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* Higgs boson discovered 7 years ago (ATLAS & CMS) @

o spin-parity, width, boson and fermion couplings

e All measurements consistent with Standard Model
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* From the discovery
to precision in Run2

* Novel decay modes,
anomalous coupling
studies, differ. x-sec
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| Higgs production and decays
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data taking at 7, 8 and 13 TeV

CMS Integrated Luminosity, pp, Vs =7, 8, 13 TeV

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC

* Data taking evolution presented --> _ a2

200

I LHC Delivered: 192.29 b !
[1 CMS Recorded: 177.65 fb!

150/ 1150

* The Run 2 gives a great opportunity

to revisit Run 1 Higgs Legacy results

100 1100

* From observation to precision; and

50 150
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e Data collected in 2016 and 2017

e The simplified template cross
section (STXS) stage framework ;
minimize the theory dependence 10*
of the Higgs boson measurement

e ggF (VBF) with 11(5) Stage 1 bins

CMS Prel/mlnary 77.4 b (13 TeV)
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F and VBF Higgs to diphoton at 13 TeV

CMS PAS HIG-18-029

¢ Data
[[]Z - e*e simulation i
[ ]simulation stat. ® syst. unc. |

0‘\

o o e
0.2 0.4 0.6 0.8 1

Dijet BDT score

Extensive usage of Boosted Decision Trees (BDTs):

photon BDT, vertex ID BDT, vertex probability BDT,

di-photon BDT and di-jet BDT (for categorizations)

Signal plus background fit to all analysis categories,

each weighted by ratio of number of S/S+B events
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d VBF Higgs to diphoton at 13 TeV

CMS PAS HIG-18-029

* Measured cross sections normalized to the corresponding SM prediction:
SM +0.15 _ +0.4

* The results of a seven and thirteen-parameter fit in the STXS framework:
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* The measurements of the Higgs boson

properties (ZZ->4l) with
e Differential and fiducial

Higgs width from on-shell production

* Matrix element discriminants (Dk‘“bkg)

the 2016 data
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boson mass from H->ZZ->4| at 13 TeV

JHEP 11 (2017) 047

CMS 35910 (13 TeV)
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e Three-dimensional fit:

3D 'C (mfw, mass’/ Dbkg)

* H mass measurement:

my = 125.26 = 0.21 GeV
+0.20 (syst.)+0.08 (stat.)
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s boson width from H->ZZ->4| at 13 TeV

PRD 99 (2019) 112003
51 fo" (7 TeV) + 19.7 b (8 TeV) + 80.2 fb™ (13 TeV)

to measure the Higgs width CI\|IIS||||||

— f,=0 (SM-like analysis)
— f,3 cos(¢_,) unconstrained

to the on-shell measurement | — fa€0s(0,,) unconstrained
— f,;,cos(9,,) unconstrained

e Off-shell production method

15
relies on the relative off-shell

2 2
gon-shell  SggHEHZZ T:l 10 B
2 2 < . --- Expected i
off-shell 3ggH8HZZ Qal
1

gg—H*—727 ™ (2mz)2

* On-shell method precisionis s

significantly worse (< 1 GeV)

Parameter Observed Expected

I'y (MeV)  3.275510.08,9.16] 4.1737 [0.0,13.7] 0

0 2 4 6 8 10 12 14
* No anomalous HVV observed I, (MeV)
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couplings from H->ZZ->41 at 13 TeV

e The full LHC Run 2 dataset is utilized CMS PAS RIG-15-001

CMS Preliminary 2016 + 2017 + 2018 137.1fb" (13 TeV)
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3 TeV: Fiducial and differential CS

CMS Pre/{minary | 137.1 Ifb" (13 TeV) CMS PAS HIG-19-001
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Iggs boson Cross Section measurement

