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Higgs production at LHC

4 production modes at LHC OH(125GeV)

efusion gluon mode dominant, fusion gluon 7
eothers can help improving s/b and are "
sensitive to different Higgs coupling
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Status after LHC run I:

e Signal Strength:

- defined as the ratio of the cross section x BR with respect to the ATEAS and IS & ATLASHOMS
SM - - ATLAS
. B -+~ CMS
- : — 10
p=(0.BR)obs/(0.BR)sm o e T
e ———
==
e Coupling modifiers (i;) : —
;oK) x IV (R) R
o; X BR' = T %2._0_./0_‘.9]\4 —
H J I ww e
w —— U e
“ LATLAS and CMS 9 i = 5
2r . — J J .
"LHC Run 1 7 Ky =1 /T - ————
i — *
| =— 68% CL — i
L " —
[+ Bestfi W —
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Parameter value

| ATLAS +CMS:

. - I observed nu=1.0979°7_4 o-(stat)*°-93_5 o3(exp)*°-°7.0.06(th)
" | |Combined | |H—yy ’ — +0.11
ol [H-zz  [JH-ww ’ _ =1.09 "0-10
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H—-VV in run 2

e Increased cross section

e Large amount of data collected by the experiments (~36fb " in 2016)
= 4Xx increase in number of Higgs wrt runi: Enhanced sensitivity to production

modes for coupling measurements
® Results presented in this talk:

H—ZZ—4l: Signal Strength/Cross ATLAS-CONE-2017-04 CMS-HIG-16-041

section/ Couplings (36fb-1 @ 13TeV) (36fb-1 @ 13TeV)
. . . ATLAS-CONF-2017-032 CMS-HIG-16-041
—2727—4l:
H—ZZ—4l: Differential Cross section (36fb-1 @ 13TeV) (36fb-1 @ 13TeV)
H—ZZ—4l: Tensor/Anomalous ATLAS-CONF-2017-043 CMS-HIG-17-011
couplings (36fb-1 @ 13TeV) (38.6fb-1 @ 13 TeV + comb. with run |’
_ : ATLAS-CONFE-2017-04 CMS-HIG-16-041
PEEE A asSAuCEn (36fb-1 @ 13TeV + comb. with run 1) (36fb-1 @ 13TeV)
Hos WWo 212y ATLAS-CONF-2016-112 CMS-PAS-HIG-16-021
(5.8fb-1 @ 13TeV) (2.3fb-1 + 12.9fb-1 @ 13 TeV)
Phys. Lett B 736 (2014), 64
: Eur. Phys. C(2015) 75:335 (5.1fb-1 @ 7 TeV + 19.7 @ 8 TeV)
Width from offshell ’ ‘ '
(20.3fb-1 @ 8 TeV) CMS PAS HIG-16-033

(12.9fb-1 @ 13 TeV)

Hugues BRUN H—VV decays and Higgs Measurements


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-043/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-041/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-032/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-041/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-043/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-011/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-046/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-041/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-112/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-021/index.html
https://arxiv.org/abs/1503.01060
https://arxiv.org/abs/1405.3455
https://cds.cern.ch/record/2204926/files/HIG-16-033-pas.pdf
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H->ZZ—-4l: Analysis in a nutshell:

CMS Preliminary

35.9 b (13 TeV)

e Signal = 4 isolated leptons, narrow resonancein > [ "
the 41 spectrum S ’
- 2 pairs of opposite sign, same flavour leptons (OSSF): £ [ !
4e, 441, 221, 2u2e =T
_ 77 candidates: Z1 closest to the PDG mass, the other 60—
as 7.2 .
o f
e Backgrounds: -
_ Main irreducible background: non resonant qq—ZZ 201~ |
and gg—77 = estimated from MC (cross section »

e Data

[ ] H(125)
[ d9—ZZ, Zy*
BN g9—7ZZ, Zy*

I Z+X

...........

