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In this presentation:

* Run2: Higgs boson property measurements
« Mass and Higgs Width
« Couplings and cross section per production mode in the bosonic

decay channels

A Couplings: HggF, UVBF, ... Kg Ky, ...

STXS:  Ogr*BRH=YY) charcion

Less assumptions

Fiducial xs: O'inchBR(H_'YY) ;?rglgzicvt?oirr:mode ¢

More direct test of the SM

* Summary and perspectives

* Conclusions
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In BSM theories, the Higgs boson properties may not be determined only via a

simple scaling of couplings: kinematic distributions in production and decay

modes may be sensitively modified by BSM (incl. EFT) effects.

Simplified template cross sections (STXS) developed to:
 separate measurement and interpretation steps to reduce in a systematic fashion the theory
dependencies folded into the measurements (dependence on theoretical uncertainties and

on the underlying physics model)
* provide more finely-grained measurements (and hence more information for theoretical

interpretations) while at the same time allowing and benefiting from the global combination

of the measurements in all decay channels

Fiducial cross sections, i.e. cross sections for specific states within the phase space

defined by experimental selection and acceptance cuts, provide:
* largely model-independent way to test for deviations in kinematic distributions

« differential fiducial XS are a powerful for scrutinizing the SM Lagrangian structure of the

Higgs boson interactions (dedicated talk by Lailin)
Giada Mancini (LNF INFN) Higgs Hunting 19 A



Production and decay modes [

The Higgs production at LHC can occur through the following mechanisms:
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gF: is the dominant production mode,

088F/oTO0T = 87% @ 13 TeV.

VBF: whose signature is characterized by
H+2jet forward, ¢V¥ /60T = 7% @13 TeV.

VH: whose signature is composed by a H

associated to a W or a Z boson,

oVH/gTOT = 49, @ 13 TeV.

ttH-bbH: in which the H is associated to tt-

bar /bb-bar pairs, otH+PbH/gTOT = 29, @ 13 TeV.

CERN YR4: arXiv:1610.07922v2

m
2013

10 3
T =
L cC =

Decay channels: 5 E

«  H->ZZ*->4l: pure channel but very low statistics (BRyy. 7+~ 2 « 10%) g ::
¢ H->yy : simple final state but low BR and large background o«

¢ H->WW?"->lvlv: good sensitivity but low mass resolution %10-2 =
*  H->bb-bar: huge bkg, best accesible via VH production T
« H->11: very large bkg, best accesible via VBF and boosted H production 10_3?
* H->Zvy & H->pp: low BR 7 “\
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Higgs mass and off-shell couplings [ INFN ATLAS
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Higgs mass and off-shell couplings

Higgs width (no direct measurement
H->Z77* and H->yy are the most sensitive channels dominated by detector resolution)
Resolution on mass few permill 12 12
0'off-shell” g,off-shell ™ Z,off-shell
Low BR but clean signature 2 2 SM
g 0-on-shell” k g,on-shellk Z,0on-shell / (FH/ I_‘H )
> F T T T T T 3 - * 3
5 0 pavesnananc TS SR pres amas] o | Measurements from H->ZZ* improved
(Lg 45:* . — it = ° F —g%%kaglrguggckground E=13Te'v, 36.1f07 3 3
e I rsermmean 42| expected limits by a factor 2 wrt Runl
€ 35 1 K 400f o
Lﬁ SOOE m
200" ? I'y< 3.8 (3.4) FHSM @ 95% CL
100; g - FrorTr 7T 777 L AL BLINL N B B R
5 € 14 ATLAS  ppemsa oy | g
g w ! rH* > ZZ > 4l212v - Observed-Stat. only | ﬁ
r 2 o 12/~ 13 Tev, 36.1 fo" — Observed 1 ~
O:‘ PR IR RN IR . 5] 05 + ‘ | | | E [ Kgnv, on-shell = Kg/v, off-shell ‘:_D'_
110 115 120 125 130 135 110 120 130 140 150 160 10 o
m,, [GeV] m,, [GeV] o
8- ~
my, =124.79 + 0.37 GeV m,,= 124.93 £+ 0.40 GeV &
6_— “l\os
Qf + %
- 1 ~
2 5 -1 N
(Runl+2 ATLAS Comb. my=12497+024GeV ] A O
0 n " iR R R RS R
o 1 2 3 4 5

SM
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H->Z77" -> 4]
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New results with full Run2 stat 139 fb-1:

- Improved lepton isolation to mitigate the impact of

pileup

- Constrain the major non-resonant ZZ" background and

the tXX background from dedicated side-bands/control
regions respectively

- Additional reconstructed event categories and new
discriminants to enhance the sensitivity to the various

production modes

4 Event selection (at most one quadruplet per event) N
Mass requirements 50 GeV< myy < 106 GeV  and 12 GeV < mgy < 115 GeV
Lepton separation AR(4;,0;) > 0.1
J /¢ veto m(l;,0;) >5 GeV for all SFOS lepton pairs
Mass window 115 GeV < myr < 130 GeV

