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New results since last year

ATLAS

H- vy with 80 fb-1, Preliminary (LINK)

H - ZZ with 80 fb-1, Preliminary (LINK)

H - WW with 36 fb-1, Submitted to Phys. Lett. B (LINK)

H (125 GeV) combination with up to 80 fb-1, Preliminary (LINK)

CMS

H - vy with 36 fb-1, Accepted for publication in J. High Energy Phys. (LINK)
H - ZZ with 80 fb -1, Preliminary (LINK)

H - WW with 36 fb-1, Submitted to Phys. Lett. B (LINK)

H (125 GeV) combination with 36 fb -1, Submitted to Eur. Phys. J. C (LINK)
Covered in other talks:

ATLAS H - Tt with 36 fb-2, Submitted to Phys. Rev. D (LINK)

CMS H - <t with 36 fb -1, Submitted to J. High Energy Phys. (LINK)

V(H - bb) observation with 80 fb-1 by both ATLAS and CMS
(ATLAS PUBLICATION, CMS PUBLICATION)


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-028
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-031
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-040/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-001/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-042/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-031/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-021/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-007/index.html
https://doi.org/10.1016/j.physletb.2018.09.013
http://dx.doi.org/10.1103/PhysRevLett.121.121801

Outline

Higgs production/decays - VH/VBF

Simplified Template Cross-Sections (STXS)
VH/VBF results in H - ZZ from ATLAS / CMS
VH/VBF results in H — yy from ATLAS / CMS
VH/VBF results in H - WW from ATLAS / CMS



Higgs production modes
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VBF cross-section around 1 order of magnitude
less than ggF, VH cross-section around ¥ that
of VBF

Direct HVV coupling in LO VBF/VH production,
while ggF has a fermion loop
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Highest BRs for 125 GeV Higgs are bb, WW, gg

Can't ignore detector signature! e.g.

H - ZZ - 4lis much cleaner than H — bb - jetjet!
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Simplified Template X-Sections
STXS

Goals:
More finely grained measurements than production mode measurements

Reduce theoretical uncertainties folded into measurements
— Shift dominant theory uncertainties to the interpretation level

|solate possible BSM effects into STXS bins designed for BSM sensitivity

Stages:
(increasing granularity)

Stage 0 — Higgs production mode cross-section measurements in |y,| < 2.5
ggF, VBF, VH, ttH

Stage 1 — 31 patrticle level categories (bins)
Current data lacks sensitivity to resolve all Stage 1 categories
— Reduced stage 1 measurements merge stage 1 bins where necessary



VH/VBF H - ZZ — ATLAS

Event categorization and reconstruction level signal composition
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Expected Composition

* Reconstructed event categories aimed at reduced stage 1 STXS measurement
* ggF production dominant even in VBF enriched VH hadronic categories (60-80% ggF)

« BDTs are used to improve the discrimination between production modes in each category



VH/VBF H - ZZ — ATLAS

BDT Discriminants
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VH/VBF H - ZZ — ATLAS

Cross-sections
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STXS Stage 0 Cross-sections:
* VBF observed cross-section 3x larger

than SM prediction

 VH observed cross-section consistent

with SM prediction

—ATLAS Preliminary & exectedsu

B H—ZZ* l‘ Observed: Stat + Sys

13 TeV, 79.8 fb! SM Prediction

— Reduced Stage 1 - |yH| <25

cBlfb] (cB)_, [

9gF-0j : | 870+ 165 720 £ 50 :
ggF-1j-ph-Low | —_ 100105 170220
9gF-1j-p-Med | - 8055 12020
ggF-1j-pTH-High B — 7427 2465 |
goF-2j | — fe0£110  140%30 |
VBF-pjT-LOW B I = 240895  §72%27 |
VBF-P’.T-High s : - 30 +25 4155 4
VH-Had | — 20+100  35.97° E

VH-Lep ,.' 20+ 25 1615 8
L %0 pevun. s v el LT (‘;.SE/S.CL) | .15",“1:‘1,“‘ i

0 2 4 6 8 10

o-B/ ((S-B)SNI

Reduced STXS stage 1 cross-sections

» VBF observed cross-sections: Larger
deviation from SM prediction in the low
leading jet p, category

