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Run 1: 25 fb-1 at Vs = 7, 8 TeV
Run 2 : 140 fb-! at Vs = 13 TeV
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ATLAS: Higgs mass and width
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ATLAS ~-Total || Stat. only
o) ‘ Run 1: Vs = 7-8 TeV, 25 fb™, Run 2: ¥s = 13 TeV, 36.1 fb ’ Total  (Stat. only)
g Run1H—4] | . : 12451+ 0.52 ( = 0.52) GeV
i Run 1 H—yy ‘ . ' 126.02 = 0.51 (= 0.43) GeV
O Run 2 H—4] =— 124.79 + 0.37 ( + 0.36) GeV
~—
) Run 2 H—yy —=" 124.93 + 0.40 ( = 0.21) GeV
Q‘, Run 1+2 H—4] —— 124.71+ 0.30 ( = 0.30) GeV
< Run 142 H—yy S ——— 125.32 + 0.35 (= 0.19) GeV
00| |-roe Rt T
N Run 1 Combined —e—— 125.38 = 0.41 ( = 0.37) GeV
m Run 2 Combined ———m 124.86 + 0.27 (= 0.18) GeV
i Run 1+2 Combined r—_T—- 124.97 + 0.24 ( = 0.16) GeV
ATLAS + CMS Run 1 —— 125.00 = 0.24 ( = 0.21) GeV
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Run 2 mass measurement:

H — yy systematic dominated - main

source photon energy scale

H— 4¢ (H— 4e, 4u, 2e2u and 2u2e)

statistics dominated

Direct measurement of Higgs width I' : Run 1
H— 4¢ (H — yy) (PRD 90, 052004):

I'n<2.6(5.0)GeV at 95% C.L

Indirect measurement of I'y: Compare on-shell

and off-shell rates, and assuming the
couplings of on-shell and off-shell are the
same:  [off-shell/ Lonshell = Lgr/ TN

I'n <14.4 MeV (PLB 786 (2018) 223)



https://www.sciencedirect.com/search?pub=Physics%20Letters%20B&cid=271623&volume=784&page=345&show=25&sortBy=relevance
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.052004
https://www.sciencedirect.com/search?pub=Physics%20Letters%20B&cid=271623&volume=786&page=223&show=25&sortBy=relevance

CMS: Higgs mass and width

o CMS 35.9 fb' (13 TeV)
g' S L VEL O JHEP 11 (2017) 047
< 7F
NV 6;_ A i Run 2, 36 fb-1: combining H— 4e, 4u and 2e2u
st 1|1 /B mn=125.26 £ 0.20 (stat) + 0.08 (syst) GeV
4?__ ____________________________________________ 1 _ (main systematic: uncertainty in the lepton
F— 1 momentum scale)
3 — 2e2u : —
T —— 4e ! 1
2:__Combined )t _: T lGl1lf?-1|(7lT|eY)|+|19|.7|ft|)-1|(8|-r|e\|/)l+|77|.5| f?-1|(1|3|T?V)
E ...... Combined (stat. only) ’ . : CMS §
1:_ ---------------------------------------------- ( ---------- _: | —— Observed H - ZZ - 4£
O:....I....I....I....I . ....... . . --- Expected
120 121 122 123 124 125 126 127 jol — Observed, 2016+2017
my, (G.eV) | --- Expected, 2016+2017
=
Model independent I'n measurement using on-shell <
QA

production in 105 < m4, < 140 GeV:
'n<1.1GeV at95% C.L.

Best limit on I'y (arXiv:1901.00174) from indirect
measurement: I'n <9.16 MeV at 95% C.L.



https://link.springer.com/content/pdf/10.1007/JHEP11(2017)047.pdf
https://arxiv.org/abs/1901.00174

Simplified Template Cross Section (STXS)

arXiv:1610.07922 arXiv:1605.04692
B The goal with STXS method:

m Maximise sensitivity of

measurements

® Minimise their dependence on the
theory

B Categorise events in exclusive phase
space regions (signal templates) in
different production modes (ggF, VBF,
VH, ttH)

m STXS allows to combine different
decay channels from LHC
experiments

Higgs boson properties are measured
with 36 fb-1 - 137 fb-! (\'s = 13 TeV) for
Higgs boson rapidity |yn| < 2.5
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https://arxiv.org/abs/1605.04692
https://arxiv.org/abs/1610.07922

