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_ Main production: ggH, VBF, VH, ttH
Higgs story at the LHC Main decay: YY, ZZ, WW, tv, bb 9

VH Rare productions and decays?
bb See talk from Martin

80 fb-1 " 140 fb-1

STXS stageO,1

widt, lifetime, fiducial xsec

Fine granularity measurements
Topic of this talk

mass, Spin CP, anomalous couplings See also talk from Kurt

Meng Xiao Higgs cross-section & properties at ATLAS and CMS Moriond QCD, Mar 24, 2019



Measurements in the talk

80 fb-1, 2016+17+(15) data  coupling modifiers, STXS stage"
H— yy, CMS
H— tt, CMS

H combination (yy, ZZ, WW, 1, bb), ATLAS, 2015+16+17

137 fb-1, 2016+17+18 data fiducial xsec, STXS stage1.1

H— ZZ, CMS
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Simplified template cross-sections (STXS) ArXiv:1610.07922

STXS: defines xsec in exclusive fiducial regions
minimize theory dependence, maximize experimental sensitivity

(EW qqH) (H + leptonic V')
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H— vy, 2016+17, CMS

CMS-PAS-HIG-18-029

S/(S+B) Weighted Events

Target ggH & VBF production modes

VBF and ggH categories => split to match stage1 bins => split to improve S/B
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H— yy, 2016+17, CMS

CMS-PAS-HIG-18-029
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H— 77, 2016+17, CMS CMS-PAS-HIG-18-032

Events / 0.15 units

Target ggH & VBF production modes
After observation on 2016 data, new techniques applied on 2016 + 17 data
Multi-class Neural Network: one category per process (ggH, VBF, each bkg), 10% improvement
Improved background modeling for genuine taus (embedding) and reducible background (fake rate method)
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H— 77, 2016+17, CMS CMS-PAS-HIG-18-032 9

77.4 0" (13 TeV)
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H combination, 2015+16+17, ATLAS

ATLAS-CONF-2019-005

A combination of major 5 decay modes + ttH + H invisible analyses
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H combination, 2015+16+17, ATLAS AT AS-CONFE-2019-005
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H combination, 2015+16+17, ATLAS AT AS-CONFE-2019-005
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First stage1 combination result with 5 main decay modes
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H combination, 2015+16+17, ATLAS AT AS-CONFE-2019-005
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H combination, 2015+16+17, ATLAS

ATLAS-CONF-2018-054
ATLAS-CONF-2019-005
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H combination, 2015+16+17, ATLAS ATTAS-.CONE-2019-000

Higgs self coupling Aan gives NLO EW corrections on

Higgs production rates Higgs kinematics
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H—- 4l, 2016+17+18, CMS 15,

_ First result with new STXS definition (stage 1.1)

_ — VBF+V (= qq)H

I I I
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H— 41, 2016+17+18, CMS

Events / 4GeV

The first ttH candidate event seen In 4l final state

CMS Preliminary 2016 + 2017 + 2018 137.1 fo™ (13 TeV)
| | | | | | | ] —
| é Data _ CMS Experiment at LHC, CERN
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B I Z+X .
250 — —
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100 — =
50— ¢ -
~ @ Wiadaa
07780 300 400 500

m,, (GeV) M4y = 123.8 GeV
Background suppression discriminant Dpkgkin = 0.75
4 jets with pT> 30 GeV, 1 b-tagged
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H— 41, 2016+17+18, CMS

