it =
- . - e B component -
400 = ig 8000 — [ l+10o —
- 7] o)) u +2 O ]
3001— = "o 6000 —
- = = - .
200[— = 2 - ’
= J 83 2000;— —

100 :_ _: U) O _I 11 1 L1 1 1 L1 1 1 L1 1 1 | L1 1 1 L1 1 1 | L1 1 1 | L1 1 1
— i | | — s0C | | * B component subtracted 3
40 — + ] : .
- ] 400 = =
20 C _f 200 =
ok - 0 oo o S o S S i S e
_20f- + t ¢ ] ~200 - SR I =
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M/ | Imperial College

Yacine Haddad (yhaddad@cern.ch)
/| London



mailto:yhaddad@cern.ch

MEASUREMENTS



MEASURING THE SIGNAL STRENGTH

- Overall signal strength is consistent with standard model
- Main experimental syst. uncertainties: photon energy scale and
resolution, photon ID, luminosity

ATLAS Preliminary __ .. _ Theory — Stat

H —yy, m,;=125.09 GeV CMS Preliminar 35.9 fb™! (13TeV)

(< |\ | N _I 6_| T T 1 | T T T UL | T T I’I\ | LU | -:-OI 1|5| | LU | T T T | T 11 I_
£ i - H—=yy u=1.16 ., i
N 5 o 5 —— stat+syst —
' N —— stat only ]

u - m,, profiled ]

*E F 20 ‘F ]

31— 3 -

21~ 2 -

R NN I A §

1: 10 B -

: | | | | | | | | | | :I 1 1 1 | L1 1 1 | L1 1 1 | 1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | 1 1 1 |:
0.7 0.8 0.9 1 11 12 13 14 87 08 09 1 11 12 13 14 15 16

u u

+O.06_0.05

ATLAS : u = o/ay,, = 0.99+0.12 4 11(stat.)

|

.4

CMS :p=o0/og,=1.16%01101¢ (stat.)*0-09 5 o (exp.) ¥0-06 4 o5 (theory)
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MEASURING THE SIGNAL STRENGTH

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

ATLAS Preliminary —e— Total +—e— Stat
| Vs=13TeV, 36.1fb"

Total  Stat Syst Theo  Signal strength is obtained for each
u +0.6 [+06 +0.1 +041 } ° °
top [~ H—@— Mop = 09 —06 L-0s -01 -00 Higgs boson production mode
wo e w,, = 07 2 [roe w02 w0211+ Categorise events by production
+0. +0. +0. + 0. to OIO
e |- ey = 21 08 [192 002 102 ) potogy
* ggH, VBF, VH, ttH
u L Lo u - 0.80 +019[ +0.16 +0.07 +006}
ggH ggH ~0.18 L-0.16 -0.06 -0.05
Haune [~ sevio e oo =099 7072 [ 017 “008 ~005 |
u | gromio e M _ 147 *t028[+023 io1o J:o12
Run-1 11 1 I 1 1 1 1 I | I | I 1 1 1 1 IRlur:-1l | I 11 1 (1)216l|:101213 I (1)0181 f)cl)sli|l CMS Preliminary 359fb (13TeV)
0 1 2 3 4 5 6 7 NNEE ' .
H—=yy - Combmed + 1o
Signal Strength L —#— Per process + 1o _|
° ° ° MggH 111+(§)11: mm= M=MSM
* Large theory uncertainties remain for ttH i .
— w . = 1.16 i ) ]
and VBF . o combined 0.14
. . . VBF oS m,, profiled
* Mainly ggH contamination, UE/PS B "P B
uncertainty W | 2o
o . . ttH '
* Theory uncertainties improved a factor 2 u _
comparing to Run-I| my, | 237
_2 | | | (l) 2 | 4|- | | | é | | | é |
o
CMS i
ATLAS 25 :_T)ﬁgrol?]l College Yacine Haddad (yhaddad@cern.ch) 14
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MEASURING THE SIGNAL STRENGTH

CMS Preliminary 35.9 b (13TeV)

E 35__I | [ [ [ | [ I. I. | [ [ [ [ [ [ [ [ [ | [ [ [ | [ [ I | I -] § 3_I T T | T 1T | T T | T T T T | T 1T | T T | LI |_
= — ATLAS Prellmmar}/1 & Best fit . T +Eos i .
—~ - Vs=13TeV,36.1 1 5 - e - E
= [ H-—yy,m;=12509GeV,ly | <25 —68% CL - s o SM :
1 30— et ----95% CL N — -
r [ 7 —+SM : 13 o2 E
m 25:_ B 1.5 -
><L|_ B | E E
b@ 20— g - ~
g E— E