\ If extra leptons with pp > 12 GeV  Quadruplet with the largest ME )

N 4
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Particle level Reduced Reconstructed event categories f@:onstructed event catego%
Stage 0 production bins Stage 1.1 Signal Region Side-Band Region
p,'<10 GeV P <10 GeV

=0-jet

p,'>10 GeV

|

0j-p,“-Low N =0 N, =0
ot . ot
: 10 < p,* < 100 GeV B SB - 0f

0j-p;“-Medium

p,"'< 60 GeV p*' <60 GeV
1/-p,*-Low

60 <p," <120 GeV
1/-p;*-Medium

120 < p;*' <200 GeV N =1

. . = N, =1
15p;"-High L SB-1j — = |

|

p;''<200 GeV |=1-jet 60 <p,'"< 120 GeV

p;"'>120 GeV

II‘

2 2-jets
"> 200 GeV p;"> 200 GeV
L 1j-p,*-BSM-like -
P, <200 GeV I " : | m; <120 GeV or p;"' < 200 GeV
[ veFpow || 2 | N, =2 . N, 22
VBF p > 200 GeV | — m > 120 GeV, p,"> 200 GeV SB-2
| VBF-p“High | 2j-BSM-like

Hadronic V decay

Leptonic V decay

. . N, =0, p;*'>100 GeV
0j-p,*-High ‘ s
N, =5 SB - VH-Lep-enriched <—————
VH-Lep-enriched o9
| m, =[105, 115] U [130, 160] GeV

ttH Leptonic
ttH-Lep-enriched o
ttH Hadronic SB - tXX-enriched ~ «————
ttH-Had-enriched

[ m, = 1115, 130] Gev [ gwf (105, 115] U [130, 350] Ge\y

1
il

13 TeV, 139 fb!

Production bins are || Corresponding reco categories, NN discriminants used to
defined at particle separate between prod modes, new side band category for bkg
level for Stage O and | | - 2jet (p;*>200 GeV) category -> BSM enriched

Stage 1.1 - Ojet high p;* cat for VH (Z->vv, W->lv where 1 is missing)

Giada Mancini (LNF INFN) Higgs Hunting 19
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Signal extraction:
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> R S R AR LR LR RS RERR AR
(O] H il
. . . . . . . (0] - ATLAS Preliminary H-—»2zzZ*—4l
» Combined fit of the m, invariant mass distribution o WO T’
S ‘ @ Data h
([115,130] GeV for STXS) g "0 e ]
: 2 w00 GO
* Results withlyl<2.5 T Wi ]
. . . 80
* Bkg estimation from sidebands :
60 -
wf
Many of systematic uncertainties have decreased of
- Luminosity 2.8% — 1.7% iy P
- Electron/muon reconstruction and identification ©oR s 1[2’6\1/;"
4]
efficiency and pileup uncertainties,
till d . t t Final Signal zz Other Total Observed
st ominant among Syst. unc. state background backgrounds expected
but reduced 4y 78+5  38.1+22 287+0.18 119%5 118
) * . : 2e2u 52.8+3.0 261+14 3.00+019 81.9+34 98
ZZ" bkg (data dr lven. reduction of 22 40.0+£29 174+13  35+05 609+32 57
the syst. by removing both 4 353+26 150115 29+04 53331 43
theoretical and lumi unc.) Total 206+13 976 12309 315+14 316

/

\_

= 1.0470 03 (stat.) 003 (exp.) T oo(th.) = 1.0477- 5.

c-B=0-BH—>ZZ) = 1.38 £ 0.11(stat.)" 03 (exp.) + 0.03(th.) pb = 1.38 £ 0.12 pb. A
(0-B)sm = (0-B(H — ZZ*))sm = 1.33 +£0.09 pb.