H —4¢: Four-lepton Invariant mass distribution

® Small branching fraction (0.0124% at mn = 125 GeV), final states are fully reconstructable,
S/B better than 2

B Backgrounds: (irreducible estimated from simulation) production of ZZ via qq annihilation or
gluon fusion, (reducible estimated from data) Z+jets, tt+jets, Zy+jets, WW+jets, and WZ+jets

ATLAS-CONF-2018-018 CMS-PAS-HIG-19-001
CMS Preliminary 2016 + 2017 + 2018 137.1 6" (13 TeV)
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B Cross sections are extracted by minimising twice the negative logarithm of the profile
likelihood ratio (-2 In A)

m BDT is trained to separate the production mode from the others


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-018/
https://link.springer.com/content/pdf/10.1007/JHEP11(2017)047.pdf
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-001/index.html

H — yy: Diphoton invariant mass distribution

B Small branching fraction (0.23% at my = 125.09 GeV), final states are fully
reconstructable, look for a narrow peak on a smooth background

B Backgrounds: SM diphoton production or y+jets, jet+jets (estimated from data)

> 77— CMS Preliminary 77.4 b (13 TeV
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Signal plus background model fit for the sum of all categories, and the
residual plot after subtracting the background


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-028/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-029/index.html

ATLAS-CONF-2018-018

ATLAS: Production mode cross sections from

H —-4¢ and H — yy (Stage 0)

m Measured o x B in different productions mode

B Events splitin 11 (4¢) and 29 (yy) categories
m Good agreement with ggF and VH and ovsr x B is 1.8 higher than SM prediction (in 47¢),
evidence of ttH(H — yy ) with 4.90 observed significance

. 0 ATLAS Preliminar
ATLAS Preliminary |+  exwecteasu N S - 13 TeV. 79 81¥b‘1 e Total Stat. []syst. —— sM
- H— ZZ* l‘ Observed: Stat + Sys —] O| S = ev, : Total Stat Syst
13 TeV, 79.8 b Mt Prodicton 00 Hoyy, ly [ <2.5 otal ( Stat. Syst. )
Stage 0 - IyHI <25 B [fb] (B)_[fb] ) wa
— L st — 8 ggF HE—H 097 07 (+0.141 ‘010
ggF 1220+ 185 1170 = 80 )
L . a LL
zZ R - R +043 [, 4032 +0.29
VBF . 250+85 91.7+28 O VBF | 11140 "5 ( ‘g5 Zo21 )
+
- - O
VH B 50+50 52426 I VH I [ —| | 108 *0%9 ( +0.53 +0.26 )
L * A 47 U) I I — 1 . ~0.54 ~0.49 ~0.23
tHH <ZO 15.44:1.1 -
_%f ooy 2| e EE— e T
Inclusive +E| 1570+ 175 1330 = 90
|||||||||||||||||||||||||||||||||||||||||||||||| III|IIII|IIII|IIII|IIII|IIII
c 1+ 2 3 4 5 6 7 8 9 0.5 1 1.5 2 2.5 3
o 22 oBl(oB)g, (6 xB)/(ox B)SM
S 20 ATLAS Preliminary .*. 0a¢ 1
D yg[H—>2ZZ >4 9gF40bH 3

13 TeV, 79.8 fb! . ttH-+tH

16 e = Global signal strength for |yn| < 2.5
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-028/

CMS: Production mode cross sections from

H —4¢ and H — yy (Stage 0)

B Measured cross sections in different productions mode

B Events splitted in 22 (4¢) and 14 (yy) categories

CMS-PAS-HIG-19-001

CMS Preliminary

137.1 fb" (13 TeV)
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filed H—ZZ—4|
m,, profile
HP Gy (fb)
ggH,bbH 0.96%> H 5.55
VBF 06275 | —=— 0.45
VH 113021 | " : 0.27
ttH,tH 0.13%; H——H 0.06
IIIIIIIIIIIIIIIIIIII |IIII|IIII|IIIIIIIIIIII

0051152253354455
O/OSM

py = 0.94709(stat.) T908(syst.)