CMS Preliminary 137.1 b (13 TeV)
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H Gg, (fb)
CMS Preliminary 137.1 b (13 TeV)
IIII|IIII|IIII|IIII|IIIIIIII|IIII|IIII|IIII|IIII ggH_Oj/pT[O,-IO 087+0()2258 I.i_l 0.80
L H—ZZ—-4l ggH-0j/pT[10-200] 1.06%'°| M 253
0579 % et s i m,, profiled ggH-1j/pT[0-60] 0.78°° | |uily ggH 0.88
o . 0 94 011 ggH-1j/pT[60-120] 0.82°4!| |- 0.57
inclusive o0 ggH-1j/pT[120-200] 1.527% | +Hm—| 0.10
. . +1.35
VB Earlier 77 fb-1result: 1.06+0-15 _g 13 9gH-2j/pTI0-60] 1.47.,55 | Frrs— 0.16
o e ] ggH-2j/pT[60-120] 1.59 %, ] 0.23
0.64036(51at) g5 (SY51) ggH-2j/pT[120-200] 1.16%05 | |-4m—| 0.11
ggH-2i/mJJ>350 0.00% 2"m | 0.10
L 5., Q9HPT>200 047, e T ... 007
VH | i | qqH-2j/mJJ[350,700] 1.71,- = | 0.05
1.15%%(stat.) ***(syst.) | | qqH-2j/mJJ>700 0.93% " —a—] 0.07
qqH-3j/mJJ>350 2.89%) = | 0.04
qqH-rest 0. OO*OZ:C?F I 0.25
. aqH-2j/pT>200 O. oo+3’0’5 0.02
o350 2oy [* N © VHRTVI0180] 82T | [ ——e——— 011"
VH/pTV>150 0.00% > m— VH 0.03
o bbb b b b b v by s ba 99':'_21_/@{J-[6-0-1-29]--0-5-71)|;7U--_-. ------------------ Q-()-S---
00.5 1 1.522.533.544.5u5 tthH OO7+000970HIIII|IIII|IIII|IIII|IIII|IIII|IIIIOIIQQIIII
012345678 910
_ — 0 96+0 11 — () 83+O.29 /
MHooH bbH,ttH,H — V- 79 ¢ HVBEVH = V- 09_( 35 G/Ogy,
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H— 4l, fiducial xsec, 2016+17+18, CMS

Oy (10)

0hq = 2.737 055 (stat.) 15 (syst.) fb

osm=2.76 =+ 0.14 b

5.1 (7 TeV), 19.7 b (8 TeV), 137.1 fo™ (13 TeV) CMS Preliminary 137.1 fo' (13 TeV) CMS Preliminary 137.1 fo' (13 TeV)
_||||||||||||||||||’|||||||||||||||||||||||||||||||_ />'\ ettt 3 - | | | | ]
B CMS ] O 1 ¢ Data (stat. ® sys. unc.) ~ — 1 02 _ ¢ Data (stat. @ sys. unc.) .
- - (D Systematic uncertainty - o) - Systematic uncertainty .
- ¢ Data (stat. @ sys. unc.) ’ B - SN gg—H (NNLOPS) + XH - b": ! SN gg—H (NNLOPS + Pythia) + XH i
N Systematic uncertainty ] I 10k G4 gg—H (POWHEG) + XH > _ 10 %47 9g—H (POWHEG + Pythia) + XH E
- ] — - XH = VBF + VH + ttH (POWHEG) (85 . - XH = VBF + VH + ttH (POWHEG + Pythia) .
| =t Standard model T E&E%aig (LHC HXSWG YR4, m =125.09 GeV) N , S (LHC HXSWG YR4, m =125.09 GeV) ’
- LHC HXSWG YR4, m =125.09 GeV - Z|— 10-2L e * = S p(jet) > 30 GeV, I(iet)l <2.5
- | E SIS S bo § i % i
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C ] L®) X ; 1 0_2 = =
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Summary

Many new Higgs measurement results for Moriond, in this talk

80 fb-1 data: STXS stage1 in H—yy, H—=>tt, CMS

80 fb-1 data: H combination on couplings and STXS stage1, ATLAS

137 fb-1 data: STXS stagel1.1 in H— ZZ— 4I, CMS
Improved precision in Higgs measurements

inclusive quantities: ~ 10%

ever finer granularity to probe deviations from the SM, some limited by statistics