Giada Mancini (LNF INFN)
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220/ —— 220
ATLAS Preliminary  .,f . . ATLAS Preliminary ., _;_._ l
H— ZZ* — 4| 222 .—;—.— ) H— ZZ* - 4l 2z:3 ——:—.— )
13TeV, 139 fb" | | . I 13 TeV, 139 fo” L WO weveovsworveoritl
Stage 0 -y, | <25 I B I S N ¥ Reduced Stage 1.1- |y, | <2.5 (NP
NPNow ~&— Observed: Stat+Sys SM Prediction NN
—&— Observed: Stat+Sys SM Prediction i [ Observed: Stat-Only 5.8 [tb] (°'B)sm [fb]
[m] Observed: Stat-Only B fo] (08),, [fo ggF-0j-p!-Low e 180450 176422 |
L ; - ooF-0j-p}'-High | . 5804100 550450 |
ggF Eaa 1150 + 130 1170 + 80 99F-1j-pif-Low | a3 130480 172425 |
L E 4 9gF-tj-p}Med [ R 140450 119419 |
VBF i a3 130445  92.0+3.1 99F-y-py-High | e—3 | 2:0 197441 |
L : | 99F-2j i 60470 126427 |
VH . ' ) 70458 52,4001 ggF-p!-High |~ §— . 3z 154542 |
T - ¥ -45 =51 VBF-p:-LOW [~ E —a—3 145 tf: 86.3% 8.0 -
. - o e | vBFpiHigh [T . : 3 03" 5764022 |
tH E 3 P 194-14 VH-Had | £ . 3 e 359zl |
- , VH-Lep | E Lo 3 227 16570 |
Inclusive Eb-] 1380+ 120 1330 + 90 a | e 54010 -
0.5 1 1.5 2 25 3 35 4 : ' y ' ' y ' '
5-B/(c-B) -1 0 1 2 3 4 5 6
SM 6-B/(c-B)
SM
All Stage(0 and Reduced Stage 1.1 ggF ATLAS Preiminary 02
measurements agree with the SM predictions H-ZZ' >4l " gorensos Xt
. R A 13 TeV, 139 fo™! % NNLOPS + XH
for the Higgs boson within 1.5 o i HRes 2.3, NNLOSNNLL + XH
218 45 g 90
= F
. . . O 1.6F 4 80
The fiducial XS is extrapolated to the total E o g
. . 1) F
phase space (no categorization): 812f 3 F f n
ISHRl= 25 50 + I
0.8 j—* # . 2F 40 .
Cross section [fb] Data (+ (stat.) + (syst.) ) Standard Model prediction p-value [%] 06F + 155 & Ei’ 30
Tiot [pb] 547 +49 +2.3 557 +28 85 04 LA 20
02f 05 10
o'a gfia cfia ol ofid gfia ofid ofid

9

4“‘492“28*325311";/ (Copy, )
U
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Fiducial XS results with 139 fb-1

Selection: % soooof. AFLAS Pl Com T —
= Vs =13 TeV, 139 fb — it

- Photon isolation at reconstruction and § oo™ Background
L

30000 Nsig = 6550 + 530

particle level
- Er>0.35m,,, E;,>0.25m,,

- Y| <1.37 or 1.52<nY| <2.37

20000

2
S
2
3
@
& -500E_ . . . .
. o o 110 120 130 140 150 160
Signal extraction: m,, [GeV]

- Continuous bkg with a mass fit
Ofiqg = 65.2 £ 4.5 (stat.) £ 5.6 (syst.) £ 0.3 (theo.) fb

SM prediction: oy = 63.3 +- 3.3 tb

- Bkg estimation from data using

analytical functions

- Yields unfolded to a fiducial volume
matching the experimental Experimental unc. dominate:

acceptance - Photon energy resolution

- Bkg modelling
Giada Mancini (LNF INFN) Higgs Hunting 19
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ATLAS Prelimi =
STXS results with 80 fb-! fs-1aTov, 79yt (o S o TN
H-yy, |yH| <25 Total ( Stat. Syst. )
ggF F—— 0.97 ‘015 (041 120
Events are divided into 29 categories based on the | v FE—— e 08 (02 03
. X :059 :053 :026
reconstructed event properties, to target the o e 10 (e s
. . . Top —t——] 112 05 (0% 0%
different production modes and the different |
e oo b e o b by
: 0.5 1 1.5 2 2.5 3
STXS regions. (©x8)) (xB),
- Stage0: truth level splitting of the Higgs e
A7JLAS PreI%minary | lof Tlotal O Sltat. = éyst. E |SM
. Vs=13TeV, 79.8 b
prOdUCtlon processes Hs—wy, |yj<2.5 Total ( Stat. Syst.

agF, 0j Fem 0.92 *°% (+0.47 01

)

~022 0.14 )

- Stagel-reduced: Additional splitting based on WP et 125 I (2052 o
)

)

ggF, 1j, 60<p:<120 GeV  |—=== 089 Zou7 ( losz oz

+0.85 ( +0.70 +0.49

. . . . . F, 1j, 120<p!'<200 GeV b—==—=—1.51 "% ( “0es oue
Higgs kinematics and associated particles tobe | ., | bes o (saay i
. L. qq—Hag, 0<p! <200 GeV |—i‘-{ 140 T00 ( To% Tom )
measured when the experimental sensitivity 09F + a->Hag, BSW-ike j—=a=— 076 0% (0% 023)
VH, leptonic j—=e=—+ 1.38 18121 ( iﬁj?g igiii )
allows ->9 XSs are measured o 18 S el )

vl v b b b b by

|
-2 - 0 1 2 3 4 5
(cxB)/(cxB)