JHEP 11 (2018) 185

CMS 35.9 fo! (13 TeV)
LA N L L EL L ) I L I I
H—yy § —l— Per process 68% CL
ggH |[1.02%5% § .SM Prediction
VBF | 0% m, profiled |
ttH | 208 § —a—]
WH leptonic | 3077 § | = |
ZH leptonic | 007  w—
VH hadronic | 517 § : = :
R s e B
proc/Otheo
— +0.12 +0.09 +0.07
p,, = 1187 (stat.) Ty 7 (exp.)” 0.06(th.)

(Dominant syst.: photon shower shape modelling, energy scale/resolution,
jet energy scale and luminosity measurement)

With 80 fb-' CMS-PAS-HIG-18-029

—0.07 0.07 o
OgsH _ — 1.15%0.15 99 _ () g+0.4
oM —-0.15 oM o —0.3
(Dominant syst.: lepton ID efficiency & luminosity measurement) ggH CICIH


http://dx.doi.org/10.1007/JHEP11(2018)185
https://link.springer.com/article/10.1007/JHEP11(2017)047
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-001/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-029/index.html

ATLAS: Production mode cross sections from

H —4¢ and H — yy (Stage 1)

ATLAS-CONF-2018-018

— ATLAS Preliminary #  exectedsu — ATLAS-CONF-2018-028
- H—=ZZ* l‘ Observed: Stat + Sys ]
13 TeV, 798 fb-1 SM Prediction T T | T 11 | T 11 | T 11 | T 11 | 1T T | 1T T | L T T
— Reduced Stage 1-ly | <25 — ATLAS Preliminary B
‘B [fb ‘B) [fb te{ Total Stat. @ Syst. SM
| Bl (B, Lol | /s =13 TeV, 79.8 fo'
ggF-0j = 870 = 165 720 = 50 Hoyy, ly | <25 Total ( Stat. Syst. )
_ ] . | +0. +0.
ggF-1j-pH-Low — 100 105 170 = 20 ggF, 0] I-BlEl-I 0.92 g5 (0. e )
T - — . +0.68 +0.43
ggF-1j-pH-Med - + 80 = 55 120 + 20 ggF, 1j, 0<p¢<60 GeV |_qu 1.23 o (£0 Zoa1 )
T - — . H +0.50 +0.43 +0.27
ggF-1j-pH-High — 7527 2425 9gF, 1, 60<p <120 GeV I—Blzl—l 089 o7 ( losz oz )
T — . — ggF, 1j, 120<p"<200 GeV e 1.51 0% ( 170 0%
ggF_zj * 160 = 110 140 = 30 T | 0'56 0'29
. B m T ggF, >=2j —== 0.65 5 (047 T 50 )
VBF-p’ -Low * 240 + 95 872+27 . ’ ’
T — . 5 , ppos qg—Haa, 0<p! <200 GeV === 140 ‘g0 ( Tom Ton )
-p -Hi 30 = 25 10 : :
VBF-pl-High |« R 99F + qa—sHqq, BSM—like j—=s=—{ 0.76 0% ( *9% 1023
VH-Had - + 20100 3697, | 07+ 0.65 0.29
— —] VH, leptonic F—=s=—— 138 "o ( ‘o o5 )
VH-Lep - 20 =25 16577, | +0.44 +037  +0.23
G — <60 yggertt | Toe = il 113 —os { —oss o1 )
ttH I | | | | | | | | | | | | | | (9|5/ |CL) | | | | | _ 11 | I T | | I I | | I I | | I I | | | | | | | | | I | | 11
0 o 4 6 8 10 -2 -1 0 1 2 3 4 )
O,,B/(O,,B)SM (G X B) / (G X B)SM

B |n all regions, measurements are consistent with SM predictions
B Due to finer categorisation, measurements in stage 1 are statistics limited

m Stage 1 theoretical uncertainties are smaller than Stage 0

See talk by S. Tsuno for the details of ATLAS combination .