700 900

corrected with higher QCD orders) 0=80 100 200 300
_ Reducible backgrounds: Z+fake leptons, ttbar = m,, (GeV)
estimated using data driven methods (control
regions)
Channel 4e 4u 2e2yu 4/
e Large s/b ratio, possibility of using kinematic %~ 2~ ff;é%? 32855553 gig}%% 12012135}2%2}93
discriminant based on Matrix Element Zix 211750, | 3447143 | 50021 | 1154+313
Sum of backgrounds | 255.075;7 | 463.57337 | 632.615.7 | 13511750
Signal (mpy = 125 GeV) | 120713 | 23.6+2.1 | 30.0£26 | 657 +5.6
e Analysis in categories: Total expected 267.075:7 | 487.17375 | 662.67 5% | 1416.815;3
Observed 293 505 681 1479

_ sensitivity to the Higgs production mode

_ categories with VBF or lepton tag very pure (but much less statistic)



H->ZZ—-4l: Categories definition

e CMS:

- categories build using cuts
+ kinematic discriminants

- signal extraction using
(m, x Kp) shape

CMS Preliminary 35.9fb™ (13 TeV)

H
Untagged [REEASIECI(OMCVEIE = 3%|:
: Bl WH, W—=X
VBF-1jet Wy exp. events Bl WH, W—Iv
tagged 7ZH. Z—X
VBF-Zjet [ exp. events B ZH, 221
tagged I ttH, tt—=0/+X

B tiH, tt—14X

VH-hadronic -0
2.03 exp. B itH, tt—=2/+X

tagged events

VH-leptonic JRgess exp. events
tagged
VH-MET
tagged 0.12 exp. events

ttH tagged [RUBSION (M-I

0 01 02 03 04 05 06 07 08 09 1
signal fraction

~stage 0 in STXS"

Reconstructed category

VBF-enriched piT -Low
VBF-enriched p‘T -High
VH-Had enriched |
VH-Lep enriched

o ATLAS:

- categories build using
cuts

- signal extraction using
shape of BDT output

J
. . — 0 ggF-0j [ VBF-p. Low
ATLAS Simulation Preliminary gy o 1p"Low 88 VBF-p] High
T -
H - ZZ* = 4l W o) Med L U
| B 9oF-1p High g ttH
13 TeV, 36.1 fb T

B goF-2j B bbH

0j
1 p;‘_'-Low
1 p"T'-Med
1j p3-High

ttH-enriched |
0 0.1 02 03 04 05 06 07 08 0.9 1

Expected Composition

reduced stage 1 in STXS"

"STXS more details in P. Vanlear talk this afternoon
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Signal Strength

CMS Preliminary 35.9 o™ (13 TeV) = | L B A B
L L e —t - iminary Observed-Stat. onl -
12002 77t £ : ATLAS Preliminary ™ “»*"* y :
ggH T2 ™ m,, = 125.09 GeV ! 12—H 272" -4 Expected-Stat. only |
13 TeV,36.1fb" = Expecied .
| =1.057012 - -
Muer = 0'061:82 l— e ) 10-
M ohhaa = Oig:gg " %
+2.78
M hiep = - 000 M
w = 0.00%0 Bt
I | 111 1 | 11 1 1 | 11 1 1 | 11 1 1 | 1 1
0 1 2 3 4 5
u "
CMS: Main uncertainties:
observed |J=1.O5+O‘l5—o.14(Stat)+O'11-o.09(Sy'St)=1.O5+O'19—o.17 ~€Xp: leptons efflglen01es, lumi
expected 1=1.00"915_4 1, (stat)*019_, og(syst) -th: ggf cross section, ggf category

migration

ATLAS:
observed |J=1.28+O'18—0.17(Stat)+O‘O8—o.o6(eXp)+0'08—0.06(th)=1.28+0'21—o.19

Hugues BRUN H—VV decays and Higgs Measurements



Coupling to fermions/bosons

4CMS Preliminary 35.9fb™ (13 TeV) MLL T T T T T T T T T ' [T T T
S ' ' ' ' ] 3 50 ATLAS Preliminary + BestFit -
LL - — o | . eaeaes % . ]
03.5F A2z’ —~dl o " H—> 77" > 4l 680/ CL Obs .
= my = 125.09 GeV 4 3F 13 TeV. 36.1 fb° 95% CL Obs.
3 — 68%CL E * SM :
- —-95%C.L - 2.5 -
2.5 4 best fit - - :
E ¢ SMm E 2‘_ .
21 ] B E
1.5F = 1.5 E
1 = 1t =
0.5F = 0.5F -
0- ] : O_ 1 | 1 o 1 r

0 2 25 3 0 05 1 15 2
ggH,ttH Ky

signal strength and coupling modifier consistent in 20
with the Standard Model expectation
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Differential cross-section measurements (1)

® Fiducial cross-section:

- Kinematic and other selection cuts consistent with the sensitive

detector acceptance

= minimise extrapolation into experimentally invisible phase

space

- Correction for detector effects (resolutions, efficiencies)

Fiducial phase space definition in CMS:

Requirements for the H — 4/ fiducial phase space

Lepton kinematics and isolation

Leading lepton pr pt > 20 GeV
Next-to-leading lepton pt pt > 10 GeV
Additional electrons (muons) p pr > 7(5) GeV
Pseudorapidity of electrons (muons) 17| < 2.5(2.4)
Sum of scalar pt of all stable particles within AR < 0.3 from lepton <035 pr

Event topology
Existence of at least two same-flavor OS lepton pairs, where leptons satisfy criteria above
Inv. mass of the Z; candidate 40GeV < myz, <120GeV
Inv. mass of the Z, candidate 12GeV < my, < 120GeV
Distance between selected four leptons AR({;,£;) > 0.02 for any i # |
Inv. mass of any opposite sign lepton pair Myt - > 4GeV

Inv. mass of the selected four leptons 105 GeV < myy < 140 GeV

Use of dressed
leptons in both
ATLAS and CMS



Differential cross-section measurements (2)

e Signal extraction:

- fit of the m4l resonance in both

ATLAS and CMS (no kinematic t4- L
. . . ~ ATLAS Preliminary — Purity 1
discriminant to be model 12F-H 27z >4 :
independent) © 13 TeV, 36.1 fb" -Correctlon factor E
1E |

. .. 0.8 -
e Foragivenbini: - :

N ¢ 0.6}

i, fit : _
Oi.fid = 05 X Az X BR = 0.45 3
d L X C@ B ]
. 0.2 N
- Ai = acceptance at particle level : :
. Ol I TN BT NI A

- Cij = correction for detector b~ 50 100 150 200 250 30[% e3;50

efficiency and resolution Pra

- Ni,fit = number of signal events
event observed



Results :

for the various 41

VErsus vs: final states:

5.1 fb' (7 TeV), 19.7 fb™ (8 TeV), 35. b (13 TeV)
BI _I | ITTTT | TTTI | TTTI | TTTI | TTTI | ITTTT | I | T | T I_ Data
o 6 n CMS Pre/iminary ] ATLAS Preliminary [ ] Syst. uncertainties
o r 1 . m  LHCXSWG ggH @N°LO + XH
of N + Data (stat. @ sys. unc.) ] A2z -4 A HRes 2.3, N°LO+NLL + XH
or i 13 TeV, 36.1 fb™ ¢ MGS5 FxFx + XH
B Systematic uncertainty ] 4+  Powheg NNLOPS + XH
4 B ii\ii\\\i Standard model (m =125 GeV, N°LO gg—H) — L —_— —_
NN H i 0 - 0 0 -
- . =.1.8F =45 Q 90¢
L ‘ - @) C © u
- S 1.6 4 —
3f \‘\%\\\g i : © 80:
- Q\@‘\%\ . 1.4F 3.5 70F
ol ] 1.2F I 3 s =m 60F
L - - - C |
B SRS =3 . 1 2.5 50 A +
B %\\%\g& ] N -
1 55925 _ 0.8F 2 40F *
- _ - | o
- . 0.6 15 + 30F
: pp = (H—=4l)+X - : :
0 ‘_ ] 0.4F 1 20F
T 1 ] | L1111 | 1111 | 1111 | 1111 | 1111 | L1 11 | 1111 | 111 | L1 | T 0 2 B 0 5 105
6 7 8 9 10 11 12 13 14 il ' -
vg (TeV) =. ()] [0} =. [} =. = = T
T < oA & + « g L
= o + o 3 E&E
SN = o @2 9
NI S
N <
[aV}
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Differential cross section in pt(H)

e Higgs boson transverse momentum sensitive to:
- perturbative QCD calculations
- heavy additional particle in the loop would change the high Higgs pr region

- low Higgs pr region is sensitive to the Yukawa coupling of the b and charm quark

CMS Prellmlnary 35.9 fb'! (13 TeV)
; FT I I I | I I I I I I I I | I I I I | I I I T4 ; B T T T T T T T T T ]
O ns } Data (stat ®sys. unc.) | o 0.14— ATLAS Preliminary —e— Data N —
) E _ _ 3 ©) . H—>ZZ" - 4] [ ] Syst. uncertainties _
Al - . Systematic uncertainty O 042 13Tev,36.1 1" {7 HRes k = 1.1, +XH ]
Q0 - 7777 99-H (POWHEG+JHUGen) + XH s = - NNLOPS & = 1.1, +XH .
— 1 0—1 = \: XH = VBE + VH + ttH & 4 :; 0.1 - - MGS5 FxFx k = 1.47, +XH ]
e C S S T SN XH = VBF+WH+ZH+tH+bbH
\I_, i 2 O o p-value NNLOPS = 25% -
i s T =3 08— —
QI__ 10—2 L g - -8 0:08 - H m p-value MG5 FxFx = 42%
Q . i I8 3 0.06— p-value HRes = 21% i
5 _|—| ‘ - » I I i _
= 3L . - -
B 10 E 0.04 ey L -
© ] A - E ]
0.02— ! : —
(D | | | | | | | | | | | | | | | | | | | | | | | — I+ ------- ]
2 PN P SN U 1 ..... T I ..... | N S N N 1 ..... T s | S I RS R - —
o 1% ] 0 Raamas PEEE XX -k«v\\\*\‘\'\\\*\'\\'\\'\‘t\\\’\\“\\\‘\“k\\«xvL'" B 0]
D= O Jorreemrer s T