SM
Giada Mancini (LNF INFN) Higgs Hunting 19 A



ttH measurement with 139 fb1:

Additional tf H selection imposed in
conjunction with the di-photon selection

Simultaneous fit in 7 signal-enriched

event categories

Lep categories: tf decays 1 isolated lepton
(W->1v) + 1jet with p; > 25 GeV (b-tagged)

Had categories: 1jet with p >25 GeV

(b-tagged), as well as contain at least two

additional jets with p; > 25 GeV and no

reconstructed leptons

BDT dedicated to Lep and Had selection

4.9 ¢ observation (4.2 o expected)

Giada Mancini (LNF INFN)
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> _ T T T T T T T T T
8 - ¢ Data ATLAIS Preliminzlary
7o) 30:_ -------------- Continuum Background Vs =13 TeV, 139 fb™
5 I ==--=- Total Background m, = 125.09 GeV
: 25:_ — Signal + Background All categories =
%J 20 :_ In(1+S/B) weighted sum =
Re)) - -
() C a
= 15 * =
I :
E 10 E
(,) =~ ~
5 T
5 " ;
0 A I ST T S S T R T T N NSNS SO S AT SO N
110 120 130 140 150 160
m,, [GeV]
. = 1.38 +0.41
MerH = L. —0.36
_ _ +0.43
- 1.1 +0.09 fb
(SM pred.) = 1. 5_0.12
Higgs Hunting 19 /
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XS: H->yy and H->ZZ*->41 combination

° ] -1 o) L R E L B R A A A B B B
Results Wlth 139 fb~1 @ 13 TeV 2_:;: 100k ATLAS Preliminary — Oy My=125.09GeV a
. T - AH t Hs ZZ*—s4l QCD scale uncertainty
b mH—125.09 GeV bg: i N Co_l)n?i/ned dat_; ~ B Total uncertainty (scale ® PDF+c)

80 | Systematic uncertainty -

e The cross sections are obtained from
the measured event yields, combined 60

accounting for luminosity, detector a0l

effects, acceptances, and branching

Vs=7TeV, 451"
Vs=8TeV, 20.3 fb
i Vs=13TeV, 139 fo
=7 % 9 0 i1 12 13

Vs [TeV]

20f
fractions (SM assumptions) I

« The measured total Higgs boson

production cross section is: 55,4j:g pb ( £3.1(stat.) tgg(sys) )

« Agreement with the Standard Model
prediction: 556 + 2.5 pb

Giada Mancini (LNF INFN) Higgs Hunting 19 A
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The H->WW?*->lvlv decay (1.5% of the overall final states)

more abundant than ZZ* and yy

Characterized by:

- the presence of 2 leptons with small opening angle

- requiring different flavor leptons helps

reducing further the backgrounds:

Events

1 e +1 p opposite sign (p;>22/15 GeV )

- the presence of 2 neutrinos (MET) that

prevent a full reconstruction of the Higgs

mass, contrary to the ZZ* and yy final states

Giada Mancini (LNF INFN)
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ggH/VBF > WW* [ Physics Letters B 789 (2019) 508-529

ggF and VBF

INFN

ATLAS

EXPERIMENT

3 Signal Regions further split by leading lepton flavor, m,,

and subleading lepton p;

« BDT used for VBF analysis to disentangle signal and bkgs

* Normalization of main backgrounds constrained via

Control Regions: tt+Wt, WW and Z/vy*, W+jets and multi

jet events (fake lepton bkgs) are estimated from data

« Signal extraction: Simultaneous fit of the SRs and CRs

Measurements

OggF Brww+

= 11.4%]3(stat.)*]3(theo syst.)f}:‘;(exp syst.) pb = 11.4737 pb

OVBF - B ww+

2
2

2 pb.

= 0.507)3;(stat.) + 0.10(theo syst.)*)-13(exp syst.) pb = 0.50-
"“’fdﬁf’““s Significances:
104+ 0.6 pb 6.3 (5.2) o for ggF
0.81+0.02 pb 1.9 (2.7) o for VBF

Giada Mancini (LNF INFN)

SM expectations agree within 1 ¢
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over * Buoww* [pb]

2.0

15F

1.0F

0.5F

0.0F

200
E P ¢|D| ! ‘Unoerl ty
o 18000 ATLAS W, B He
T 1600F H->WW'—evuv, Ne < 1] tiwe [l ww
£ 400, B-13Tev.361n’ W2y @M
> mw
w1200+

1000f
800F
6001
400f
200F

0

Data-Bkg.