- : of =

10— - - - f

: : 03 m, profiled E

5_| | I I I | I I I | I I I | I I I | I I I | I I I | I I I | I I_ 1:| L1 1 | | | I | | L1 11 | L1 11 | | | I | | L1 1 |:

40 60 80 100 120 140 160 180 -t 05 0 05 1 15 2 25 3

OggH x B (H — 'Y'Y) [fb] MggH,ttH

A likelihood scan of the signal strength (for CMS) or o x BR (for ATLAS)
are performed, profiling all other nuisances including the Higgs mass

CMS¢ | Imperial College
ATLAS 2\ London
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COUPLING MODIFIERS

KAPPA-FRAMEWORK

* Interim framework for the analysis of Higgs couplings YR3 [arXiv:1307.1347]
* Coupling strength scaling factors k; introduced

2 2
K - K
N N — g Y
(o-BR)(gg = H—=vy) = osm(gg = H)-BRsw(H = vy) - —
H
* Higgs boson production and decay kinematics are SM-like
5 3CMS Preliminary 35.9 fb (13TeV)10
Y - ATLAS Prelimirllary | 'I'l Best flit - e AN o
1-8:_ Vs=13TeV, 36.1 fb™ —68% CL - 2.5 il g
1.6 H — vy, m,=125.09 GeV .-.95% CL — g O
- . 2
140 «, =xy = Ky * SM E
125 Ke =Ky=Kp= Ko oty 1 s
1= E 1
0.8 4 E 0.5 4
0.6 -
C = 0
0.4— :,_________,__.-— - 5
0.2F =
O:II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII: — —O
6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 b 02 04 06 08 1 12 14 16 18 2
K
KV \"

* Slope due to negative interference between top and W-boson in the decay loop
« H—vyy channel provides crucial sensitivity for determining the relative sign of ks w.r.t. k,

CMS¢ | Imperial College
ATLAS | London
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COMBINED COUPLING (H-yy & H—420)

* ATLAS combined coupling measurement with H—-yy and H—42¢

ggF

VBF

VH

E

1 o
=

1

ATLAS Preliminary
Vs=13TeV, 36.1 fb"
H—yy and H—ZZ*—4l

m, =125.09 GeV, IyHI<2.5

e

Measurement e
Stat. uncertainty

Syst. uncertainty D
SM prediction I

1

* Cross sections for ggF, VBF, VH, and ttH
shown normalised to the SM predictions
* ggF rate is very consistent with SM
* VBF rate is in excess of SM prediction
* Branching fraction ratio B(H = yy)/B(H — 4l)
measured to be slightly below SM

0 1

expectation

* Overall combination consistent with SM

EEEEEEEEEE T T

CMS¢ | Imperial College
London
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Cross section normalized to SM

Ogor * Bay [‘E“ ATLAS Preliminary
: s=13TeV, 36.1 fb
’ H—yy and H—ZZ*—4l
BYY/B4/ |‘E‘|
my, =125.09 GeV, ly, I<2.5
Ovar/ Oggr I ° l
Measurement tei
oy OggF } = ] Stat. uncertainty
Syst. uncertainty ||
|
Oy Oggr —te— SM prediction [ |
| .I | | |
-1 0 1 3 4 5 6
Quantity normalized to SM
g"— 2.5 B T | T T | T T | T LI | LI | L | T ]
_ *  SM prediction ATLAS Preliminary  _
-+ Bestfit (s=13TeV,36.1f0" ]
2_— Combined 68% CL H—yy and H—ZZ*—4] ]
| e Combined 95% CL i
my =125.09 GeV
R H—yy 68% CL .
15 - H—ZZ*—>4168% CL _.-=="==. ]
1— g —
0.5 S -
1 | | - | 1 11 | 1 1 | 11 1 | 1 |
0.7 08 0.9 1.1 1.2 1.3
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SIMPLIFIED TEMPLATE CROSS-SECTIONS (STXS)

Provide interface between Measurement and Interpretations
Production cross section times BR is measured in mutually exclusive phase space regions
(production bins), with |yy| < 2.5

Measurement Interpretation
Simplified Lagrangian
. K
Data cross sections i Jk parameters
Minimize Direct theory dependence
theory dependence

Minimise theory dependence in

measurements
Shift treatment of (dominant) theory
uncertainties to interpretation level
Decouples measurements from specific
interpretation/model assumptions/BSM
scenarios
Measurements stay useful on the long shot

Complementary to differential
cross section measurements

Hiy Kg

H — vy
S

o

3.

o E

EFT
coeffs

I »[ > 2-jet VBF cuts —>| gk

low pY.