Looking forward to further improvements from more analyses on full Run2 and beyond
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More plots
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CMS Preliminary 77.4 b (13TeV)
| | | | | | | | | | | |

| T T |
_ oY —&— (QObservation o
ggH OJ | 1.1822%
— . SM Prediction —
ggH 1J low | 1.32¢
B filed o
ggH 1d med | 07 My PTOTHE
ggH 1J high | 1.7 ¢
ggH GE2J | 08¢
ggH BSM | 22308 —=—
qgH | o8
— S
C..J0O
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77.4 7 (13 TeV)

T
: m, = 125 GeV
T i C M S [Jes%cL [ Joes%cL
\>g .. Preliminary - 68% CL exp. - - - 95% CL exp.
T - e et
%-IS ‘ Expected for 125 GeV SM Higgs
> L
N
= i
151
1 B Y
05
0 | | | | | | | | | | | | | |
~ 1 0.5 0 05 1 15 2 25
w(gg—H,bbH)
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* ggH O-jet and 1-jet <60 GeV: WW > yy > 4
e ggH 1-jet > 60: yy > 4l

° ggH +qgR:yy

e qgH BSM: 17

 VH lep: bb

e ttH, multilepton and yy

ATLAS Preliminary Total - Stat. — Syst.
1 B /B 0.6 1014 (012 4007
{s=13TeV, 36.1-79.8 fbr rr'=zz 86 512 (011 —0.06)
B _/B 063 1035 (+0.22 +o.27)
my,=125.09 GeV, ly |<2.5 b~ 2Z 09 028 {018 —0.22
H B B 0. 1018 (+0.13 4012
p.., =89% ww/P 77 86 516 (0110 -0.11)
SM B /B = 0.g7 1029 (+022 4019
—e—Total Stat. ri/Bzz 87 924 (0190 —0.14)
mem Syst. | SM N . L
Total Stat. Syst.
- +0.18 ,+0.16 +0.09
g9—H, O-jet x B, o 129 517 (015 —0.08)
_iet pH +0.43 ,+0.37 +0.23
gg9—H, 1-jet, p!’ <60 GeV x B, 0.57 541 (o35 —poo)
- < nH +0.38 ,+0.33 +0.18
gg—H, 1-jet, 60 < pr< 120 GeV x B, o 0.87 a4 (_0310 015
- < pH +0.81 ,+0.71 +0.39
99—H, 1-jet, 120 < p!! <200 GeV x B, o= 1.30 575 (o5 —030)
S qiiat pH > +0.84 ,+0.73 +0.43
99—H, = 1et, p7 > 200 GeV x By, e 205 572 (_gpa -032)
> O H +0.56 ,+0.46 +0.32
gg—H, > 2-jet, pr< 200 GeV x B, Ho=H 111 551 (Joa4 _0.26)
+0.45 ,+0.36 +0.27
qq—Hqq, VBF topo + Rest x B, HeH 1.57 535 (_g32 _g.o1)
+1.35 ,+1.31 +0.32
qq—Haq, VH topo x B, —=— 012 443 (441 —0.24)
, +1.51 ,+1.34 +0.69
qq—>Hqq, p_>200 GeV x B,, === 095 145 (459 _079)
1% +1.24 ,+1.02 +0.71
qq—Hlv, p7 <250 GeV x B, F=o— 228 191 (_os5 -055)
v +2.32 , +1.44 +1.81
qq—Hlv, pY =250 GeV x B, = | 191 {49 (1000 —0.66)
+1.26 ,+1.01 +0.76
g99/qq—Hill, p¥ <150 GeV x B, |-qu 0.85 "1=7 (‘pog 100
+1.29 ,+1.02 +0.79
99/Gq—HIl, 150 < p7 <250 GeV x B,  p-=e= 086 413 (L0900 -0.70)
Vs +3.03 ,+1.87 +2.38
99/aq—Hill, p? = 250 GeV x B, =292 ;) ({33 _g71)
+0.39 ,+0.30 +0.24
H +tH X Bz, = 144 533 (027 -0.19)
| | | | | | | | | | | | | | | | | | | | | | | | | | | |
-10 -5 0 5 10 15