S iy L > 25- -
o (.8l S ol |} _

o 82 L ] -qc) 15 | ‘
g 0_(2) T T (A T T e E R (e I..i..l ...... - E . A I ._‘,___I ------ I | | --------------------- B

©
0 50 100 150 |-|200 GeV S 0.5 | a
pT( ) [GeV] 0 10 15 20 30 45 60 80 120 200 350
[GeV]
Pra

Hugues BRUN H—VV decays and Higgs Measurements



Oy [TD]

Ratio to POWHEG

Hugues BRUN

Differential cross section in N jets

e number of jets is sensitive to Higgs production mode
composition and to gluon emission

CMS Preliminary 35.9 fb" (13 TeV)
- | | |
1 02 __ + Data (stat.®sys. unc.) _
E m— Systematic uncertainty
- 74474 gg--H (POWHEG+JHUGen) + XH .
105_ [ ] XH=VBF+VH+ttH E
» 72 2 p,>30 GeV, i<2.5 i
g A 3
| [
107 'E e
hl; | | | :
e ———S—S——N— - L
2 L et eaneeanaaaaaas l ....................................................
1 .5 I PR S .
1 2% -
B —— 5 [
0 |

G [fb]

Data/Theory

2.5

1.5

_ ATLAS Preliminary ~ —*— Data _
T H—ZZ* = 4] [ ] Syst. uncertainties ~
13 TeV, 36.1fb” = NNLOPSk = 1.1, +XH ]
- 8 MG5 FxFx k = 1.47, +XH -
‘_ N XH = VBF+WH+ZH+ttH+bbH __
N I H p-value NNLOPS = 33%

|||||||||||||||
—ft—
|||||||||||||

p-value MG5 FxFx = 55% —

S

o NI L 1 I ________ -
0 1 2 >3
Njets

H—VV decays and Higgs Measurements



Higgs pseudo observables (ATLAS)

90

I [

T

I
—+— Data

§ 5 amaseomiy o= .. i  ® Double differential cross section m,, vs m,, is used to put
> — - = 1 Backgrou:d zz* _: b b e e e
M OF v St limits on anomalous couplings within the pseudo-
703 ] Background Z+jets, tt —
5 A | 2 observables framework (Eur. Phys. J. C (2015) 75: 128)
500 o o E - Limits on contact interaction terms between Higgs and leptons
40F o | - left(right)-handed e;(er) assuming lepton flavour universality

__ 10'- L | 1 1 1 1 —'
30 o 50 60 70 80 90 100 110
m,, [GeV] ¢

o [fb]

Data/Theory

20k

10k

0 bin 0 bin 1 bi

25

1.5

n2 bin 3 bin 4
my, VS my, bins

T I
_ ATLAS Preliminary

T
—e— Data

T HoZZ* >4l [ Syst. uncertainties —:
- 13TeV,36.1fb" NNLOPS £ = 1.1, +XH .
- PN MG5 FxFxk=147,4XH
- NN XH = VBF+WH+ZH+ttH+bbH
- p-value NNLOPS = 41% ]
— p-value MG5 FxFx = 54% -
U R N
- PECCLLTALLAALY C SRR \\\\\\\\ %\\\\\\‘\’\\’\\Q

Hugues BRUN
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H—VV decays and Higgs Measurements

| | l | | I I I | | I 1 I I
- ATLAS Preliminary
- H—> 27" —> 4l —— 95% CL Obs

13 TeV, 36.1 b * SM
L e 95% CL Exp

| | I 1 1 | I 1 1 1

l 1 1 1 l 1 1 1 l 1

l_ml\)

-2InA



https://link.springer.com/article/10.1140/epjc/s10052-015-3345-5

Anomalous couplings: (CMS)

e CMS H*—ZZ—4l also performed to constrain possible
anomalous couplings

W Ky Vg7 + KXV‘?%]

Ay

- anomalous coupling to be tested: a2, a3, k2/A2;, k?/(A2Y)?