Simplified template cross sections are
optimised for sensitivity while also
minimising theory dependence

Differential cross sections are optimised S [(MVATow pr(V) | E >[ high p¥ = specific
) T [(MvATigh pr(V) | Y > 2 tet " BsMm
for model independence T : , >/ very high pY,
Horrr | | [

o(bbH) o(tH)

* More details on STXS bin definitions can be found in back up slides or Yellow Report 4 [arXiv:1610.07922]
Yacine Haddad (yhaddad@cern.ch) 18
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H—=vyy : COUPLING MEASUREMENTS

ATLAS Simulation

bbH

tHW

tHgb

ttH

gg — Hll (= 1-jet, p¥ = 150 GeV)

gg — HiIl (O-jet, p¥ = 150 GeV)

gg — HIl (pY <150 GeV)

q — Hll (pY =250 GeV)

qq — HIl (= 1-jet, 150 < pY <250 GeV)

T

qq — HIl (O-jet, 150 < pY <250 GeV)

T

qq — HIl (pY <150 GeV)

T

q — Hiv (p¥ =250 GeV)

T

qq — Hiv (= 1-jet, 150 = pY <250 GeV)

T

qq — Hlv (0-jet, 150 < p!¥ <250 GeV)

T

qq — Hiv (p¥ <150 GeV)
qq — Hqq (p; = 200 GeV)

qq — Hqq (rest)

qq — Hqq (VH)

qq — Hqq (VBF-like, 3-jet)

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

ggH (VBF-like, 3-jet veto)

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

ggH (= 2-jet, 120 < p* <200 GeV)
ggH (= 2-jet, 60 < pi* <120 GeV)
ggH (= 2-jet, pi* <60 GeV)

ggH (1-jet, p = 200 GeV)

ggH (1-jet, 120 < p? <200 GeV)
ggH (1-jet, 60 < pi' <120 GeV)
ggH (1-jet, p! <60 GeV)

ggH (0-jet)

STXS Regions

« Also start isolating a variety of
phase spaces defined in

simplified template cross section
framework (STXS)

CMS¢ | Imperial College
TLAS 2| London

EXPERIMENT P Y

Preliminary H —yy, m_ = 125.09 GeV

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

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

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

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

N i T T

-

T e
- PR PR o

Hij
T
Hij
T
Hii
T
Hij
T

jetBSM | © -

ggH 0J CEN
ggH 0J FWD
ggH 1J LOW
ggH 1J MED
ggH 1J HIGH
ggH 1J BSM
ggH 2J LOW
ggH 2J MED
ggH 2J HIGH
ggH 2J BSM
VBF loose, low p:i
VH had loose
VH had tight
VH MET LOW
VH MET HIGH
VH lep LOW
VH lep HIGH
VH dilep
tH had 4j2b
tH had 4j1b
ttH had BDT4
ttH had BDT3
ttH had BDT2
ttH had BDT1
ttH lep
tH lep 1fwd B - :
tHlepOfwd | @ @ @ @ @ o 0 @ o

VBF tight, high p

VBF tight, low p!i
VBF loose, high p

Yacine Haddad (yhaddad@cern.ch)
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SIMPLIFIED TEMPLATE CROSS SECTION

o \s=13 TeV, 36.1 fb™
ATLAS Preliminary |27 2155 06 Gev
H

ggH (0 jet)

ggH (1 jet, pl < 60 GeV)

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

qq — Hqq (pjT < 200 GeV)

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

top

— ——

SM prediction -05 O 0.5 1 1.5 2 2.5

* CMS uses “Stage-0" version of STXS
that explores the production mode

inclusively

CMS¢ | Imperial College
ATLAS 2| London

Measured o x BR normalized to SM

* ATLAS uses a merged version of “Stage-1"
STXS framework: merged bins to improve
sensitivity and reduce correlation between bins

- Explore different kinematic regions:

« Jetand pT bins of ggH

* High pT bin of ggH and high jet pT bin of

VBF sensitive to BSM

ggH

VBF

ttH

WH leptonic
ZH leptonic

VH hadronic

CMS Preliminary 35.9 fb' (13TeV)
| T T T N T T | T T T | T T T | T T T | T T
H—=yy N —— Per process + 1o
— \ E—
N
1.05 %00 2 - SM Prediction
L D _
0.6 my, profiled
- N ]
N
2240 \ ——
L N _
3175 | l
N\
L \ _
005, W—
I A 1
2 N | |
4422 . = .
Lo | A R RS R
_2 0 2 4 6 8
CSproc/ Otheo

Yacine Haddad (yhaddad@cern.ch)
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MASS MEASUREMENT

* Both ATLAS and CMS use coupling categories to measure my
 ATLAS: my= 125.11 £ 0.21 (stat.) £ 0.36 (syst.) GeV from preliminary
calibration leading syst. uncertainty from non-linearity and layer calibration
 CMS: best fit mass at 125.4 GeV with ~150 MeV stat. uncertainty
syst. uncertainty preliminary estimated to be 200~300 MeV
* Measurement starts to be limited by syst. uncertainty in H—=vyy

ATLAS Preliminar
Vs=13 TeVI 3I6 1 :lb* F—e— Total Stat. [ ] Syst.