Parameter normalized to SM value
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H— ~v

H 77"

H—>WW"

H — 11

H — bb

ttH leptonic (3 categories)
tt H hadronic (4 categories)

tt H multilepton 1 £ + 2 74,4

tt H multilepton 2 opposite-sign £ + 1 74,4
tt H multilepton 2 same-sign £ (categories for 0 or 1 73,,4)

ttH 1 ¢, boosted
ttH 1 £, resolved (11 categories)
ttH 2 ¢ (7 categories)

ttH tt H multilepton 3 ¢ (categories for 0 or 1 74,,4)
ttH multilepton 4 £ (except H— ZZ " — 4¢)
ttH leptonic, H— ZZ"— 44
ttH hadronic, H— ZZ" — 4¢
VH?2¢ V H leptonic 24,75 < pp < 150 GeV, Nigpg = 2
VH 1[¢, pfﬁEffnfss > 150 GeV 20,75 < pr < 150 GeV, Njets 2 3
vg | VH 1 E,‘pff+Effn_lss<15o GeV 20, pr > 150 GeV, Njets = 2
VH ERSS pRSS 5 150 GeV O-jet, pr > 100 GeV 2 £, pp > 150 GeV, Njoys > 3
VH EX, ER™ <150 GeV 1 £ pp > 150 GeV, Nigys = 2
VH+VBF pl > 200 GeV 1 ¢ pyp > 150 GeV, Nigys = 3
V H hadronic (2 categories) 2-jet, m;,; < 120 GeV 0/, p¥ > 150 GeV, Njeq = 2
0 ¢, py > 150 GeV, Niys = 3
VBF, p177 > 25 GeV (2 categories) | 2-jet VBF, pjT1 > 200 GeV 2-jet VBF VBF p1 > 140 GeV VBF, two central jets
vBF | VBF, p%’yjj<25 GeV (2 categories) 2-jet VBF, pjf1<200 GeV (Thad Thaq only) VBF, four central jets
VBF high—mjj VBF +~
VBF low—mjj
2-jet, p%’y > 200 GeV 1-jet, p%ﬁ > 120 GeV 1-jet, my, < 30 GeV, pgg < 20 GeV | Boosted, pp > 140 GeV
2-jet, 120 GeV < pi'i200 GeV l-jet, 60 GeV< pr 120 GeV | 1-jet, my, < 30 GeV, p}? > 20 GeV | Boosted, pp < 140 GeV
2-jet, 60 GeV < pl'i120 GeV l-jet, p < 60 GeV 1-jet, my, > 30 GeV, pf < 20 GeV
ooF 2-jet, pjf’y < 60 GeV 0-jet, p%ﬁ < 100 GeV 1-jet, my, > 30 GeV, pf > 20 GeV

1-jet, pw' > 200 GeV
1-jet, 120 GeV < p1./i200 GeV
1-jet, 60 GeV < pJ'i120 GeV

1-jet, p%’y < 60 GeV
0-jet (2 categories)

0-jet, my, < 30 GeV, p}? < 20 GeV
0-jet, my, < 30 GeV/, pf > 20 GeV
0-jet, my, > 30 GeV, p}? < 20 GeV
0-jet, myy > 30 GeV, p£ > 20 GeV
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Uncertainty source AO_Z;F 9] AJJV‘;T 0] AU(;VWHH 0] AUJZZH Z 1] A(:;:i == 7]
Statistical uncertainties 6.4 15 21 23 14
Systematic uncertainties 6.2 12 22 17 15
Theory uncertainties 3.4 9.2 14 14 12
Signal 2.0 8.7 5.8 6.7 6.3
Background 2.7 3.0 13 12 10
Experimental uncertainties (excl. MC stat.) 5.0 6.5 9.9 9.6 9.2
Luminosity 2.1 1.8 1.8 1.8 3.1
Background modeling 2.9 2.2 4.7 2.9 5.7