* * *(1) ,x *(1) 7«
A(HVV) ~ My €316y + a5 ' f ;ug )f @y 4 gYV f wg ) Fr@m

- SM: a1 = 1 + BSM anomalous couplings = 0

- Effectives fractional cross-section and phase can be defined from
that:

fai = |ai 20’1‘/2’“]‘!2% and ¢,; = arg (a;/a1)

_ Use of kinematic discriminants:

Dint —

Dalt —

Psig (ﬁ) + Pait (ﬁ)

Psig (ﬁ) -+ 7Dalt <ﬁ>
contains all the
information available to

separate the interference
component

f discriminate the SM from a given !
t alternative model obtained by
having only ai=1

Hugues BRUN H—VV decays and Higgs Measurements



Anomalous couplings: (CMS)

Kinematic Discriminants used for each f; scan:

Category VBF-jet VH-jet Untagged O- - a3=1 15
Target qq'VV — qq'H = (jj)(4¢) qq — VH — (jj) (4¢) H — 4/ oh+ »a2=1 0
Selection  DyZF or D;gff BM > 05 D5y; or DZZ]I:t BM op not VBF-jet
D2]et or D‘Z/]Ve? PM 05 not VH-jet >
fa3 Obs. Dy, DyPHHdee, DYSE Dok, Dy, DY Dok, D3, DI D4 02 Dgec 02 0.4
. ) D DVBF-I-dec PDVBF D DVH+deC DVH Dike, Ddec , Ddec CP
oz 0bs bkgs “on+ 7 Pint bkss Z0i+ bkgs “0i+ 5.1 0 (7 TeV) + 19.7 o (8 TeV) + 38.6 fb' (13 TeV)
fAl obs. Dbkg/ DVBF—l-dec D(\)/thﬁ-dec Dbkg/ DVH—I—dec Dalhl—_iI_—I—dec Dbkg/ D(/i\elcf Dgﬁi 1 02 :_CMS T (a) :
f[%fly obs. Dbkg/ ,DZ'y VBEF+dec D&Bfl—dec Do ,Dny VH+dec D(\)Ihlf-dec Do DZ’y dec Dgﬁi E — Observed E
e Expected p
Results: —— Observed, 13 TeV
————— Expected, 13 TeV .-
Parameter Observed Expected ] . —
fazcos(¢a3)  0.007555 [—0.38,0.46]  0.00077 010 [—0.25,0.25] c :
fazcos(¢a2)  0.01775 [—0.04,0.43]  0.00077 503 [—0.06,0.19] fj na E
0.08 0.003 - o
farcos(par)  0.02+2%1-0.49,0.18] 0.000+39% [—0.60,0.12] | Fos59 OL ]
F2T cos(¢%7) 0.267030 [-0.40,0.79]  0.000+9919 [—0.37,0.71] 3 E
. 2 =
measurements of anomalous couplings are expressed as -68% CL .
relative cross sections = T
= dominant uncertainty is the statistical uncertainty 0— :
—1 1

No deviation from SM observed

Hugues BRUN H—VV decays and Higgs Measurements



Anomalous couplings: (ATLAS)

e Effective Lagrangian approach for the description of BSM interactions —
Higgs Characterisation Model. (JHEP 1311 (2013) 043 )

Ly = {KSM 381222, 2" + grww W W | assuming no new

_% [ KHgg8Hgg Gl G + tan @k agg8Agg GZVGa,MV] BSM partlcles
below A (1TeV)

e BSM couplings:
- xgvv = CP-even scalar iteration with vector bosons
- Xavv = CP-odd pseudo-scalar iteration with vector bosons
- Kage = CP-odd BSM iteration with gluons

- assumed to be the same for W and Z, a taken as 45 degrees

e SM Higgs:

- KsM = 1, Kuge=1 + other BSM couplings set to 0


https://link.springer.com/article/10.1007/JHEP11(2013)043

Anomalous couplings: (ATLAS)

e Results:

CP-odd coupling to

CP-odd coupling to aluons

CP-even coupling to

vector bosons , vector bosons
:<\ _IIIIIlllll.ll-lllllIIIIIIIIIIII) _IIIIIIIIIII.IIIIIIIIIlllllllllll_ _Illlllllllllllllllllll
~ [ ATLAS Preliminary 30 ATLAS Preliminary - ATLAS Preliminary
= 30 — Observed - — Observed - — Observed
NFH-> ZZF > 4l -H—>Z7" > 4l - H—> ZZ" - 4l
~ 13 TeV, 36.1 fb ---- SM expected ; 25"_13 TeV, 36.1 fo'' .--- SM expected 13 TeV, 36.1 fb’! .--- SM expected
20 :_Observed: Ky = 2.9 20— Observed: [k,,,| = 2.9 - Observed: ficy, | = 0.43