300F
200}
100F

ok

vvvvvvvvvv

ggF signal‘;
region

nnnnn

m, [GeV]

VBF BDT score in SR

Events / bin

1500F

1000f
500

0

2500, ATLA sl ! + Dalla
F -,

[ H—WW—eviiv, N = 2 VBF [

20005 = 13 Tev, 36.1 b

ver I He
e Elww

Wz [EMisid
mw

Events/bin
3

8

3]

[1,026]  [0.26,0.61)

[061,0.86]  [0.86,1.0)
BDT score

— 68% CL ATLAS
— 95%CL Vs=13TeV, 36.1fb '
*  Best fit
+ sMm
0 5 10 15 20 25

OggF * BH-ww* [pb] /!



VH -> WW* [ arXiv:1903.10052v1 rhep_ex] | N FN ATLAS
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WH main selection cuts, 2 categories: o e ] 8T amas | o uln
’ 8 PP e BeaComtied § (e e
60 WH - Iviviv vw mzz = WH — Iviviv Jvw mzz
* 3 leptons (e/p) total charge+1 (p;>15 GeV): o Zemvem B | o [pewees Bewem
2 cat depending on the number of SFOS lepton pairs * P

* BDT vs main bkgs: diboson & top quark (ttV or tt) ~ FEESSEEFENSEER | T S

BDT-score BDTwz_BDTy-score

* CR for WZ/Wy?*, top, misidentified leptons Data Driven

T
~4-Data Uncertainty

1 % s=13 TeV, 36.1 f [HzH =2.9) [Mis-1d
method for Z+jets/Zy i e QR

ZH main selection cuts:

* 4 leptons (e/ ) total charge 0 (p;>10 GeV)

ZH, 1SFOS ZH, 2SFOS

*  Main bkgs: ZZ* and ttZ from CR, Data Driven for Z+jets/Zy

g Tamas T Taia
own - Buoww+ = 0.677031(stat.) ") 0o(theo syst.) 01 (exp syst.) pb, %2'5__ (s=13Tev, 36.1 10" el
ozn - Buowwe = 0.547031(stat.) ") 05(theo syst.)*0-32(exp syst.) pb. o 20 esu

=
SM predictions: Significances:
Owp B = 0.293 + 0.007 pb WH 2.6 obs (1.3 exp)

ZH 2.8 obs (1.2 exp)
Combined 4.1 obs (1.9 exp)

Oz B = 0.189 + 0.007 pb

Consistent with the SM predictions within 1.30 for WH and 1.50 for ZH.

Giada Mancini (LNF INFN) Higgs Hunting 19
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»  We are studying the main production processes of the Higgs boson decays to
bosons with precision up to the level of 10%

* Results from Runl+Run2 with up to 139 fb'! indicate that measurements
of the properties of the H(125) show consistency with the Higgs Boson
predicted by the SM

*  Most of our measurements are still statistically dominated in the most

sensitive channels

We are entering the precision era:

looking for possible hints of New Physics behind the corner!

Giada Mancini (LNF INFN) Higgs Hunting 19
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Analyses in Runl have been optimized for the discovery

 Observed boson compatible, within the uncertainties,
with the Higgs predicted by the SM -> deviations are small

Measurements of:

* Fiducial Cross Sections and Differential Cross Sections in variables
sensitive to the quantum numbers of the Higgs boson (spin, CP), production
modes, proton PDFs and perturbative QCD effects

Interpretations in terms of:

+  Signal strenght: defined as the ratio of the XS ¢ BR with respect to the
SM (more model dependent): = (6 BR),,./(6 BR).,,
* Coupling modifiers (k;): parametrizing production and decay, coupling

modifiers as multiplicative factors, narrow width approximation

. R 2 _ +JorJ 2 SM
o, RS = T T® - where i« =TV/Tgy . Kj =0,/
I'y > k=1 refers to the Standard Model case (SM)
Giada Mancini (LNF INFN) Higgs Hunting 19 /



Observation of VH production [ INFN &I!Tﬁé
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« VH takes ~ 4% of the total Higgs Significance 7
Channel )
boson production modes at the LHC Exp. Obs. i
* 0O
* Observation combining Run2 results: H—2z" =46 L1 1L g
H — vy 1.9 1.9 Q
H->bb-bar , H-> yy, H->ZZ* H — bb 43 49 %
. . VH bined 4.8 5.3 =
* Assuming SM Higgs boson BR o v
i SigniﬁCanCe 5.3 G (4.8 expected) -> LI l LA l AL ] LI l T I """" I ‘‘‘‘‘‘‘‘‘‘‘‘
ATLAS VH \s—13TeV 79 8fb‘
Dominant contribution is from bb-bar —Total  —Stat.
Tot. ( Stat., Syst.)
channel I . 094 T (2 w0z
 Direct observation of the Higgs boson
55 Ho Y| 103 0% (0% w0z
being produced in association with a
H bB H-o—H 1.17 +0.27 +0.16 ’ +0.21
vector boson — 025 (20165 -0.19 )
* Results still statistically dominated Comb. He-H 1.13 ff,’f; (2‘3'1'? : Lﬁ’a’? )
[T NI R | IFENIRETS AT AT ST ATNATA SN AYAT AT AN AT TN A S A
005 T 15 2 25 8 85 4 455

