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INTRODUCTION CES

@ Differential cross sections measured in fiducial phase spaces:

@ Extrapolation to full phase space minimized
@ Reproducibility in calculations for future comparisons

@ Exploring Higgs production differentially key to:

® test SM predictions for full spectra of observables of interest
@ probe for BSM hints

® Three channels considered with latest public results from ATLAS and CMS.:

ATLAS Hoyy 35.9 fb1(2016) Phys. Rev. D 98 (2018) 052005

ATLAS Hoyy 79.8 fb1(2015+2016+2017) ATLAS-CONF-2018-028
CMS Hoyy 35.9 fb1(2016) JHEP01(2019)183

ATLAS HoZZ -4l 79.8 fb-1(2015+2016+2017) ATLAS-CONF-2018-018

ATLAS H—H>;Zy—y>4| 36.1 fb-1(2015+2016) Phys. Lett. B 786 (2018) 114

H-=yy
CMS HoZZ—4] 35.9 tb-1(2016) Phys. Lett. B 792 (2019) 369
H—=bb

CMS H—oZZ—4] 137.1 fb-1(2016+2017+2018) CMS-PAS-HIG-19-001

ATLAS HEZZVL” 3 ab-(HL-LHC prospects) ATL-PHYS-PUB-2018-040

H=yy
CMS H—oZZ- 4l 3 ab-'(HL-LHC prospects) CMS-PAS-FTR-18-011
H—bb
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@ Signal is reconstructed by two energetic

oSS e 3BT (13TRY)
phOtonS % EGH_)W 6’?‘ category 1 : 8 15001 l\[S)iztrr:lal+background 1\7\511-‘?;‘;5:er\e/“n715i3n:'51r13/b'1 B
! .a ?) c - S : - ==+ Continuum background mH=125.09’Ge.V :
O Backgrounds are from SM YY:Y], and ) 5 4000: + za:f 1 3 n1+5/B) weighted sum, S = nclusive
. D 5000k — S+Bit 1 5 ol
@ Vertex aSS|gnment 3000; ------ B component 2 10005
® ATLAS : neural network(vertex/track, calorimeter e o ol
pointing) 1000 7 _
@ CMS: BDT combines tracking and calorimeter b, |
information 200 " B component subtracted E%D 602
T . ” . € 40f
® CMS: Categorization in mass resolution R AT TR TR S 8 ool
. . . . 100 i LI" 0f
® Signal is extracted from a fit to di-photon ~ wit N
100 110 120 130 140 150 160 o 17(0Ge\;)80 110 120 130 140 150 160
mass spectrum " m,, [GeV]

The contents of this presentation are the sole responsibility of the University of Split Faculty of Electrical Engineering, Mechanical Engineering and Naval Architecture and do not necessary reflect the views of the European Union.



N
1

3 -

>, HoZZ—4L
— | DATACROSS

@ Signal is fully reconstructed using four - 2ao S Py o zos awoten e
lepton with good momentum resolution G 2z} pram 8100 | ATLAS Preliminary 20 -
SM backgrounds: qqZZ, ggZZ and Z+X 2°°0 DS 1S [ B

— —ZZ, Zy* 7 - eV, 79.8 fb’ Z+jets, tt, tt+V, VVV
® ackg ou!n S.: (944, g9 an. X 20 ] ool " o :
@ Large S/B ratio ~2:1 under the Higgs 1) 160} 16 |
140 |~ 7w
peak 20 % } 1 o
@ Kinematic information for further S/B 1001 + 1 40
80— —
separation: sl ! E
® ATLAS: BDT Kinematic discriminant 40- ; T 20
® CMS: Matrix-element Kinematic discriminant 0F : ; ] 0
BTG S S
® not used in the differential cross section 80 100 120 140 160 80 90 100 110120 130 140 150 160 170
m,, (GeV) m, [GeV]

measurements
@ Categorization in lepton flavour
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35.9 fb' (13 TeV)

O00E NS s e v
7000 L double-b tagger Z =
® Boosted ggH reconstructed from fat jet - passing regior e E
@ SM background: QCD multijet, W/Z+jets, T SN o s
and tt > ook P E
@ Categorization in jet substructure E 3000F- E
® Fit to msp mass distribution B 20005— _E
® Combined in differential pt(H) 1000/ E
measurement 3 ow e — T
® Brings improved sensitivity for high pr bins Z'l—" m 12: ++++ :
R SRORLEE N O

5

%0 60 80 100 120 140 160 180 200
Mg, (GeV)
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® pt(H) probes the perturbative QCD modeling of Higgs production

® 20 - 30% precision with full Run 2 statistics
@ Variations of couplings distort the shape of pt(H)
@ Different models are provided by theorists to describe the shape distortions

_1 " " -1
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@ Results are dependent on the assumptions about BR under coupling variations, two scenarios

studied:
1) BR freely floating
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® Results are dependent on the assumptions about BR under coupling variations, two scenarios

studied:

1)
2) BR scaling with couplings
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@ Y(H) probes the PDFs and Higgs production mode

® measurement precision statistically dominated
® 20 - 30% precision with full Run 2 statistics
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@ Jet kinematics useful for test of modelling of QCD radiation, production mechanism:
1) Number of central jets

N
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@ Jet kinematics useful for test of modelling of QCD radiation, production mechanism:

2) pr of leading jet

The contents of this presentation are the sole responsibility of the University of Split Faculty of Electrical Engineering, Mechanical Engineering and Naval Architecture and do not necessary reflect the views of the European Union.

il A’TIQN
- S N ~ B IN >
10 CMS Prellmlnary“ 137.1 b7 (13 TeV) CO NS w-vY
N E_ I | I I I I | I I I I | I I I I | I I I I —E — — i I i — —_— [ . . | ]
% - ¢ Data (stat. ® sys. unc.) : E 1.4— ATLAS ¢ Combined B % ATLAS Preliminary Hoyy, 15 =13TeV, 798"
I . . i O B | | Syst. uncertainties 5 = i data, tot. unc. syst. unc.
O) L —\ Systematic uncertainty i 2 {2 H— ZZ H —1> YY e NNLOPS (K = 1.1) + XH ] L2 1 <+ ]
B - SN gg—H (NNLOPS) + XH E _— - 13TeV,36.11b SCETIib (STWZ) + XH . " : gg—H default MC + XH
t _ % gg—H (POWHEG) + XH %: ] -:-Ql— ’ RO D | XH = VBF+WH-+ZH-+ttH+bbH ] © n 99—H NNLOJET + XH
i 2 ] 3 - . = ]
— 1 0_1 _ XH = VBF + VH + ttH (POWHEG) S - B B |}} B = e A gg—sH SCETIib (STWZ) + XH |
"G‘J' : (LHC HXSWG YR4, m =125.09 GeV) N © o8k ] ©
=~ 5 | | g - oL - o1E ay <t XH = VBF+VH+itH+bbH |
ZI_ 102 _ p.(jet) > 30 GeV, (jet)l < 2.5 %F _ 06E- E o antik, R=0.4, N, >0
. ®) : -3 3 -] _ E}] IIIIIIIIIIIII N AEa
2 107% ! —=Z 0'42 ] + B
-8 T 0.2 e f{ﬂ """" + - 10°F
1Q‘%;— | I "etetutetet tatet I RIS I et oy —; E\\\\\K‘K"\\\\\\'\ m\m\ﬁ\\\\\\\\\\\\\\{uw@ |
(D " I I I
I A - 1.6 - T o ' ' ' ' ' '
3 Bl L // g 14r m >-<+
= : W Q 1.2 .y — O
o T St S T - b 8 _
S 0.6 § 0.8+ — E Mjacnzfg%ﬂ
B () Lo ~ 0.6 - W — ©
@ O2p e 04+ | | | — g
1 OO 1 50 . 200 O 30 55 75 1 20 J1 G 350 % O I I I I50 I I I I1 OOI I I I1 50I I I I200I I I I250I I I I3010I I l I350
pT(Jet) (GeV) p [GeV] = P [GeV]



=

D, NUMBER OF B-JETS FESS -

@ Jet kinematics useful for test of modelling of QCD radiation, production mechanism:

3) Number of b-jets
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OTHER VARIABLES

=

1) Double-differential measurement as a function of pt(H)xN(jets)
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Ratio to prediction
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2) Characterization of the highest-pr jet produced in association with the H
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3) Measurements related to the second jet associated with H and to the di-jet system

—vYY _ —YY 1 —YY
CMS " 35.9 b (13 TeV) _,CMms W 35.9 b (13 TeV) "
< e — — L L L L L UL L LN L B
%, 103 H— vy (= - H— vy > {LATLAS == gg—H default MC + XH |
% —4— Data, stat @ syst unc. HX = VBF + VH + ttH amC@NLO '—": 12— —4— Data, stat @ syst unc. HX = VBF + VH + ttH aMC@NLO i}? L H—yy, {s=13TeV, 36.1 fb [a gg—H Sherpa (versento) + XH]
— 10° . Systematic uncertainty W ggH aMC@NLO, NNLOPS + HX z 10 ~ | Systematic uncertainty “ ggH aMC@NLO, NNLOPS + HX ; :_+_ Data, tot. unc. [ Syst. unc.- 99—H GoSam-+Sherpa + XH 1
N I L, . ~o e > 30 GeV mlul <47 s ?*Q'_ ==+ XH = VBF+VH+ttH+bbH
Q {QL-P, >30GeV,ln"| <47 ) H aMC@NLO + HX 2 C P, ‘ 777 9gH aMC@NLO + HX <
< m' > 200 GeV, |An'"| > 3.5 % - N o) sl ///// O Anti k, R=0.4, p_>30 GeV
~ O, (H- ) from CYRM-17-002 < B O, (H— ) from CYRM-17-002 o )
c - S
< 6 10 E. . .
10—1 = | - i :
E b W oy . Gra @I; >90 &V).M's 4 % - : :
107 k- | ﬁ T —E . & % ' S
1072 | * 15 : ! : - 5
E..ll.,..,ll.l.ll.,u1.1.11.1.,11.1.1,.1.[.1.1 0_ | | I N T T T e e TSRO NP
30 40 50 60 70 80 90 100 110 120 0 05 1 15 2 25 3 35 4 45 1072 - ———
] p— S 2 - L ol
g 1 é. & 2/, N } % ‘\\\ { /JIZ g 1 H—*—ml AN { [ AW e Q-;
0 e =
=S T N S s Of = . =
o 1 - L s S R
o _2 _:.'. ........................................................................................................................................ o E %
© _3 ;_llllll ........ T ' _2 e reseeesinne e greeeereeees T B [P [rreeereneees oo o Ol o
@ 30 40 50 60 70 80 90 100 110 120 o« 0 05 1 15 2 25 3 35 4 45 S "0 20 40 60 80 100 120 140 160 180 200
j J o W GeV
p: (GeV) | P Y