- Expected: k,,,, = 0.0 _ Expected: k,,, = 0.0 | Expected: kg, = 0.00

.
. .

| | l | I 11 1 1 | | I I—

IIIl|IIIIIIIlI|IlIIIlIIIlIIl

I|IIIlllllllllllllllllllllll

155— 15
105— 101~
E - —_ 95% CL™]
S NG e o SO NSO OSSO S Adibeint e N -y A ]
T, ) A N T S 68%CL ; SR SO\
0 Il 1—61 | 1—4 —2 0 2 l 1 1 ] - ‘ Q8l L1 ] 11 4 11 l6[ | I o | 8 ‘ _I1 | | 1 1_0.5 v (Ij L 0.5 I 1 1 | !I
Kiw Kaw Kagg
Agreement with SM 2.30 Agreement with SM 1.40 Agreement with SM 1.80
for xuw for xaw for kage

No deviation from SM observed

Hugues BRUN H—VV decays and Higgs Measurements



Mass measurement:

e CMS: based on a 3D fit:

kin
- 1My, Dmass; D bgk

e ATLAS: fit on m, on a per event basis (kinematic discriminant used for event

selection)
8 QMSIPfe”'T"”IaU{ _ S59%T(13Te) In ATLAS, combination with H—yy :
c | | :
< 7F h ATLAS Preliminary
B L - y
\ B My D'rrass - {S =13 TeV. 36.1 b —e— Total  Stat. [ Syst.
62_ M'y, D'masss Dy - Total  Stat. Syst.
5_ _______ Mg D DA (Stat_omy);; _ LHC Run 1 - -;#, 4 125.09 + 0.24 (£ 0.21+ 0.11) GeV
- - HoZZ7 541 | = : 124.88 + 0.37 ( + 0.37 + 0.05) GeV
- INH ) H—yy — H 125.11+ 0.42 (+0.21+ 0.36) GeV
3 ] j:
- - Combined —— 124.98 + 0.28 ( +0.19 + 0.21) GeV
- i D
2r - N M R RS RS R PR R
B - 124 124.5 125 1255 126 126.5
| N—---AE-. R - my, [GeV]
O: 1 1 1 1 | 1 | 1 1 1 1 1 s °
1945 195 195 5 196 Main syst. : muon momentum scale,
m, (GeV) electron energy scale
In CMS, direct constrain on the

width:
I'u < 1.1 GeV @ 95% CL (mnu floated)

Hugues BRUN H—VV decays and Higgs Measurements
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H-oWW-evuv (CMS)

- analysis in jet categories (0, 1, VBF)
400

e Signal: CMSPreliminary L =12.9/b (13 TeV)
. » 1200 F=DyY © T " T " Nod-prompt ' —
- 2 leptons + MET S T mman
n Systematics
- only the evuv final state used (best b
s/b ratio) -
600

e Backgrounds: 200
- irreducible = WW
- reducible = W+jets, top, DY

i

Data/Expected

e Signal extraction strategy
depending of the category

Hugues BRUN H—VV decays and Higgs Measurements



Analysis strategy: (CMS)

1 # leptons 3l

# jets
: 4 )
4//7\5 WH3I WH3
[ OSSF } [ SSSF }
' 1jet H— WW 2 Jets , \
OJetH*WVVJ {Jet - J [ij regions} WZ 31

v

) /j r\
C+M- M-e+ e+M- u-e+
\_ / \ J |\ J
- N N A / \
U we AL H HE 2 jet H—> WW

[moe) ]

jet VH - WW 2jet VBFH - WW
Top 0 jet Top 1 jet .~ Top2jet ||| |Top 2 jet mjj~V - Top 2 jet high mjj -
DYOjet | ||| DY 1jet | DY2jet ||| |DY2jetmjj~V||{ | DY2jethighmjj

\ AN AN ~/ N\ %
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Analysis strategy: (CMS)

1 # leptons

# jets

: 2 jets
[0jetH—>WVVJ {UetH—»WV\ﬂ [ijrjegionsJ

v Y

[H—)WW

{ Cut based {|]
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Result: (CMS)