lbLVH

Giada Mancini (LNF INFN) Higgs Hunting 19 A



Observation of the ttH production [ INFN . ?ﬁl!ﬂﬁé
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 Direct Higgs coupling to top quark, largest g o ]
ggs coupling to top quark, larg 2 o Arins E
Yukawa Coupling 9 0 t % 0.8§— ﬁaITheow(NLOQCD+NLOEW) _i ﬁ
______ H o 073_ $ Combined data _E E
e E Stat. only ] —~
g9 16000000 0) > ; © 06;_ — [os)
C ~
055— — g
0.4 3 ~
. . . . . . E O
* Deviation of couplings -> sensitive to new physics! o3 1 &
. 0.2F 4 1
* Challenging to detect G,,;~0.5 pb @ 13 TeV ot ER
« Complex final state and huge bkgs 06 e 0 2 e e
. . . Vs [TeV]
 Combination of results from different
T T T T | T T T T | T T T T | T T T T I T T T T | T T
decay modes ATLAS e Tota | | Stat. [ Syst — SM
. . Vs=13TeV, 36.1 - 79.8 fb”'

« Results still stat. dominated T ow st Syt
ttH (bb) Fé_, 079+ 80 (£ 52 +0.53)
ftH (multilepton) H—=— 156+ 04 (0% % o3 )

* Run2 (up to 80 fb-1): S
ftH (yy) —== 139+ 040 (% 04 .+ 0%)

5.8 o (obs.) 4.9 ¢ (exp.)
. . ttH (22) fe <1.77 at 68% CL
-> driven by yy and multileptons ——mfF————— a
Combined H==H 132+ 0% (+0.18,% 02
¢ M 6.3 0 (ObSl) 5.1 O (exp.) 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1

-1 0 1 2 3 4
SM
S/ Ot
Giada Mancini (LNF INFN) Higgs Hunting 19



INFN| YAILAS

, EXPERIMENT
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A Thoroidal LHC Apparatu$S

Inner Detector:

« Silicon trackers (pixel and microstrip)

* Gas trackers (with measurement of the

transition radiation, TRT)

EM Calorimeters: 0/E = 10%//E ¢ 0.7% * Solenoid (2 T)
excellent e/y identification Prescision Muon Spectrometer: o/p;=10% @ 1 TeV .
good energy resolution (e.g. for H = yy) fast trigger response Electromagnetlc
good momentum resolution C alorimeter:

(e.g. A/Z = nu, H— 4u)

* Sampling Pb+LAr
Hadronic Calorimeter:

Hadron Calorimeter:

O/E ~BO%/JE & 3% * Fe+scintillator
good jet resolution o
good missing Et resolution LAr teChHOIOgy
(5. H=>%0) Muon System:
* Superconducting
Inner Detector: :
Si Pixel & strips; TRT thoroids
a/pieB 10 pim 0,008 * Precision tracking
good impact parameter res., i.e.
. 0(do) = 15 um @ 20 GeV chambers
- iy (e.g. H— bb) ,
Solenoid (inner detector): 2 T « Trigger chambers

Toroid (muon spectrometer): 05 T
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777 correlation matrix