The contents of this presentation are the sole responsibility of the University of Split Faculty of Electrical Engineering, Mechanical Engineering and Naval Architecture and do not necessary reflect the views of the European Union.



=9 OTHER VARIABLES FESS -

CMS 35.9 b (13 TeV)

o

=

a(H = vv) from CYRM-2017-002

aMC@NLO, NNLOPS

4) As a function of many other interesting variables T* Datastat @syst u.

Systematic uncertainty

fe) - 11 1 17 17 1 17 17T 1T 17 17T 1T 1T 1T 1T T T T T T T 7

s B -1 N -

b"-g pp — H Y E - 13 TeV, 361 fb + gatad d Model Inclusive e84+ 13 fb
= --C,,=0.05 = 100 < pI"** < 200 GeV 036702 b
- N —C,=2x10" . = n vy
— - - pT** > 200 GeV [#——0037,'fb
i + _ i N, =1 .05

-
m
I

T ‘ +037
1 O I Nlepton>1 . 2 -0.20-023 fo

I IIIIII|
-

| - N +36
— Bl . = — +1.8
| t N°>1 —e—1.8" b
B L - - - — ;
- == = mss ’ >l
® TS 1-lepton, low-p_ —e- 0.3 b
= E 1-lepton, high-p™** _ 0.22"%%¥ 1
— _ pron, igh-p; 020
I I R I L[ | | | I -l +0.22
>1-lepton, =1-b-jet 004" b
> @ o) ) 2. 2R Q 28 Q 2 Q o - 2. ! 0,16
% Oi)’ O? %;’ 003 O‘) % Q % \\O P \}Q No‘) :& Q OQ ‘?_‘_ ‘E%? % Og\ dl\.& 6; \\é\ 1 llllllj 1 1 lllJlL[ 1 1 lllllll 1 1 lllllll 11 lllllll
(@] o o (@] % 2\ % (8\ o % {5\ ) ™ \ o o % ({’5\
" o o o &) 2 ‘%63 a i > . , X
p. [GeV] Nigs m; [GeV] Agyl  p [GeV] 10 1 10100 10

Ojq (D)

The contents of this presentation are the sole responsibility of the University of Split Faculty of Electrical Engineering, Mechanical Engineering and Naval Architecture and do not necessary reflect the views of the European Union.



D, HL-LHC PROSPECTS FESS -

® Assumed the performance of the future detector to be comparable to the one in Run2

@ Two different scenarios in the context of the HL-LHC are studied:

@ systematic uncertainties considered to be the same as the Run2
® expected improvements in systematic uncertainties are taken into account. with scaling
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® Assumed the performance of the future detector to be comparable to the one in Run2

@ Two different scenarios in the context of the HL-LHC are studied:

@ systematic uncertainties considered to be the same as the Run2
® expected improvements in systematic uncertainties are taken into account. with scaling
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® Assumed the performance of the future detector to be comparable to the one in Run2

® Two different scenarios in the context of the HL-LHC are studied:

® systematic uncertainties considered to be the same as the Run2
® expected improvements in systematic uncertainties are taken into account. with scaling
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® Assumed the performance of the future detector to be comparable to the one in Run2

@ Two different scenarios in the context of the HL-LHC are studied:

@ systematic uncertainties considered to be the same as the Run2
® expected improvements in systematic uncertainties are taken into account. with scaling
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® Run2 data set allows extensive study of differential Higgs boson cross sections

=

® A variety of measurements are reported using the H—=yy, H—=ZZ*—4| and their combinations

(together with boosted H—bb) from ATLAS and CMS Collaborations:

® pr(H),y(H),N(jets),pr(jet)
@ Double differential cross sections
® Many other interesting variables, not all results shown in this talk

® pt(H) distribution provides a handle to set limits on coupling modifiers variations

® Precision on measurements is still largely statistically limited
® Improved set of results expected from full Run 2 combinations
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