CMS Preliminary L=152fb" (13TeV)
category significance | o /ogu % T:»l
0et 27(29) | 09704 G v 28
1-et 2.1 (2.5) 1.1 7904 = ® ﬁ
2-jet 2.0 (1.0) 1.3 1% !
— 6
VBF 2-jet 2.2 (1.5) 1.4 708
- 5
VH 2-jet 10(04) | 2.1+23 o,
WH 3-lep 0.0(0.5) | -1.4 712 I3
—2
combination | 4.3 (4.1) | 1.05 732 P
—0
0 0.5 1 1.5 2 2.5
uggH

Signal strength: Combined with
2015 data (for mu=125GeV) :
U=1.05+0.26

= 1.05::0.25(Stat.)::0.0S(th.)::0.07(SYSt.)

2015 data w=0.89 04
2016 data = 1.4,
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ATLAS HHWW @ 13 TeV

e Analysis done for the VBF and WH productions
- VBF: e/u pair + 2 jet, VBF categorisation with a BDT (+'central jet veto' +

'outside-lepton veto')

- WH: Three leptons (Zq = + 1) + MET, 2 signal region to cope with different
background composition ‘Z-dominated’ and “Z-depleted’

c 350r | ]
>k ATLAS Prehmmary > o z el
£ 300 (5_13Tev, 5.81 " - TO*F:“ - O:fefw E
() - * _
Ll>.l 250 :_ H>WW eHtHe (VBF) = wWw E Other Higgs _:
N HggF HVBF n
Z ]
C Q i ]
L o I i
150F ? 150 3
- S ]
100 310 4
C 3 % 2
= E L. -
0 Top CR Z—->1t CR SR1 SR2
-0.8<BDT<0.7 BDT > 0.7
Fit regions

pver = 1.775%(stat) 5 (sys)

overF - B wwe = 147G (stat) ™7 (sys) pb

c 800 I | | | | | 2
O - . -4 data #% SM (sys) .
~ 7000 ATLAS Preliminary g, Boge
= - Vs=13TeV, 5.81 fb" O vw ] Top ]
2 B00F WH-WWW —ivivy ] OtherHiggs CJWH
500 Y =
400F- // _ @20 E
— ) .
300F S15 =
” 3 -
200 >10 -

3

100 2 5
o

| |
CRd CRe

0

CRa CRb CRc CRc

SR SR
e-fake u-fake Z-dominated Z-depleted

ions

pwa = 3.2 (stat) 52 (sys)

owr - Br—ww+ = 0.97 1L (stat) - (sys) pb
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Indirect Constraints
on Higgs Width
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From off-shell measurement to Higgs width

e Off-Shell production of the Higgs boson in ’ Vo v
VV gives interesting extra information about q H{i q
the coupling structure of the Higgs boson 9 Voo v
- Also sensitive to possible new physics that
changes the interaction between the Higgs and = In the high mass region, interference
the SM particles in this region between gg—H*—VV and gg—=VV is

sizeable and negative in SM

, = Similar for qq =VV + 2 jet and VBF
e Off-shell cross section does not depend on production

total width (I'y) as 0pp-shey dOES:

) < 10— 77— 13

gg—H"—Z7Z7Z o = 3

off-shell _ _ 2 2 0] - ATLAS Simulation s=8TeV ]

go—H =77 _ Hoff-shell = Ky off shell * Kv,off-shell S - 00— ZZ — 2020 -

off-shell, SM = 10 “Hl a G H - 22.(S) E

= - r‘m"-.., . gg-72Z () ]

99—H—ZZ K2 . K2 2 Y —-gg— (H—) 2z -

on-shell . __ g.on-shell  "V.on-shell _8 1034 J 112-..__._ --ee g (H=)ZZ (0 =10)

0_gg—>H—>ZZ - /’tOIl-ShCH - FH/FSM E le: l‘-.l.h . E

on-shell, SM H ;r ae ]

. 4l o - _

- In the SM, assuming that the on peak and 107

the off peak couplings are scaling the J .

same, combined measurement of [y, -shel 107

and ofrshen, can be interpreted as a limit ool
onl'y 200 400 600 800 1000

m,, [GeV]
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Analysis in a nutshell :

e Off shell region:
- H—=7Z7—4l: my>220 GeV

- H—=77—2l2v: ATLAS : 350GeV<mr<1TeV, CMS : 180GeV<mT<1TeV

- H=WW-—evpv: use of mr and mu

e Off-shell signal extraction:

- H—=77—4l: binned maximum-likelihood using kinematic
discriminant (+ m4l for CMS)