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/

CMS: Production mode cross sections from

H —4¢ (Stage 1.1) and H — yy (Stage 1)

B Production mode = Split to STXS stage 1.1 (stage 1) bins

for 4¢ (yy) = split to improve sensitivity

B yy (77.4 fb-1) with 24 event categories
B Bins are merged due to limited statistics

m Cross section ratios are constrained to be positive ggH-0i/pT[0,10] 0.87722°

CMS-PAS-HIG-18-029

77.4 b (13 TeV)
T | T T T | T T T | T T

CMS Preliminary
T T | T T T
— H—>yy

—&— (QObservation

. SM Prediction ]
.

m,, profiled —

ggH OJ | 1174
ggH1J low | 15%
ggH1Jdmed | o5
ggH 1J high | 20
ggH 1JBSM | 18
ggH 2J low | o3
ggH2J med | 27
ggH 2J high | o6
ggH 2J BSM | 258
ggH VBF-like | o.0%
qqH 2J-like | 1.3
qqH 3J-like | o0
qgH other | oo+ ~  ®%——H, .
) 0 2 4 6 8
Oproc/Otheo

/| / /////I/////////////////////////////////////

CMS-PAS-HIG-19-001

CMS Preliminary 137.1 fo'' (13 TeV)

I I I. I I I IH;ZZ;4I

m, profiled ogy, (fb)
0.80
ggH-0j/pT[10-200] 1.06%"> 2.53
ggH-1j/pT[0-60] 0.781:° 0.88
ggH-1j/pT[60-120] 0.82%); 0.57
ggH-1j/pT[120-200] 1.52% 0| H+=—] 0.10
ggH-2j/pT[0-60] 1.477% | —+=— 0.16
ggH-2i/pT[60-120] 1.59 > |  H—m— 0.23
ggH-2/pT[120-200] 1.165% | Hm— 0.11
ggH-2i/mJJ>350 0.00% 2 m | 0.10
ggH/pT>200 0.47%)) |- 0.07
qqH-2j/mJJ[350,700] 1.7172) = I 0.05
qgH-2i/mJJ>700 0.93% . —a— 0.07
qqH-3i/mJJ>350 2.89%> = I 0.04
qqH-rest O.OOf’éS‘c‘;3 I 0.25
qqH-2j/pT>200 o.oofgfgc‘f:—I 0.02
VH/pTV[0-150] 3.217 I = I 0.11
VH/pTV>150 0.00% >'m | 0.03
qqH-2j/mJJ[60-120] 0.57% 2 |m1— 0.05

fH.tH 0.07%07 B 110,008,

012345678910
0/0g,
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-029/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-001/index.html

ATLAS H — WW?*: Production mode cross sections

B |nclusive cross section measurements of o x B(H —- WW*) — evuv at 36 fb1
via ggH and VBF

B Three main categories: Ojet and 1jet (ggF) and 2jet (VBF). Finer categorisation
of Ojet & 1jet based on m,, and sub-leading lepton pt

Events / 10 GeV
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PLB 789 (2019) 508
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Oger X B =10.4 £ 0.6 pb (SM prediction)

oygr X B = O.SOfgzg‘z‘(stat) + 0.10(th.)f8:£(syst) pb

oygr X B =0.81 £0.02 pb (SM prediction)
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https://www.sciencedirect.com/search?pub=Physics%20Letters%20B&cid=271623&volume=789&page=508&show=25&sortBy=relevance

CMS: H - WW~*

B Higgs properties H - WW* — 2£2v at 36 fb-1 (different and same lepton flavours
are considered) PLB 791 (2019) 96

CMS 35.9 fb™ (13 TeV)

— 60— CMS 35.9 o™ (13 TeV)
% - tW and tt ww N H ->Ww
(.2. 140:_ :cs\n/pmmpt %\E}; _: GggH/ Ogy = 1.24 T(;).'zzs —
N et E ~ SM prediction Simultaneous fit to
Q; E 7777) Systematic uncertainty E - measure the Cross
$ 100 different flavor, 1jet, prz > 20 Gev o ver/ O =034 Iyl <25 sections in the STXS
80 g - stage O for |yn| < 2.5
GOJ —: Owu lep./ Ogy = 1.80 :1'.69‘:5
= -
20:— _: GZHlep./ Ggy = 0.71 :)1.;5181
3 1.4;: """" e I :
i‘g‘ 1'21 ;_W.. T Oynnaa/Ogw = 12.88 55 _—
-.% 0.8 E_ _z L] L L L1l | | |
S 06 F , , . . 3 »
60 80 100 120 140 10 1 1596
m; [GeV] SM
Vol CMS 35.9 b (13 TeV)
L 3.5 T R —
u=— =128 +£0.10(stat.) = 0.11(syst.)*%1%th.) : | e
OsM ' 3 1| @ Bestfit 16
25 1A sm 14
The best fit values for the two coupling modifiers are used in: | 12
2 2 10
Ky 8
cB(X - H — WW) = KEFUSM Bsm(X — H — WW), E X
H 1 4
_ +0.48 _ +0.08 2
KF = 1‘52—0.41 Ky = 1‘10—0.08 008 1 1.2 1.4 16 0 13