Jets, Emss 0.9 5.4 3.0 3.3 4.0
Flavour tagging 0.9 1.3 7.9 8.0 1.8
Electrons, photons 2.9 1.7 1.8 1.5 3.8

Muons 0.4 0.3 0.1 0.2 0.5
T-lepton 0.2 1.3 0.3 0.1 2.4

Other 2.5 1.2 0.3 1.1 0.8

MC statistical uncertainties 1.6 4.8 8.8 7.9 4.4
Total uncertainties 8.9 19 30 29 21
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ATLAS Preliminary
(s =13 TeV, 24.5 - 79.8 fiy” 68% (L =———t—
m;; =125.09 GeV, ly | <2.5
Kz e
bg | —_—
ﬂ,zg B - —
Awz - -
Az | —
hiz | —
A, | p., =85%
T I S T W W K T S R Y N SR SR SR S R L

08 09 1 11 12 13
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POIs Granularity | xp'i2 Ky 10 k17 | Ky [95% C.L.]
XS | | 40773 | [-3.2,11.9
" 1.0753% | [-6.2,144
| | 46755 | [-2.9,12.5
K inclusive 1 1 | : |
1.0752 | [-6.1,15.0
o XS | 1.04%007 | 4.8752 | [-6.7,18.4
Ay VY i _
1.001 007 | 1.0737 | [-9.4,18.9
0.9970 0% 41777 | [-3.2,11.9
Ky, Kp STXS 0,08 1 88 _ o
1.00_008 1.0_44 __6.3, __4.4_
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CMS Prel/m/nary 137.1 b (13 TeV) 5 CMS Preliminary 137.1 fb™ (13 TeV)

| | III|III|III|III|III|III.III|III|III|III

M 2016 Data (35.9 fb™)
A 2017 Data (41.5fb™)
¢ 2018 Data (59.7 fb™)

m—— Systematic uncertainty

S gg—H (NNLOPS) + XH

44444 gg—H (POWHEG) + XH

3 BRI IR R R IR RRER I:I XH = VBF + VH + ttH (POWHEG)
22220262026 20% 3260262032 [o2e2020%0 %% % (LH C HXSWG YR4, mH=1 55 09 GeV)

1T B _

¢ Combined Data (stat. ® sys. unc.) = B : : : : : : : _
% 18— A S M /r-\ ........... S - Hﬁ.z.z.ﬁ.l“ ...... ]
=

o, (fb)

o~ .
|IIII|IIII|IIII|IIII

E / proflled
T 1 A

: + best fl'[' _
1 O ] e I .......... e \ ........... ........ -6 8--o-GL ....... _:
A —95%CL =

St B T S T (066666 6d 8 6 be VPO6eeee:

0.5

41 2e2u 4y 4e 0 0.
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ggH-0j/pT[0,10]
ggH-0j/pT[10-200]
ggH-1j/pT[0-60]
ggH-1j/pT[60-120]
ggH-1j/pT[120-200]
ggH-2j/pT[0-60]
ggH-2j/pT[60-120]
ggH-2j/pT[120-200]
ggH/pT>200
ggH-2j/mJJ>350
VBF-1j
VBF-rest
VBF-2j/mJJ[350,700]
VBF-2j/mJJ>700
VBF-3j/mJJ>350
VBF-2j/pT>200
VH-had/mdJJ[60-120]
VH-rest
VH-lep/pTV[0-150]
VH-lep/pTV>150
ttH-lep
ttH-had

Reconstructed category

CMS Simulation Preliminary

137.1 b (13 TeV)

[ ggH-0j/pT[0,10]
B 99H-0j/pT[10-200]
[ 9gH-1j/pT[0-60]
[ 9gH-1j/pT[60-120]

[0 9gH-1i/pT[120-200]

[ 9gH-2j/pT[0-60]

[ 9gH-2j/pT[60-120]
B 9g9H-2j/pT[120-200]
B 9gH/pT>200

B 99H-2j/mJJ>350

[ qqH-2j/mJJ[60-120]
[ qqH-2j/pT>200
B qaqH-2j/mJJ[350,700] B bbH
B qqH-2j/mJJ>700