_ H—=77—2l2v: binned maximum-likelihood fit to transverse mass
mr

- H=WW-—evpv: MVA or (mT, mn) depending of the dataset and

jet category (CMS) or maximum-likelihood fit is using the event
yields in the signal region and in control regions (ATLAS)
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Analysis in a nutshell :

e Scanning off-shell cross-section with signal strength:

- H—=ZZ—4l: binned maximum-likelihood using kinematic discriminant (+
m4l for CMS)

Expected event rate = UGE T Pﬁ%off_sheu + \/HUGFT PES + Pbgfg

int
VBE VBF |, VBF
+ WVBE " PH, oftshell TV HVBET Ping + Ppig

r=Ty/TPM _
&8 VBF qq9
- HGF PH, on-shell + HVBF 7DI—L on-shell + Pbkg + Pother bkg;

e Systematics from theory are the dominants:
- QCD scale uncertainty for gg—H*—VV and qq—VV
- PDF for qq—VV and gg—VV processes

- Uncertainty due to unknown k-factor for the gg—VV

K(gg —VV)
K(g9 — Hx —» VV)

» CMS: assumes same signal NNLO K-factor for the bkg and adds a 10% syst
uncertainties

» ATLAS: result as a function of rz, =

- Additional 30% uncertainty considered for the interference terms for ATLAS
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Results: Limit on Higgs Width (CMS )

CMS 19.7fb" (8 TeV) + 5.1 b (7 TeV)

_CI L H— WW (observed) - H — WW (expected) ® llmlt Obtained under the assumption
P —— H—ZZ (observed)  ------- H — ZZ (expected ZZ WW — ZZ WW
< 12 s osces Mgg™/Mgg = WVBF™"/LLVBF
1 — H— ZZ+WW (observed)  ------- H — ZZ+WW (expected)
- relaxing it brings the limit @95% CL to
I'n < 15 MeV

e WW decay channel alone: I'y < 26
MeV (expected 66 MeV)
7.7 decay channel alone:
I'n < 22 MeV
(expected 33 MeV)

e p-value of the observed limit = 7.4 %
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Results: Limit on Higgs Width (ATLAS )

e Limit on I'y can be obtained by combining . 47—
the on-shell with the off-shell signal 350 1z otshobonstal ez
30F /s=8Tev: det=20.3fb' — Observed limit (CLs) 3

strength measurement

- Mg and pypr profiled on the data

N

o

I|IIIIIII
|

95% CL limitonI',/ T
N
9]
|
|

—h
()]
TT T 1T

- assume same on-shell and off-shell couplings
(Kg/V, on-shell = Kg/V, off-shell) of

1 | 11 1 | 11 1 11 1 | 11 1 | 11 1 | 11 1 | 11 I:

06 08 1 12 14 16 18 2
RB — K(gg—VV)

H = Klgg—H—WV)

Tei < 227 MeV @ 95% CL for RuB= 1 |
‘ ~ (expected 'n <33 MeV)

8’,40'"""I"'I"""I"""

o ATLAS [ P ]

: SM CC) 35—_ ]|;|—>ZZ+V\]/<W0ff Sh?||7192 ihe” |---;IEXZ;;)ected limit (CLs)_:

e Assuming I'y=I'y™" and kv, on-shell = E a0l rarov fonsns vt (09

Kv, off-shell , CaN interpret result as a 3 o5 E
limit on Rgs = Kg, on-shell/Kg, off-shell 2 20

[ Res < 6.0 @ 95% CL for Ryr-B = 1
[ (expectedRg<9.0)

OEI||||||||||||||||||||||||||||
06 08 1 12 14 16 18 2

RE — K(gg—VV)
H™ " K(gg—H"—VV)
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First Results with 2016 data

e In H*—=Z7Z7Z—4l channel: — QusPeimnay ____eswisten
%) 0.09 105 GeV c
- Constraint on the width from the €., 25 3
first 12.9 fb-1 of 2016 data = 007 |
anaf.ysed 0.06 20
- Addition in the high mass region Zzi: 15
of a 2 jet category, sensitive to - 0
VBF 0.02F -
0.01:— G
O 231255 1241245125 1255 1261265127

m,, [GeV]

| Destiit=001""001GeV |
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Conclusion:

e Already interesting results on H—VV available with run 2
data for both ATLAS and CMS

- precision already comparable compared to run 1 results.

e At present, measurements an properties compatible with
the SM Higgs Boson

e Results are still statistically limited

- by the end of the Run 2, more that ~100fb-1 expected
= precision of the measurement still expected to improve
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