https://www.sciencedirect.com/search?pub=Physics%20Letters%20B&cid=271623&volume=791&page=96&show=25&sortBy=relevance

ATLAS: Differential fiducial cross section
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B Differential cross section as a function of Higgs pr1, Njet, (for yy
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mode also |y,,| and Jet Pt ) are measured
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m High Higgs pr region is sensitive to pQCD and new physics

S
©
:

B Niet is sensitive to QCD and composition of the production modes

PRL 118, 121801 (2017)
(Yo daldpry)(1/o daldpr )sm
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Normalisation to the N3LO listed in K-factor pr.n [GeV]
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CMS: Differential fiducial cross section

B Differential cross section as a function of Higgs pt, Njet, |yH| and Jet Pt are

measured (for yy, measurement is done for jet kinematics)
CMS-PAS-HIG-19-001

arXiv:1807.03825

. -1
CMS Preliminary 137.1 fb™' (13 TeV) . CMS 35.9 fb” (13 TeV)
o | f ' | | | ] > 10°F H= vy
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@) b . ggH aMC@NLO + HX
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T J 10 Ogy(H =) from CYRM-17-002
S 2 (LHC HXSWG YR4, m =125.09 GeV) i o
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ATL-PHYS-PUB-2019-009

ATLAS: Higgs self coupling

B Higgs boson trilinear self coupling (AnHH) contributes at NLO EW . --._ Higgs self
. . . o . \ ener
via Higgs self energy loop corrections and additional diagrams ,  /° - 9y

. _ . . -- - - -
B |ndirect constraint is set to AnnH from single Higgs N //\
m Global fit to single H decays: H — yy, H —» ZZ*, H - WW* H ~ - - 7 Higgs self-coupling
vertex
—77r and VH (H —bb) to extract . q
® |_.uminosity ranging from 36.1 fb-1 to 79.1 fb-1 Tl
V : ' --- H
_oi(ka)  BRg(ka) _ Aynp -
pif(ka) = pi(ka) X pe(ka) = e BR Ky = S g
SM, i SM, i M S : ;
single Higgs production in VBF
= B |
> 1'4; E POIs Granularity | rp119 Ky 10 kx 12 | Ky [95% C.L.]
2 e :
5 [ ] Ky STXS 1 1 —r
B § 1.075% | [-6.2,14.4]
. . 46755 | [-2.9,12.5]
K inclusive 1 1 05
1.0753 | [-6.1,15.0]
1.047005 | 48757 | [-6.7,18.4
on By | STXS 1 “oou | A8-07 | 67,184
1.001 003 | 1.0137 | [—9.4,18.9]
- Oz ! O i
0.2} . 0.9975:0% 41733 | [=3.2,11.9
: ! | ke | STXS oo ) |
W U NN T P RS P P 1.00%, 05 1.0, [—6.3,14.4]
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CMS: Higgs anomalous coupling

CMS-HIG-17-034

B Search for anomalous Higgs boson couplings to electroweak vector bosons with the H—4¢ (¢)

and H—tt (CMS-HIG-17-034) decay channels in VBF and VH using data from Run 1 (25 fb-1)

and Run 2 (80 fb-1)
m HVV amplitude:

~ al

az: CP-even interaction

as. CP-odd interaction (pure pseudo-scalar)

A1: leading momentum expansion

HVV couplings expressed as effective cross-section fractions

and phases (¢ai = arg(ai/ai):