 VVH observed cross-sections are
consistent with the SM predictions



VH/NVBF H - ZZ - CMS

Event categorization and kinematic discriminant definitions

Full kinematic information from each event is used
— Higgs decays and associated particles extracted using ME calculations
— Used to form kinematic discriminants, e.g.

p\{BF+VH+dec (ﬁ)
’DXE; e = VBE+VH+dec (& o VBS+VVV (& QCD+dec, &
Psig () + VB (my) X (Pg () + P (€2))
VBF+VH-+dec f )
Dlygrdec ~ SVBF+VHtdec, & i \Eé:ivvv = QCD+dec; A\’
Psig €(Q)) + chad-VH (1my,) x (Pbkg (Q2) + Prig (Q2))
Category Leptons Jets Discriminant
VBF-Zjet 4 2.3 (< 1 b-tag) D2jet >05 Categorization order
4 (0 b-tags) Note: ttH not shown
VH-hadronic 4 2-3 (< 1 b-tag) max(D,,.D,,,) > 0.5
4 (0 b-tags)
VH-leptonic 4+1(WH) <3jets (0 b-tags) -
4+ 2 (ZH) v
VBF-1jet 4 1 D, > 0.5

10
Untagged



Events /0.1

VH/NBFH - ZZ - CMS

Kinematic discriminant distributions (2017 dataset)
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Good separation between VBF/VH and other Higgs production modes

- Working as

designed

11



CMS Preliminary 77.4 1" (13 TeV)
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VH/IVBF H — yy — ATLAS

Event categorization and reconstruction level signal composition

ttH lep BDT1 |

ttH lep BDT2 |}
ttH lep BDT3 | |

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

ReconstrLJction Category

VH had BDT tight

VH had BDT loose

VBF High-Hjj BDT tight
VBF High-Hjj BDT loose
VBF Low-Hjj BDT tight
VBF Low-Hjj BDT loose

VH dilep

VH lep High
VH lep Low
VH MET High
VH MET Low
qqH BSM

ggF 2J BSM
ggF 2J High
ggF 2J Med
ggF 2J Low
ggF 1J BSM
ggF 1J High
ggF 1J Med
ggF 1J Low
ggF 0J Fwd
ggF 0J Cen

0 0102030405060.70.809 1
Fraction of signal process / Category

ATLAS Simulation Preliminary

H-yy

m,= 125.09 GeV

Vs =13 TeV

[ ggF
Bl VBF
[ WH
Il qo—ZH
Bl g9—2ZH
B -

[ boH
] tWH
[ tHjb

Reconstructed event categories aimed at
stage 1 STXS measurement
— 29 categories in total!

VH leptonic categories signal composition
~70-80% VH

Hadronic VH 25-40% of signal is VH
— Large ggF contamination

VBF categories signal composition varies
from 25-90% VBF
— Large ggF contamination

13



VHIVBF H — yy — ATLAS

Mass Spectra
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—
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« Signal modeled by a double-sided Crystal Ball function

—
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40

ATLAS Preliminary
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« Continuum background modeled by a function that depends on the region

— background fits are performed in m_ sidebands

» Other backgrounds (e.g. Vyy for VH) are obtained from simulation
— Other Higgs production modes are included in the “Total background” line in the above plots 14



VHIVBF H — yy — ATLAS

Cross-sections

Reduced STXS stage 1 cross-sections

STXS Stage 0 Cross-sections
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VBF and VH observed cross-sections are compatible with the SM prediction
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VHIVBF H - 7 — CMS

Event categorization and reconstruction level signal composition

CMS Simulation H—yy 35.9 fb™' (13 TeV)
W oo+ B veF ttH [l boH B tHq B tHw
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VH LeptonicLoose [N ected events

VH Hadronic [ge] expected events -
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Signal fraction (%) Width (GeV) S/(S+B) int o4

10-25% ggF contamination in VBF and VH hadronic categories



Events / GeV

80

70

60

50 |

40
30
20

10

VH/VBF H - y¥ — CMS

Mass Spectra
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« Signal model for each production process: sum of up to 5 Gaussians
— Final fit function in each category: sum of normalized function for each production process

» Background model: Fit function included as a discrete nuisance parameter

- Exponential, power law, polynomial functions (and more!) are all tried
— Statistical fit penalized for N degrees of freedom in fit function

17
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VBF cross-section and signal strength measurements
are consistent with the SM