B qaqH-3j/mJJ>350

B qaqH-rest

] VH/pTV[0-150]
] VH/pTV>150

) tH
Ot

0.2

0.3

0.4

05 0.6

0.7

08 09 1
Signal fraction

Expected
events

25.6
90.8
29.1
14.6
4.38
4.42
6.30
3.71
3.91
1.16
17.6
3.56
1.95
2.25
4.81
1.22
6.77
0.77
1.37
0.36
0.70
1.19

Event Signal Total Background Total Observed
category ggH VBF WH ZH ttH bbH tqH |signal | qq =+ ZZ gg—Z2Z Z+X | expected
ggH-0j/pT[0,10] 2531 0.08 002 002 000 0.14 0.00]| 2557 26.46 0.97 1.19 54.18 61
ggH-0j/pT[10-200] 86.80 1.69 0.54 0.86 0.00 0.90 0.00 | 90.80 35.42 3.79 1548 | 145.49 153
ggH-1j/pT[0-60] 2624 143 050 045 001 043 0.01 | 29.06 10.26 1.19 5.54 46.05 40
ggH-1j/pT[60-120] 1235 124 045 047 0.01 010 0.01 | 14.63 2.76 0.16 3.21 20.76 17
ggH-1j/pT[120-200] 331 0.62 017 026 000 0.02 0.00 | 4.38 0.38 0.00 0.52 5.28 6
ggH-2j/pT[0-60] 368 029 014 0.14 006 0.09 0.02 | 442 0.97 0.15 2.07 7.60 9
ggH-2j/pT[60-120] 517 054 022 022 009 004 0.02| 6.30 0.84 0.07 1.86 9.06 12
ggH-2j/pT[120-200] 290 040 015 0.17 0.07 0.01 002 3.71 0.26 0.00 0.40 4.37 5
ggH/pT>200 272 065 021 024 006 001 0.02 ]| 391 0.16 0.00 0.21 4.28 2
ggH-2j/m]J]>350 082 0.17 0.06 0.05 004 001 0.01 ]| 1.16 0.16 0.02 0.65 1.98 3
VBEF-]j 1417 294 020 018 0.00 012 0.01 | 17.61 2.37 0.43 1.05 21.46 20
VBF-2j/m]]J[350,700] 0.80 1.11 0.01 0.01 000 0.01 0.00 | 1.95 0.08 0.02 0.04 2.09 2
VBEF-2j/m]J>700 043 180 0.00 0.00 000 000 0.00 /| 225 0.02 0.01 0.03 2.31 2
VBE-3j/m]]>350 243 215 0.06 0.07 0.02 003 0.05| 4.81 0.24 0.06 0.96 6.07 6
VBE-2j/pT>200 042 076 001 0.01 001 000 0.01 | 1.22 0.01 0.00 0.03 1.26 0
VBE-rest 240 087 011 0.0 003 004 0.01 ]| 3.56 0.34 0.06 0.74 4.70 2
VH-lep/pTV[0-150] 024 0.04 071 025 0.08 0.02 0.02 | 137 0.82 0.14 0.40 2.72 5
VH-lep/pTV>150  0.02 0.01 021 0.08 0.04 0.00 0.01 ]| 0.36 0.01 0.00 0.02 0.40 0
VH-had/m]JJ[60-120] 4.11 025 1.01 120 0.11 0.07 0.02 | 6.77 0.70 0.05 1.36 8.89 8
VH-rest 056 0.04 0.08 0.07 003 000 0.00/| 0.77 0.08 0.00 0.15 1.01 1
ttH-had 019 0.05 003 0.06 082 0.01 0.03]| 1.19 0.01 0.00 0.45 1.66 2
ttH-lep 0.02 000 002 0.02 060 000 0.03/| 070 0.03 0.00 0.12 0.85 0
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