2 ok %
My1€v1€v2

HVV amplitude
parameterised

as a function of fa;

o Gy

2
|a; | o

2
2| a;|”o;

fui =

5.1 fo (7 TeV) + 19.7 fb'(
Trrrrrrrrrrrr T L

'CMS

"\, "7~ Expected, H — tx

8 TeV) + 80.2 fb" (13 TeV)
T LA B LA BLELELE B L
—— Observed
---- Expected
—— Observed, H — 4/¢

---- Expected, H — 4/
—— Observed, H — 1t

Parameter Observed/(1073) Expected / (107)
68%CL  95%CL  68%CL  95%CL
fazcos(Paz)  0.004£027 [—92,14] 0.00+£023 [—1.2,1.2]
faacos(¢2) 0081397 [-1.1,34] 0077  [-4.0,4.2
farcos(par) 0001525  [-04,1.8]  0.001035  [-0.5,1.7
fcos(¢%]) 0.0t [—65,57]  0.072¢  [-11,8.0]

0.2 04 06 08 1
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-034/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-034/index.html

Higgs decay to invisible

B Search for H — invisible (select events with large missing transverse

momentum)
B ATLAS: V(had)H, Z(¢#¢#)H, and VBF
m CMS: ggF, VH and VBF

® |ndirect limits on the spin-independent DM-nucleon scattering cross
section in Higgs-portal models

E
:

m |In EFT, assume WIMP is either fermion or boson and use fu=
arXiv:1809.05937

o
o

Upper limit on By iny
o o
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0.308+0.018
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-054/
http://arxiv.org/abs/1809.05937

CMS-PAS-HIG-18-025

Events /0.1 GeV

PLB 786 (2018) 134

Rare decays

B Probe Higgs-charm couplings via Higgs rare decays
B CMS: Upper limits @95 C.L. set on the branching fractions of H — J/yJ/y and H — Y(nS)Y(nS)

= I -1 r
CMS Preliminary 3751 (13 TeV) CMS Preliminary 37.51f" (13 TeV)
RLs - SICET T T T T3 B(H — JApJip) = 1.5%x10-10
(c?y C —+— Data g - —+— Data ]
> YY T o sinai 5 | T Mode Boson Sgnals 1 B(H — Y1) =2x10°
S 10§ - S 10 -
oo F o F observed expected
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1F E i3 NT i3 3 :
: mparp N B(H = YY) x 10 1.4 1.440.1
i 3 o Nt ] BZ = TM)/) x 10° 2.2 2.8%03
wo'E N\ S e T~ B(Z = YY) x 10° 1.5 1.5+0.1
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B ATLAS: Upper limits @95 C.L. set on the branching fractions of H — J/y(y(2S))y and H —» Y(nS)y
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T ’ B(H — J/b~)[1074] 3.0t 3.5
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- = Background B category o | === Background c=54+1MeV A » a0
601 oz i08e1BMey ] G soak ] B(H — Y(25)7)[107*] 6.2+39 5.9
: i B(H — T(35)7)[107*] 50175 5.7
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I B(Z— T(25)7)[107°] 3.871¢ 1.7
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m,. [GeV]


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-025/index.html
https://www.sciencedirect.com/search?pub=Physics%20Letters%20B&cid=271623&volume=786&page=134&show=25&sortBy=relevance

B Higgs discovery channels are investigated using pp collision data
with integrated luminosity between 36 fb-! and 137 fb-1 at Vs = 13
TeV (LHC Run 2)

® Four main production mechanisms are observed
m Differential cross sections are measured

m Possible BSM contributions are explored
B So far, all the results are in agreement with the SM predictions

B ATLAS and CMS continue to improve the results and search for
deviations from SM with the full LHC Run 2 data (~140 fb-1)
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Higgs Production at LHC

M(H)= 125 GeV

B
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V8 TeV (Run 1) = v13 TeV (Run 2)

o(pp—H) increased by ~2.5
o(pp—ttH) increased by ~4

Gluon fusion process (87%)

Vector Boson fusion (7%)

g g, d3
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Vector Boson fusion (7%)  Vector Boson fusion (7%)

Cross section [pb] at Vs = 13 TeV & mu = 125.09 GeV
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Higgs Production at LHC