Total Stat. Syst.
LHC Run 1 ——e—— 125.09 + 0.24 ( £ 0.21 + 0.11) GeV

..................... .|

H—-ZZ*—4l 124.88 + 0.37 ( £ 0.37 = 0.05) GeV

——
1

21+ 0.36) GeV {

Combined — . — 124.98 + 0.28 ( = 0.19 = 0.21) GeV

I
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
124 124.5 125 125.5 126 126.5
m,, [GeV]

CMS¢ | Imperial College
ATLAS 2| London

EEEEEEEEEE
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INCLUSIVE/FIDUCIAL FIDUCIAL CROSS SECTIONS

* Inclusive fiducial cross section in agreement with theory prediction
» Fiducial cross sections in regions sensitive to either different production
modes or BSM physics are also provided

Diphoton fiducial

VBF-enhanced

|||||||

ttH-enhanced

High ET'™

60

50

701~

40F
30F

20k

T T T L I TTT I T T LI
ATLAS Preliminary 8
H—yy,Vs=13TeV, 36.1 fb" &

—4- data, tot. unc. syst. unc.
¥
) 95% C.L.
‘ m,, =125.09 GeV
L 95% C.L. B NLO+ xH
- | ‘ B Powheg NNLOPS + XH
‘ B XH = VBF+VH+ttH+bbH |
& ‘ 95% C.L.

1 1 1 11 111 I 1 1 1 11 111 I 1 1 1 11 1 11

2x107" 1 2 3456 10 2030 10?
o,y [fb]
19.7 fb™" (8 TeV) + 35.9 fb™ (13 TeV)
_\I\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\I\L
- CMS Supplementary ]
L H-yy ]
[ ¢ Data (best-fitm,) ]
[ = syst. uncertainty ]

B2 SM (m,=125.09 GeV) T

- norm. LHC Higgs XSWG YR4
- acc. AMC@NLO

EEEEEEEEEEE

1 |13| 11 |14 1
(s (TeV)

Imperial College
London

—_— T T T T I T T T T I T T T T T I T T T T I T T T T I T T T T
> [ ATLAS Preliminary H—yy, Vs=13TeV, 36.1fb™]
g 1 -¢- data, tot. unc. syst. unc._
= f m,, = 125.09 GeV
S B gg—H default MC + XH |
~ I B 99—H RadISH+NNLOjet + XH]
= 2
S 101 "= XH = VBF+VH-+ttH+bbH
10—2:_ ....... d
A P I R P P B B
L L L L L B DL T
< 2 | -
+
[©)
= 1@###_%
5
3
[0
2 0f + -
; PR S S T RN SR SR SN T S T ST S N S R SR T NN S T S N S S S S R S S S
% 0 50 100 150 200 250 300 350
o pTYY [GeV]

< 2
% 10
S

g 10
io_l—

) 1
310"

Ratio to aMC@NLO + HX

CMS Preliminary

35.9 fb' (13TeV)

Jo

LHC HXSWG YR4, mH=125.O9 GeV

ggH aMC@NLO + HX
ggH POWHEG + HX ;%F

TY
T

HX aMC@NLO

— 10° fcﬁd (P
\ 50
1

-
M

350
vav (GeV)

« Diphoton pr spectrum probes perturbative QCD modelling

of ggF. High pr tail is sensitive to new physics in the ggF loop

- Good agreement with SM given current stat.
- Precision still statistically dominated !
» Further details on Domizia’s talk

Yacine Haddad (yhaddad@cern.ch)
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CONCLUSION

* Measurements of Higgs boson properties agree with the SM
* Signal strength ;275245 = 0.99 4 0.14, M5 = 1167,

» Signal strength/cross section for different production modes
consistent with SM and dominated by stat. uncertainty

* Mass measurement now dominated by syst. uncertainties
. ATLAS m,, = 125.11 = 0.42 GeV
* CMS best-fit at 125.4 GeV

* LHC Run 2 data-taking continues until the end of 2018
* Both experiments expect to record 120/fb in total
* Statistical uncertainties will shrink to about half of the current level
* Further optimisation of analyses as well as interpretations of data
on the way

CMS¢ | Imperial College
ATLAS 2| London
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Yacine Haddad (yhaddad@cern.ch)
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ATLAS DETECTOR

; 1 .‘b", N\ \
| : = 1) B NS N
“;"‘Jl\ DL &\\P ‘ 4 A \ N
= ﬂ Y \ N\ %
.] ::""\1 4 ;

WL

l"‘. | ;\, ‘ 4;,] ‘ L
25m _

v o 37 R

- - LAr hadronic end-cap and
| forward calorimeters
Pixel detector .