VH cross-sections and signal strengths slightly larger
Than the SM prediction.
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VBF H - WW — ATLAS

Post-fit BDT scores (VBF)

A ! T J = - 20——m™mm"m—7mpr—m—m—m—7———7 7
9 2500 :—A TLAS : Zata § l:lncertainty —: -8_ [ — ggf? gll: ATLAS y
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£ S __HeWW sevav, Nw>2VBF — it o e E s 15f % mestfn VvVs=13 TeV, 36.1 fb :
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e % ] s :
1500F 4 8 ¥ ]
C = 2 1 8 .
ol Z 1 © o05f ]
1000: § 100 : I )
C L _ _ ]
500 50 J 0.0 : 7
0 _0.5_..5. PR A 1 6 R T 1 é PR T .1I0. PR .1I5. P .2I0. I .25
[-1,0.26]  [0.26,0.61] [0.61,0.86] [0.86,1.0] o B [pb]
F* BH-ww*
BDT score 99 ”
Discriminant varinble BDT Best fit of two dimensional likelihood for

BDT input variables |[m,;, Ay,;, mg, Aggg, mp, 3, Cy, Zg,j My, P OVBF*BRH—>WW and OggF*BRH—»WW IS consistent

with the SM prediction
BDT used to enhance discriminating power

between signal (VBF) and backgrounds, Signal strength

including ggF!

pver = 0.627039(stat.) + 0.13(theo syst.) + 0.16(exp syst.) = 0.62+037
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VH/VBF H - WW — CMS

CMS simulation 35.9 b (13 TeV)

509.4 events

0-jet DF ggH-tagged
0-jet SF ggH-tagged 240.3 events
1-jet DF ggH-tagged 313.3 events

1-jet SF ggH-tagged

92.7 events

103.3 events I

2-jet DF ggH-tagged

31.2 events

19.6 events

5.6 events

2.7 events

2-jet DF VBF-tagged
2-jet DF VH-tagged
3-lepton WH-tagged

4-lepton ZH-tagged

0 0.102030405060.70809 1
Signal fraction

Signicant ggF contamination in VBF-
tagged and VH-tagged categories.

WH-tagged (3 lepton) and
ZH-tagged (4 lepton) very pure in
WH/ZH

Il ggH
I VBF

B WH

W ZH

B bbH
ttH

CMS 35.9 fb (13 TeV)
H > WW
_ +0.20)
Cyop/ Osm = 1.24 5 e
~ SM prediction
Oypi/Ogy = 0.24 ::).'27: ly, I <2.5
Sy ep/ Osm = 1.80 jr11.;594:5
Gzmep/ Osm = 0-71 -+01.'7618I
Oyh haa!/ Osm = 12.88 ::;;992 *
| |
—1
10 1 1 9
(0} GSM

VH leptonic and VBF cross-sections are
consistent with SM, VH hadronic cross-
section is larger than the SM prediction

20



Summary

ATLAS

Stage 0 and reduced Stage 1 STXS measurements fromH - ZZand H - yy
— Both preliminary results used 80fb-1 of integrated luminosity
— Generally consistent with SM predictions

VBF H - WW Stage 0 cross-section and signal strength measurement with 36 fb-1
— Consistent with SM prediction

CMS

Stage 0 STXS measurements fromH - ZZ,H - yy,H - WW
- H — ZZ result used 80fb-1 of integrated luminosity, H - yy and H- WW used 36fb-1
— Generally consistent with SM predictions
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BACKUP SLIDES
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H(125GeV) Combination ATLAS

e i e e ke e i e
ATLAS Preliminary Observed +-1 +—=—
Stat. uncertainty
Vs=13TeV, 36.1-79.8 b S/t Uncomainty M
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144 HfE-I
744 TEA
ttH-+tH 77 —y
bo | ] FEqE* ____________________________________
comb.| it viiB et A 0 1 8

—1—050 05 1 152253354

o X B normalized to SM value

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
ATLAS Preliminary e+ Total Stat. B Syst. — SM
Vs=13TeV, 36.1-79.8 fb
my, = 125.09 GeV, ly | < 2.5

Total Stat. Syst.
agF == 1074 500 (6ot ooe)

VBF = 1214 38 (£ g5 . 532 )

WH H— 157: 0% (£ 03,03

ZH H-— Q7AE 2L [ 2y 02y

ttH + tH ==+ 1.22:4 05 (4 037 o+ o00)

IIlI|IIII|IIII|IIII|IIII|IIII|II1I|IIII|III1

0.5 0 0.5 1 1.5 2 2.5 3 3.5 4

Cross-section normalized to SM value

Combined measurements of Higgs production cross-

sections in the ZZ, yy, WW, bb, tt,and pu decay

modes

Not all analyses were performed with the same

integrated luminosity:

- ZZ,vyy, and yu => 80 fb1

- WW and Tt => 36 fb?