S T T I T T T e m H—-> WW*
5 % m High branching fraction
%O-f T T m Poor mass resolution and
éﬁ ﬁ large background
%Oj’?z | BH- ZZ*—4¢ and H — (Zly)y
fyv ; decays
mT - ] B Small branching fraction
F ] B Final states are fully
L reconstructable
101.20 121 122 123 124 125 126 127 128 129 130

M, [GeV] B S/B better than 2

B |_ook for a narrow peak on a
Branching fraction at my = 125.09 GeV:

WW: 21%, ZZ: 2.64% smooth background
Zy:. 0.2% yy: 0.2%
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ATLAS: 11 H -ZZ* —4+¢ categorise

Particle level Reduced Reconstructed event categories
Stage 0 ion bi i
g production bins Stage 1
= 0-jet ; 1 _ N, =0, p <100 GeV
> ggF-0j . 0j-p;*-Low \
H <60 GeV ! p,* <60 GeV
il = ggF-1j-p;"-Low |- 1j-p;“-Low i
= 1-jet 60 < p," <120 GeV : . : ) 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 : A
99F-2j i _ : p/ <200 GeV
pJ <200 GeV : | VBF-enriched-p/-Low |+——— m, > 120 GeV
VBF-p/-Low :
i py/ > 200 GeV " : : | p/>200Gev N, =2
VBF-p/-High . | VBF-enriched-p/-High <———— Jots
Hadronic V decay _ m; <120 GeV
VH-Had A VH-Had-enriched
VH [ N, =0, p,*>100 GeV
Leptonic V decay 0/-p;*-High <
> VH-Lep 1 N, =5
VH-Lep-enriched <
: ttH Hadronic
; ftH-Had-enriched
ttH ttH [ ttH Leptonic
ttH-Lep-enriched

115 <m, <130 GeV |-

Preliminary 13 TeV, 79.8 fb
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ATLAS: H — yy 29 categories

Category label Selection

ttH lep BDT1 Niep > 1, Np_jer > 1, BDTyiq1ep > 0.987

ttH lep BDT?2 Niep > 1, Nyp_jer > 1, 0.942 < BDTyipiep < 0.987

ttH lep BDT3 Niep > 1, Ny_jer > 1, 0.705 < BDTyip1ep < 0.942

ttH had BDT1 Niep = 0, Niets > 3, Np_jer > 1, BDTipnaa > 0.996

ttH had BDT2 Nlep =0, Njets > 3, Nb—jet > 1, 0.991 < BDTttHhaa < 0.996

ttH had BDT3 Niep = 0, Niots > 3, Np_jer > 1, 0.971 < BDTiHhaa < 0.991

ttH had BDT4 Nlep =0, Njets > 3, Nb—jet > 1, 0.911 < BDT{tHhaa < 0.971

VH dilep Niep = 2, 7T0GeV < my, < 110 GeV

VH lep High Niep =1, |mey — 89GeV| > 5GeV, pil 1 > 150 GeV

VH lep Low Niep = 1, |mey — 89GeV| > 5GeV, prt P17 < 150 GeV, Emiss significance > 1
VH MET High 150 GeV < Emiss < 250 GeV, EIsS significance > 9 or EMiss > 250 GeV

VH MET Low 80 GeV < E'El?iss < 150 GeV, E’Tnis'S significance > 8

qqH BSM Niets > 2, prj1 > 200 GeV

VH had BDT tight 60 GeV < mj; < 120GeV, BDTyy > 0.78

VH had BDT loose 60 GeV < mj; < 120GeV, 0.35 < BDTvyg < 0.78

VBF high_p?{ BDT tight  |An;;| > 2, |74+ — 0.5(nj1 + m52)| < 5, p,’;’{{ > 25GeV, BDTHED > 0.47

VBF high-p277 BDT loose  |An;;| > 2, |1y — 0.5(nj1 +mj2)| < 5, pH?? > 25GeV, —0.32 < BDTUER < 0.47