LAr electiromagnetic calorimeters

Tile calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiatfion tracker

Semiconductor fracker

CMS¢ | Imperial College
ATLAS London

EEEEEEEEEE
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CMS DETECTOR

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 um) ~16m* ~66M channels
Overall length :28.7 m Microstrips (80x180 um) ~200m? ~9.6M channels

Magnetic field :38T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
~  Silicon strips ~16m? ~137,000 channels

\
A\

l"u.. FORWARD CALORIMETER
- Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

@ M/ | Imperial College
TLAS - London

EXPERIMENT

Yacine adad (haddad@cern.ch.)A o 26
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CMS BACKGROUND MODELLING

Employ a new strategy for modelling the

—4— Pseudo-data

—
(oo
i

— Exponential Fit

background

—_
(2]
i

— Power Law Fit

Events /(1 GeV)

—_
H
L

Background shape is a priori unknown

.y
N
. s

y/4
y/4

The concept is to “profile” over several different N
function choices (i.e. all are considered in the fit) o

Allow the data to select the one which fits the :
best 2 i *

_I L1 1 | L1l | 1111 | 1111 I IIIIIIIIIIII Il 1
‘POO 110 120 130 140 150 160 170 180
m,, (GeV)

—_
o

Subsequent “envelope” around NLL curve of

different choices means uncertainty will take into

account model assumption

= Exponential Likelihood

== Power Law Likelihood

Correct likelihood for functions with different

Envelope

numbers of parameters

Toy example / F
* 1 category, 2 function choices, eP*and xP / S
* Profile “envelope” gives best fit with xP

* 2 sigma error is enlarged by the envelope —
* In principle envelope method will increase uncertainty o ~
because of different function choices S e R 5 s

CMS¢ | Imperial College

London Yacine Haddad (yhaddad@cern.ch)
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PHOTON RECONSTRUCTION

Both experiments use nxo

window algorithm

CMS: is photon converts, large

¢ spread in strong B field:

* Barrel superclusters (SC), made
from 5x1 sub clusters, may be
extended up to 5x17

* Endcap: multiple 5x5 matrices,
combined if overlapping

ATLAS: Supercluster from

middle layer, then sequentially

seed clustering in other layers

* Choice between electrons and
photon, and conversion
finding, to determine window
size

CMS¢ | Imperial College
London

Order | Layer | Ang (units of 0.025) | A¢. (units of 0.025) Seed
| Middle N-'c?lustu N;lustcr Nprecls ¢ptocl
2 | Strips '\ 6 or 8 Nmiddle; Pmiddle
3 PS N'c’lusta 6 or 8* Nstrips: ¢strips
4 | Back Ngluster 4 ] s Nmiddle; Pmiddle
Particle Type Barrel | Endcap
Electron 3¢ F 5%
Converted photon 3x7 5x5
Unconverted photon | 3 x5 S

Yacine Haddad (yhaddad@cern.ch)
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CMS PHOTON ENERGY

- Electromagnetic calorimeter response - 3
- Corrected through time 3 0622; CMS Preliminary 201_": ~— Egus crystate
» Uniformity Inter-calibration in eta and phi ' 0_1'8§@=8T3V’L=19'6fb e RUREICluSter
 Transparency correction @ 0.16F — gSuperCluster
- Energy and its uncertainty corrected fro £ o.14f “CA-Pa™
local and global shower containment: T 0.12p
« Energy regression targeting the true O%;;
energy (E«ue/Ereco) 0.06E-
- Scale versus time and resolution 0.04F
calibration through time: 0.02 A
» Use Zee peak as a reference 0 100 120
M, (GeV/c?)
ATLAS L\[T\S :T)ﬁf;;l)?: College Yacine Haddad (yhaddad@cern.ch) 29
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CMS PHOTON IDENTIFICATION

o 10 S Profminary 9591 (13 TeV) o o CMS Prefiminary 359 o™ (13 TeV)
g ; + giarl;ilation: ; g 1200
*2 107 ;_ H—>yy (m, = 125 GeV)x10* _; E) ¢ Data Eq/
|j>j ? E :(ci:(al background+stat.uncert. § ED 1000 DZ —ee MC ;
o | ! ] L | IMC syst. 1
- s 800 _

10° =
S 600

4l =
107 8c 400
AT 1 y
3| -
10°¢ E 200
_I (I | L 11 | L1 1 | L 11 | L 11 | L1 1 | L 11 | L 11 | L1 1 | L 1 I,_ T L | Ll | Ll | Ll | Ll | L ;‘.