- tt(H - bb), ttH multi lep => 36 fb-1

Generally consistent with the SM prediction(s)!
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H(125GeV) Combination CMS

359 fb' (13 TeV)

CM 35.9fb™ (13 TeV)
102 gg—H e Observed _
E == +1G (stat ® syst) 3
3 * — 20 (stat @ syst)
~ SM pridiction
NS 10F VBF E
m
o N ) tiH+tH
N 1 H+Z(ll/vv) 0 E
m C ]
>< -
B 10'E Stage 0 Simplified Template Cross Sections -
; |yH| <25
107 F bb
* WW
N 10 L TT 3
N F *
m 1F 3
i 5 o4 :
m 10 ' pu 3
102} '

« Combined measurements of Higgs production
cross-sections in the ZZ, yy, WW, bb, <<, and pu

decay modes

* Integrated luminosity of 35.9 fb-1 for all analyses

* Generally consistent with SM predictions

CM S e Observed
— 1o interval
vy ' Signal Strength
T X o
[®)) WW ‘
(@)} TT -
bb ; .
MU —e——
" 1Y oL
/7 ——
nzs ——
MU ; ®
YY : ———
% 77 o
WW : °
YY ~—
T 77 -~
N WW —0—
bb &
7 —i—
I WW —e—
= 1T =t
bb PR R | | ._‘._. PR | | L
-4 2 0 4 6 10
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VH/VBF H - ZZ — ATLAS

Event categorization for STXS stage 0 and reduced stage 1

St : Particle level Reduced - Reconstructed event categories
a e . . ’
J production bins Stage 1
=0-jet G ; R N, =0, p* <100 GeV
ggr-yj : j-p;*-Low
P, <60 GeV g ; : p,* <60 GeV
ggF-1j-p/-Low |- 1j-p;*-Low
= 1-jet 60 < p," < 120 GeV 7 g N : g 60<p*<120GeV| N, =1
ggF ggF-1j-p;-Medium ; 1j-p;*-Medium
p;H > 120 GeV P> 120 GeV
ggF-1j-p;-High | 1j-p,*-High
> 2-jets 3
ggk-2/ ; : : p/ <200 GeV
P, < 200 GeV . | VBF-enriched-p/-Low <——————— m, > 120 GeV
VBF-p/-Low X
b p/> 200 GeV _ _ pJ> 200 GeV e
VBF-p/-High . | VBF-enriched-p/-High < b
Hadronic V decay 3 g m; <120 GeV
VH-Had ; VH-Had-enriched
VH : N, =0, p,> 100 GeV
Leptonic V decay 0f-p;*-High
VH-Lep ; N, =5
1 VH-Lep-enriched
. ttH Hadronic
ttH-Had-enriched
ttH ttH ; ttH Leptonic
; ttH-Lep-enriched

115 < m, <130 GeV [~

RN TR 13 Tev. 7981
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All Higgs
events,
|_VH‘ <25

VH/VBF H - yy — ATLAS

Event categorization for STXS

—m 2gF + gg—Z(—qq)H, —

— l-jet,

— = 2-jet, e 120 < pH < 200GeV -1---
P < 25 Gev

STXS Regions

120 < pH < 200GeV {

e pH < 60 GeV

not VBF-like,

VBF-like*, —

« pi'7 > 25Gev

60 < p;l < 120GeV * .................................. .