VBF low-p277 BDT tight  |Anj;| > 2, [nyy — 0.5(nj1 +mj2)| <5, pi?? < 25GeV, BDTN. > 0.87
VBF low—p?” BDT loose |An; ;| > 2, [nyy — 0.5(n51 + mj2)| < 5, p?” < 25GeV, 0.26 < BDTOWR < 0.87

ggF 2J BSM Njets > 2, pr' > 200GeV

ggF 2J High Njets > 2, py’ € [120,200] GeV

ggF 2J Med Njets > 2, pr' € [60,120] GeV

ggF 2J Low Njets > 2, py' € [0,60] GeV

ggF 1J BSM Njets = 1, pr’ > 200 GeV

ggF 1J High Njets = 1, p1’ € [120,200] GeV

ggF 1J Med Njets = 1, pr' € [60,120] GeV

ggF 1J Low Njets = 1, pr’ € [0,60] GeV

ggF 0J Fwd Njets = 0, one photon with |n| > 0.95
ggF 0J Cen Njets = 0, two photons with |n| < 0.95
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Differential fiducial cross section

| e | 3‘ i . . I I ]
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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/

CMS: Combination of Production Cross Section

arXiv-18N9 107313
C MS 35.9 o' (13 TeV)

B Combine H— ZZ, WW, yy, tt, bb, and uu at 13 12E  gg—H o Opserved
. —~ : _;2(;(83;;@2 Ss,t) ;
TeV with 36 fb- :8/_ - * H+V(qq) — slofoys) ny ]
. . NS 10 §_ VBF predictio _§
B Compared to the Run 1 results - improvement in i | * ‘ W) z
. . ~ ttH+tH
the precision of the measurements N U3 ' HZ(llivv) ’ E
m ]
u ggH by 50%, Up to 20% for the VBF and VH ;— 10_1;_ Stage 0 Simplified Template Cross Sections _
IyHI <25 ]
CMS supplementary 35.9 fb™ (13 TeV)
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https://arxiv.org/abs/1809.10733

ATLAS: Rare decays

B ATLAS: Branchings fraction of H — J/yY(y(2S)) y and H — Y (nS)y n=1,2,3 and JY — uu,
Y(nS) — uu with 36 fb-1

Observed (expected) background Z signal H signal
m+ - MAass range |GeV] m + - mass range [GeV] for for
81-101 120-130 B=10"° | B=10""
T/ 2.0-3.3 02 (80 £6) | 20 (23.6=E13) | 137 +1.1 222+1.9
»(25) 3.5-3.9 43 (42+5)| 8 (10.0+£08) | 1.82+0.14 2.96 + 0.25
T(1S)~ 9.0-10.0 115 (126 + 8) 9 (13.6 +1.2) 7.8 £ 0.6 10.7 + 0.9
T (2S5) v 9.5-10.5 106 (121 £ 8) 8 (12.6 £ 1.4) 0.9 + 0.5 8.1+ 0.7
Y(35)~ 10.0-11.0 112 (113 + 8) 7 (10.6 £ 1.2) 7.1 £0.6 9.2 £ 0.8
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ATLAS - Higgs self-coupling
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L L L L B B L B (" )

BRBSM

—BR,, /BR})" —BR,/BRY" f

Kj?; + (kq — l)le

llf(K,z~ Kf) .

—BR,,./BR;,. ~ BR/BRY
— BRyyy- / BRow-

L S

BRYY | 5, BRM 2 + (k2 — 1)C]

0.05 production mode | ggF VBF ZH WH ttH
| : Ci x 100 066 0.63 1.19 1.03 3.52
0.9 - -
. Ky 1.049 0932 0947 093 1.014
0-85 E 2 2 2 2 2 2
] Ki KF Ky Ky Ky KF
%80 %5 -0 5 0 5 10 15 20
LY
decay mode H — vy H—->WW* H—-ZZ* H—bb H—>1T
¢/ x 100 0.49 0.73 0.82 0 0
9 ) 9 9 2 ) 9
Ky [.59«;, + 0.07«5 — 0.67ky kp Ky Ky K Kg
f ‘ _ m Kew - accounts for the complete NLO EW correction of the
( ) O'BSM ZBS\/I ( ) 9 N (K,-l - I)Ci production cross section for the process i in the SM hypothesis
] K ? K. — B ) K/‘ K‘: - . . . . . .
HilKa, Ki O-SM H t . IIEW m C, is a process and kinematics-dependent linear coefficient that
\ ) A provides the sensitivity of the measurement to «;

I

ZBM () =
o (K2) | — (2 — 1)6Zn

with 6Zy = —1.536x 107>

29