BDT score of the photon 1D BDT score of the photon ID

* Photon ID BDT discriminate real and fake photons (from jet fragments)

CMS¢ | Imperial College
ATLAS 2\ London

Yacine Haddad (yhaddad@cern.ch) 30
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CMS PRIMARY VERTEX IDENTIFICATION

11 CMS simulation Preliminary 13 TeV 11 CMS simulation Preliminary 13 TeV
E s H—yy (m =125 GeV) E ' H—yy (m, =125 GeV)
o 1: Data PU scenario (35.9 fb™) o 1: Data PU scenario (35.9 fb™)
\ B \ _
& 091 & 0.9F
8 0.8F 8 0.8f
N . —4— True vertex efficiency N ]
S 0.7 S 0.7 —+— True vertex efficiency
I5 - - Average vertex probability S -
§ 0.6E § 0.6 :_ - Average vertex probability
L L -
O 5 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 O 5 B 11 1 1 | 11 1 1 | 11 1 1 | 11 1 1 | 11 1 1 | 11 1 1 | 11 1 1 | 11 1 1 |
0 50 100 150 200 250 0 5 10 15 20 25 30 35 40
Pl (GeV) Number of vertices

« BDT using recoiling tracks to assign vertex to diphotons
* Negligible impact on resolution

CMS¢ | Imperial College

ATIAS 2= London Yacine Haddad (yhaddad@cern.ch)
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C M S H - YY CAT E G O R I SATI in)y CMS Preliminary 35.9 fb™ (13 TeV) %\

BY PRODUCTION s | z
e a b= * Data sidebands
|_?>j5ooof — Control Sample

® (sub-)lead-photon pT/m,, >1/2(1/4), at least one lepton B ttH MC (m =125 GeV)

(£=u,e) away from Z peak
® atleasttwo jets with pT>25GeV, |n|<2.5
@ atleast one of the jetis b-tag

® Atleast 3 jets + 1 b-jet
® Train an MVA on MC ttH vs MC diphoton using the input
variables : Njets, lead b-tag, sub-lead b-tag, lead pr

-08-06-04-02 0 02 04 06 0.8 1

—---r------

T S B
ttH (HAD)

____________________________________________ BDT score of the ttH Hadronic MVA

VH leptonic VH Hadronic VH MET
'® W= 2vorZ— £¢

®
@ diphoton MVA > 0.5
® MET > 45 GEV (WH leptonic)

: ' W jjorW - j i N
E@ (sub-)lead-photon E @ (sub-)lead-photon E © W= EevorW - vy E =
. pT/myy, >1/2(1/4) o pT/myy >1/2(1/4) : N >
'@ at least one lepton (£=p,e) away : © at least two jets O MET > 85 GeV : =
E from Z peak '@ pr>40GeV,|n|<24, ' © A.(D(YY:MET) >2.4 ! \%
'e AR(y,u (e) > 0.5 (0.2) | |cos8*| < 0.5 . ® diphoton MVA > 0.79 . E
E E ® 60<m <120 GeV E E

&) <M Imperial College
ATLAS =\ London

* Category priority: Tags are prioritised in order of S/B 39
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®
®
®

EEEEEEEEEEE

C

MS H—vyy : CATEGORISATION

BY PRODUCTION

Require at least 2 jets with pr1 > 30GeV, pr2 >20 GeV, |n| < 4.7, mj; >250 GeV

A

diphoton pair with (sub)lead pt/m,, > 1/2(1/4)

Construct a BDT to identify VBF dijet-like events using:
® p1/my, of both photons, pr of both jets, mj, Anj;, centrality variable, A®jj,yy, ARyj, ADjj
Final VBF classification combines dijet BDT with BDT estimating diphoton quality
(see next slide)
3 VBF categories are then defined by sensitivity ( VBF tag 0-1-2 )

35.9fb™ (13 TeV)

5 CMS Preliminary ¢ CMS Preliminary
1 0 E T T T | T T T | T T T | T | 3 1 O T T T | T T T | T T T | T | -
3 s ] 8 =
S - —{— Data Sidebands . S —{— Data ]
% 10* ; — VBF (m =125 GeV) E % |:| Z — e'e (Simulation)
z ST, ggH (m =125 GeV) - Z10° [ simulation Stat. ® Syst.
E e 1 1 1 E n
1 e 1 1

102 §_ 1 —0—_.__:.’_ : _§ 1 04 _E
- R . ]
- sl -
105 : —+—_+§ -
- B I : 10° E
1 R = :

10—1 i | | | | | | | | : | | | | | Ly | | : | | | ] | | | | | (- | : | | |
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

Transformed score of the VBF Combined BDT Transformed score of the VBF Combined BDT