(e 60 < pHl < 120GeV -oferie

Reconstruction Categories

r- ggF 0J Fwd, Cen (28, 29)
t- ggF 1J Low (27)
gF 1J Med (26)
- ggF 1J High (25)
gF 1] BSM (24)

- ggF 2] BSM (20)

- ggF 2J Low (23)
gF 2] Med (22)

- ggF 21 High (21)

| g 94’ Haq
(VBF + V H hadronic),

+l V H (leptonic decays), +|:

—
VBF-like* _EPT 7 <25Gev
-like™,

il > 25Gev

- VBF low-p;/ BDT tight, loose (18, 19)
- VBF high-p}/*/ BDT tight, loose (16, 17)

- VH had BDT tight, loose (14, 15)

k. ggH BSM (13)
« VH lep High, Low (9, 10)

(Z—vv) VH MET High, Low (11, 12)
(Z—{{) VH dilep (8)

+. top (tiH,tHq,tHW) ‘ .......................................................................................

m bbH (merged at all stages with ggF)

*VBF-like: m;; > 400 GeV, |Ayj;| > 2.8
TV H-like: 60 < m;; < 120 GeV

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

all

(lep decays) ttH lep BDT1-3 (1-3)
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VH - tautau — CMS

Event Selection
WH selection

pr >20GeV, [n%™| < 2.3,1° < 0.1, " < 0.15, b veto

Channel Trigger (pr/|%|) Lepton selection: pr (GeV) T selection: isolation
eUTh 1(22/2.1) ore(25/2.1) pS > 150r26,p7 >230r15 MVA T, (60% eff.)

UUTh 1(22/2.1) ph >23,ph > 15 MVA T, (60% eff.)

eTh Th e(25/2.1) ps > 26 MVA 1, (55 or 65% eff.)
UThTh 1(22/2.1) ph > 23 MVA 1, (55 or 65% eff.)

ZH selection

Z. boson reconstructed from opposite charge, same-flavor light leptons, 60 < m, < 120 GeV, b veto
T, baseline requirements: p{* > 20, [y™| < 2.3, MVA 7, (65% efficiency)
e baseline requirements: p$ > 10, |¢| < 2.5, MVA ID (90% efficiency)
y baseline requirements: pi > 10, |#| < 2.4, u ID (> 99% efficiency) , I* < 0.25

Channel Trigger (p1/|%|) Lepton selection: pr (GeV)  Lepton selection: isolation

eeuT, " <0.15

eeet, [e1(23/25) &ex(12/25)]  [pF > 24 & pF > 13] e ID (80% eff.), I® < 0.15

eeThTh ore;(27/2.5) or py > 28 baseline selection listed above
eeey e ID (80% eff.), I¢ < 0.15, I < 0.15
HUUTH " <0.15

upetn,  [p1(17/2.4) &ux(8/24)]  [pf' > 18 & pi? > 10] e ID (80% eff.), I¢ < 0.15

HUTh TR Or p1(24/2.4) or pk! > 25 baseline selection listed above
Hueu e ID (80% eff.), I® < 0.15, I* < 0.15
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Events / 10 GeV

VH - tautau — CMS

Mtautau

359" (13 TeV)

40

50 - CMS

ilIIIIIIIIIIIIIIIIII
—
IIIIIIIIIIIIIIIIIIIIIII

T
+ Observed

[zz-a
] Reducible

=== VH, H-11 (1=2.5)

T
[ Jwz— 3w
- Other
- VH, H-1t (u=2.5)

Uncertainty

Events / 20 GeV

35.9fb" (13 TeV)

1
—&— Observed [ zzoa
Il other [ Reducible

VH, H—tt (u=2.5) === VH, H—>11 (1=2.5)

soF. CMS

ZH combined

Uncertainty

Low L9 iHigh L%

g

L L L 1 i * 1 1 T i = 1 e A = . . - - =
D L S S SRRSTT I © S SPRLES P
m.. (GeV)
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VH - tautau — CMS

Cross-section measurement

0.53
ggH =127

_ +0.45
qqH p=113%7

_ +1.68
WH 1=839475
L

1 +1.62
ZH =123 3¢

: _ +0.29
Combined u=1.24 ;-

35.9 fo' (13 TeV)
S SR

2 4

Best fit u = G/GSM

6

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

35.9fb™ (13 TeV)

IIlIIIllllllllllllllllllllllll

I

IIIIIII

CMS

[ 68% CL - Combined, H—tt
[__] 95% CL - Combined, H-tt
-------- 68% CL - ggH + VBF, H—1t
----- 95% CL - ggH + VBF, H—1t

+ Best fit

‘ Expected for a 125 GeV SM Higgs boson

v by by by by ey by e by b by by

(@)

02 04 06 08 1 1.2 14

16 1.8 2
1<V
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