ggF-0j-p"-Low

17T 17T T T 17T 17T 17T T T°771 1
ATLAS Preliminary_!O.B

.. 20| —— ggF—Oj—p;’—High
ATLAS Preliminary .., [ ] 9gF-1j-p*-Low H - 77* — 4 i
H— 272" 4l 24| ——a— 9gF-1j-p!-Med [sz 607 o3¢ 13 TeV, 139 fb” -10.6
-1 - ' - — —
13 TeV, 139 fb XX i ) . . . . ggF-1j-p’T"-High 000 005 003 0.0 |
Reduced Stage 1.1 -]y | <25 112 14 16 18 2 22 N — 04
H NN, ggF-2] -0.01 -0.06 0.03 020 -0.08
—&— Observed: Stat+Sys SM Prediction " P —
[m Observed: Stat-Only 6-Bfb] (G‘B)SM [fb] ggF-pT-ngh 000 002 001 005 0m oot B —0_2
ggFOj-pf-Low [ 180 + 50 176 + 22 VBF—p:’—Low 000 -001-010 0.16 -0.23 -0.29 0.00
QQF'OI"P:‘High E..a 580+ 100 550+ 50 B VBF-p;’-High 000 000 -0.00 002 001 001 057 0.02 . 7 0
9gF-1j-p}-Low | ‘L;'_i_} 130+ 80 17225 | VH-Had 000 000 -0.10 0.10 014 1042 024 012 010 1 (, 2
9gF-1j-p¥-Med a3 140+50 119+ 19 — 7 -
- 0 — VH-Lep 001 -0.04 -0.01 0.04 -0.07 -0.01 -0.04 -0.01 0.01 -0.03
ggF-1j-p-High a3 2'8 19.7+ 4.1 — -1 -1-04
e [ - ttH [000 001 002 003 008 -0.01 0.03 0.00 001 011007 .
9gF-2j +—a—13 60+ 70 125+ 27 L _
ggF—p;”—High B d - 1 31f|2§ 151+ 42 1 2Z-0j 121 -0.16 005 000 0.00 -0.01 0.00 -0.00 -0.00 0.00 -0.03 -0.00 a - 0 6
VBF‘P?‘LOW B H = 145 if: 86.3+ 3.0 7 ZZ-1j f0.03 001 -0.19 0.12 -0.06 007 -0.00 -0.00 -0.00 -0.03 000 000 008 .
VBFApf-High B ] : 0-330 5.76 + 0.22 7 ZZ-2j 000 000 003 005 005 032 -0.02 0.03 0.00 -0.02 0.00 000 005 004 —0.8
VH-Had E 0 = 3 60 t;g 35'9::; XX 050 000 000 000 000 0.00 0.0 €00 00 .00 000 D04 000 0.0 001
VH-Lep - - g . 0928 165790 ] | N R A B | _1
g " J Zo 1%he :521357525 885050
ttH E . 3 1872 154779 JTdszT LTz ; ; N x
- - T~ Trx T~
1 1 1 1 1 1 1 1 Etc,{g“ :,{191-0,}'-3:?:->>
SeTeEs
-1 0 1 2 3 4 5 6 Lodsiye 8929
55 2 o o
o-Bl(c-B), I
(c) (d

Figure 12: The observed and expected SM values of the cross section ratios o - 8 normalised by the SM expectation
(o - B)swm for (a) the inclusive production and in the Stage-0 and (c) the reduced Stage-1.1 production bins for an
integrated luminosity of 139 fb~'at v/s = 13 TeV. The fitted normalisation factors for the the ZZ and tX X background
are shown in the inserts. Different colours indicate different Higgs boson production modes (or background sources).
The grey vertical band represents the theory uncertainty in the signal prediction. The correlation matrices between
the measured cross-sections and the ZZ and 1 X X normalisation factors are shown for (b) Stage-0 and (d) reduced
Stage-1.1.
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727" systematics

Table 5: The impact of the dominant systematic uncertainties (in percent) on the measured inclusive fiducial cross
section, and on the Stage-0 production mode cross sections. Similar sources of systematic uncertainties are grouped
together - Luminosity (Lum.), electron/muon reconstruction and identification efficiencies and pile-up modelling (e,
1, pile-up), jet energy scale/resolution and b-tagging efficiencies (Jets, flavour tagging), uncertainties on reducible
background (Reducible backgr.), theoretical uncertainties on ZZ* background (ZZ* backgr.) and 1 X X background
(tXX backgr.), and theoretical uncertainties on the signal due to parton density function (PDF), QCD scale and
showering algorithm (Parton shower). The uncertainties on correction factor due to the relative contribution of each
Higgs boson production mechanism (Signal composition) are only applicable to fiducial cross section measurements.
The uncertainties have been rounded to the nearest 0.5%, except for the luminosity uncertainty which has been
measured to be 1.7% and can increase for a measurement due to simulated background.

Experimental uncertainties [ %] Theory uncertainties [%o]

Measurement | Lum. e, 1, Jets, flavour Reducible ZZF tXX Signal

pile-up tagging backgr. | backgr backgr. PDF QCD scale Parton Shower Composition
Fiducial cross section

Ocomb 1.7 2.5 - <0.5 1 <05 <05 2 1 <05
Per decay final state fiducial cross sections
4u 1.7 2.5 - 0.5 1 <05 <05 2 1 <0.5
4e 1.7 7 - 0.5 1.5 <05 <05 2 0.5 <0.5
2u2e 1.7 5.5 - 0.5 1 <05 <05 2 1.5 <0.5
2e2u 1.7 2.0 - 0.5 | <05 <05 2 1 <05
Stage-0 production bin cross sections
ggF 1.7 1.5 1 0.5 1.5 <0.5 0.5 1 2 -
VBF 1.7 1 45 0.5 2 0.5 1.5 8 6 -
VH 1.8 1.5 35 1 5 0.5 2 12 8 -
1tH 1.7 1 4.5 1 | 0.5 0.5 8 4 -
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yy categorization