CMS

Imperial College
London

* Category priority: Tags are prioritised in order of S/B

VBF
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ATLAS 2\ London

E

CMS H—vyy : CATEGORISATION

...................................... CMS Preliminary 35.9 b (13TeV)
N EIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
@ Remaining events fall into the S [g7  *Data Simulation background SM H-yy, m =125 GeV
BY E [ jet jet I 9gH
untagged category - —w el
F10°s vy [0 VH

® Construct MVA to select diphoton
pairs with signal like kinematics,
high photon ID score and good
mass resolution

S\ MC stat. uncert. [ ttH

® Split events into categories based
on output of classifier exploiting
S/B ratios and mass resolution

® 4 untagged categories = 14 non-
overlapping categories in total S

------------------------------------- ’ 0 0102 03 04 05 06 07 08 09 1
Transformed score of the diphoton BDT

Untagged

CMS¢ | Imperial College

* Category priority: Tags are prioritised in order of S/B
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ATLAS: KINEMATIC REGIONS OF THE STXS STAGE-1

Process Measurement region Stage 1 region

ggH + g9 — Z(— qq)H 0-jet 0-jet
1-jet, p < 60 GeV 1-jet, p& < 60 GeV
1-jet, 60 < p& < 120 GeV 1-jet, 60 < p& < 120 GeV
1-jet, 120 < p# < 200 GeV 1-jet, 120 < pH < 200 GeV
> 1-jet, p= > 200 GeV 1-jet, p& > 200 GeV

> 2-jet, p= > 200 GeV
> 2-jet, p2 < 200 GeV or VBF-like > 2-jet, p& < 60 GeV

> 2-jet, 60 < pH < 120 GeV
> 2-jet, 120 < pH < 200 GeV
VBF-like, p77 < 25 GeV
VBF-like, p277 > 25 GeV

q¢ — Hqq (VBF + VH) pl < 200GeV Pl < 200 GeV, VBF-like, p77 < 25GeV
Pl < 200 GeV, VBF-like, p2?7 > 25 GeV
P < 200 GeV, VH-like
Pl < 200 GeV, Rest

Pl > 200 GeV Pl > 200 GeV

V H (leptonic decays) V H leptonic q@ — ZH, p% < 150 GeV
qG@ — ZH, 150 GeV < p4 < 250 GeV, 0-jet
q@ — ZH, 150 GeV < pZ < 250 GeV, > 1-jet
qq@ — ZH, p4 > 250 GeV
q@ — WH, p¥ <150 GeV
q@ — WH, 150 GeV < p¥¥ < 250 GeV, 0-jet
q@ — WH, 150 GeV < p¥¥ < 250 GeV, > 1-jet
q7 — 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
tHW
tHqgb

bbH merged w/ ggH bbH

@ cMS¢ | Imperial College

TiAs 2~ | London Yacine Haddad (yhaddad@cern.ch)
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ATLAS: STXS STAGE-1 BIN MERGING

ATLAS preliminary
- VH (H + leptonic V)
| | i
= = = el ,,
| qtj—)lVH | | g9 —~ ZH |
—{pi060 || —[ef060 ] | |
+) +) | W — tv | +) | Z — e+ vu |
+>_ +>_
-===T' ——
IBSM| F Pr
(+)
+

_ (EW gqH incl. VH — qqH)
. [,
BSM

A4
[ECEIETN Ry

> 2-jet VBF cuts

All regions enclosed by red boxes are merged, except for the sum and difference
indicated by the * sign connecting two merged ggH regions with one Hgq region.

The bbH region is merged with the ggH bins.

CMS¢ | Imperial College

ATLAS (25 London Yacine Haddad (yhaddad@cern.ch)
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EXPECTED YIELDS FOR THE FULL 2016 DATASET

Event Categories SM 125 GeV Higgs boson expected signal
Total ggH VBF ttH bbH tHq tHW | WHlep | ZH
Untagged 0 | 45.83 | 80.19% | 11.75% | 1.83% | 0.40% | 0.47 % | 0.22% | 041% | 0.1
Untagged 1 | 480.56 | 86.81% | 7.73% | 0.56% | 1.15% | 0.13% | 0.02% | 0.47 % | 0.2
Untagged 2 | 670.45 | 89.76 % | 548 % | 044 % | 1.18% | 0.08 % | 0.01 % | 0.51% | 0.3
Untagged 3 | 610.07 | 91.13% | 451 % | 048% | 1.07 % | 0.07 % | 0.01 % | 0.55% | 0.3
VBFO | 10.01 |21.69% | 77.09 % | 034% | 035% | 029 % | 0.03% | 0.03% | 0.0
VBF1 | 864 |3358% | 64.64% | 039 % | 0.52% | 0.36 % | 0.04% | 0.13% | 0.0
VBF2 | 2776 | 50.14% | 46.46 % | 0.81% | 0.73% | 0.53 % | 0.07 % | 0.20% | 0.0
ttH Hadronic | 5.85 | 1099% | 0.70% | 77.54 % | 2.02% | 413 % | 2.02% | 0.09% | 0.0
ttH Leptonic | 3.81 1.90% | 0.05% | 87.48% | 0.08% | 4.73% | 3.04% | 1.53% | 1.1
ZH Leptonic | 0.49 0.00% | 0.00% | 2.56% | 0.00% | 0.02% | 0.13% | 0.00 % | 97.:
WH Leptonic | 3.61 1.26% | 0.59% | 518% | 0.18% | 3.03% | 0.73 % | 84.48 % | 4.3
VH LeptonicLoose | 2.75 916 % | 270% | 2.34% | 0.57 % | 1.81 % | 0.13 % | 63.62 % | 18.¢
VH Hadronic | 9.69 | 57.38% | 3.68% | 3.61% | 035% | 1.39% | 0.27 % | 0.17% | 0.4
VHMet | 425 | 23.63% | 246% | 14.45% | 0.41 % | 2.00 % | 1.14 % | 25.17 % | 28.¢
Total | 1883.77 | 86.96 % | 7.09% | 1.00% | 1.09% | 0.15% | 0.04% | 0.81 % | 0.4

CMS
ATLAS = a

Imperial College
London

Yacine Haddad (yhaddad@cern.ch)



mailto:yhaddad@cern.ch
https://cds.cern.ch/record/922757/files/lhcc-2006-001.pdf

GGH THEORY UNCERTAINTIES

from HXSWG workshop : https://indico.cern.ch/event/595100/contributions/2649194/
attachments/1493264/2322052/ggF_Jul17.pdf

RIRrEyRLAn e e gy Fchjpme

Documentation in preparation: LHCHXSWG-2017-001

9 independent sources of uncertainties

1. |QCD scale variation Jet bins: four sources

R mmation le variation Taken from YR4, Tackmann et al.
est . at O S(%a € variatio Cross checked with JVE @N3LO
0 [J 1 jet migration

1102 jets migration VBF topology uncertainties

2
3
4
5. | VBF phase space Found consistent central values and uncertainties
6
7
8
9

, . using Run-1 style, YR3 uncertainties (from MCFM +
VBF phase space with 3rd jet veto ST), and using GoSam+Sherpa HJJJ @ NLO

Higgs p.. 0-60/60- GeV Uncertaint e Hioas oT <h e

. i i ncertainties on the Higgs pT shape within a fixe
nggs Py 60-120/120- GeV jet multiplicity bin. Taken from QCD scale variations
Finite top mass dependence: p..> m, of Powheg NNLOPS

CMS i
ATLAS :T)ﬁf;g?]l College Yacine Haddad (yhaddad@cern.ch) .
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GGH THEORY UNCERTAINTIES

from HXSWG workshop : https://indico.cern.ch/event/595100/contributions/2649194/
attachments/1493264/2322052/ggF_Jul17.pdf

Different uncertainties

Cross sections and fractional uncertainties
STXS sig stat mu res
Incl 52 +/- 0.00 . 6% +2.1%
FWDH 27 +/- 0.01 . 5% +1.9%
VBF_J3V 27 +/- 0.00 0% +0.0%
VBF_J]3 .36 +/- 0.00 0% +0.0%
=0] 25 +/- 0.03 . 8% +0.1%
=1]_0-60 .49 +/- 0.01 2% +4.5%
=1]_60-120 .50 +/- 0.01 2% +4.5%
=1]_120-200 74 +/- 0.00 2% +4.5%
=1]_200-> 15 +/- 0.00 2% +4 .5%
>=2]_0-60 22 +/- 0.01 .9% +8.9%
>=2]_60-120 .86 +/- 0.01 .9% +8.9%
>=2]_120-200 .99 +/- 0.00 .9% +8.9%
>=2]_200-> 42 +/- 0.00 .9% +8.9%
=0] 12 +/- 0.03 . 8% +0.1%
=1) 92 +/- 0.02 2% +4 5%
>=2] 47 +/- 0.01 . 8% +7.8%
>=1] 60-200 .09 +/- 0.01 2% +5.8%
>=1] 120-200 .96 +/- 0.01 . 8% .5%
>=1] >200 .58 +/- 0.00 .9% 7%
>=1] >60 .68 +/- 0.01 .3% .9%
>=1] >120 .54 +/- 0.01 0% . 8%
>=1 40 +/- 0.02 0% . 5%

H
0o
w
R

(]

$YSITNNTISININS

Different phase spaces
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Yacine Haddad (yhaddad@cern.ch)
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