All Higgs
events,
|yl <2.5

Giada Mancini (LNF INFN)

— l-jet,

STXS Regions

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

P <60GeV -

120 < pt < 200GeV -

—m ggF + gg—Z(—qq)H, —

— > 2-jet,

q99'—Hqq'
(VBF + V H hadronic),

~I—l VH (leptonic decays), {

+- top (i7H.tHq, tHW)

" pbH (merged at all stages with ggF)

p} < 200GeV,

BSM-like
Pl >200GeV -

o pH > 200GeV -

op,]I:! > 200GeV -
ggF, > 2 jet

o pH < 60GeV

not VBF-like,

— P <25Gev
Jike*, —

P > 25Gev

VBF-like*, {

p.Ir”j < 25GeV

pr > 25Gev

......................................................................................... _I:

*VBF-like: mjj > 400 GeV, |ijj| >28
TV H-like: 60 < m;; < 120 GeV

Higgs Hunting 19

60 < p_1r~1 < 120 GeV { ..................................

60 < pH < 120GeV -t

120 < pH <200GeV -{--

ATLAS

EXPERIMENT

INEN

~ LNF

Reconstruction Categories
- ggF 0J Fwd, Cen (28, 29)
- ggF 1] Low (27)
- ggF 1J Med (26)
- ggF 1] High (25)
- ggF 13 BSM (24)

- ggF 21 BSM (20)

-1+ ggF 2] Low (23)

- ggF 2] Med (22)

- ggF 2] High (21)

- VBF low-p%'// BDT tight, loose (18, 19)

- VBF high-p}"// BDT tight, loose (16, 17)
- VH had BDT tight, loose (14, 15)

- gqH BSM (13)

- VH lep High, Low (9, 10)
(Z—vv) VH MET High, Low (11, 12)

—E (Z—(¢) VH dilep (8)

(had decays) ttH had BDT1-4 (4-7)

(lep decays) ttH lep BDT1-3 (1-3)




| INFN| SATLAS
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yy systematics

Table 3: The breakdown of uncertainties on the inclusive diphoton fiducial cross section measurement. The
uncertainties from the statistics of the data and the systematic sources affecting the signal extraction are shown. The
remaining uncertainties are associated with the unfolding correction factor and luminosity.

Source Uncertainty (%)
Statistics 6.9
Signal extraction syst. 7.9
Photon energy scale & resolution 4.6
Background modelling (spurious signal) 6.4
Correction factor 2.6
Pile-up modelling 2.0
Photon identification efficiency 1.2
Photon isolation efficiency 1.1
Trigger efficiency 0.5
Theoretical modelling 0.5
Photon energy scale & resolution 0.1
Luminosity 1.7
Total 11.0
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WW?* systematics (ggF+VBF)

Breakdown of the main contributions to the total uncertainty in oger - By ww*
and ovgr - By_ ww=. The individual sources of systematic uncertainties are grouped
together. The sum in quadrature of the individual components differs from the total
uncertainty due to correlations between the components.

Source AOggr - BH— ww= [%] Aovgr - By ww+ [%]
Data statistics 10 46
CR statistics 7 9
MC statistics 6 21
Theoretical uncertainties 10 19
ggF signal 5 13
VBF signal <1 4
ww 6 12
Top-quark 5 5
Experimental uncertainties 8 9
b-tagging 4 6
Modelling of pile-up 5 2
Jet 2 2
Lepton 3 <1
Misidentified leptons 6 9
Luminosity 3 3
TOTAL 18 57
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WW?* systematics (VH)

Table 6: Breakdown of the main contributions to the total uncertainty in ow gy - Bg_ww+ (left) and oz - By ww+
(right). The individual sources of systematic uncertainties are grouped together. The sum in quadrature of the
individual components differs from the total uncertainty due to correlations between the components. Systematic
uncertainties that affect the shape of the fitted distribution are indicated by an asterix.

Source Aowy - Ba—ww+ [%] Source Aozy - Bag—ww+ [%]
Data statistics in SR 43 Data statistics in SR 50
Data statistics in CR 6 Data statistics in CR <1
Theoretical uncertainties 16 Theoretical uncertainties 15
WZ[Wy*(*) 12 ZH signal 14
Top-quark(*) 8 Top-quark |
WH signal(*) 4 WZ/Wy* <1
VA 2 zzZr <1
Experimental uncertainties 12 Experimental uncertainties 7
Impact parameter mismodelling 8 Misidentified leptons 3
Misidentified leptons 8 b-tagging |
b-tagging |
MC statistics 9 MC statistics 11
Luminosity 3 Luminosity 2
TOTAL 49 TOTAL 54
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