PLB 792 (2019) 369
* Combination of H->yy and H->ZZ->4l: 61.1 & 6.0 (stat) &= 3.7 (syst) pb
SM value of 55.6 =2.5pb
CMS 35.9fb" (13 TeV) CMS 35.9 fb' (13 TeV)
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ervation of ttH production at 13 TeV

e Adi t measurement PRL 120 (2018) 231801
Irec ytop u t g t g t

* Constrains BSM inggFloop X ____ o “H “H
« WW, ZZ, tt, bb, yy channels ¢ T g toq t
i 5.1fb 7TeV 197fb 8 TeV) + 35.9 fb' (13 TeV

* Run1+2016 data combined . 35 51 ez; - d‘.?.).*.-.--,f..le)
" ; 51" (7 TeV) + 19.7 o' (8 TeV) + 35.9 fb™ (13 TeV) E CMS jSl(\)/lme;ggcted 1
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* Analysis of 2017 data, also combined with 2016

 H->WW, ZZ ,tt decay modes (multilepton states)
e MVA(BDT) & matrix element (MEM) discriminant

e 2D BDT approach, recursive k-means partitioning

CMS Preliminary 4151 (13 TeV)

+0.46 +0.36 +0.29
u=0.75 043 [ ‘.54 (stat.) 027 (syst.)}

Combined

11+20,

+1.24
p=140"""

2Iss

Best fit p(tiH)

CMS Preliminary

41.5f" (13 TeV)

11+ 27, —@— Observed

-{9- Expected
2lss I =1 s.d. expected

=2 s.d. expected
2lss + 1, -{3- ttH(u=1) injected
3l + T,
4
| L L L1
1 10°

10
95% CL upper limit on p = o/o

SM

Events

Data/pred.

H->multilepton production at 13 TeV

CMS PAS HIG-18-019

CMS Preliminary

4157 (13 TeV)

L 2lss F* p(ttH)=
I~ ¢ Observed

| [ Charge mis-m [ ] Conv.

B W + tWW [Ttz

Uncertainty R Non-prompt
[ JRares

An excess of events
seen in highest bins

Observed (expected)
significance 3.2(4.0)o
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b, yv¥ and ZZ->4| ) production at 13 TeV

CMS PAS HIG-18-030, CMS PAS HIG-18-018, CMS PAS HIG-19-001

. . CMS Preliminar; 41517 (13 TeV,
* Analyses improved and extended with 2017 data g [7 T
. > ; gl:sr;gictie .tf+lf -Sin‘glet
 ttH(bb): MVA (BDTs) and matrix element (MEMs) £ Qe Ovies -
e - [Jtt+2b [l Diboson
. L ol 10° tt+bb Uncertainty 3
* Observed(expected) significance of 3.9(3.5)o s :
s ofiorame PSR o First evidence of ttH(bb)
O ss-Hoyy ™ SB weighted L
2 b S o with improved b-tagger
g g — S+B E . ) .
s o l - Sadgons and the refined analysis ¢
. 2o i =
g (DU | | | |
— 0.2 025 03 035 04 045 05 0.55 06 065
2 * ttH(yy): O or 1 leptons WS Pty i aTen
C%/ _ H—ZZ—4l
0975y St i m, profiled
094 51
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. L ol . 0.54‘§;§(s\t/a?)lzj:()‘:(sysz.) L
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0060 120 730 140 150 160 170 180
MG mEm_—_——————— U U . P
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+1.16 +0.19¢ +0.92 011 (coet N OOETTEDBEEEE A S
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ation of Higgs decay to bottom quarks

PRL 121 (2018) 121801

e Test Yukawa COUpling to down - type quark <5117 (7TeV) + <19.8 b7 (8 TeV) + < 77.2 fb” (13 TeV)
CMS e Observed
H-bb — e
* V(W/Z)H most sensitive production process .| — pe0 s S
VBF 253+098+1.17
* Final states with 0, 1 or 2 leptons & 2 b-jets | =~ 085 +023+037
WH -—- 1.24 +0.29 + 0.24
* Backgrounds: V+jets, ttbar, single top, QCD “'| P
Combined - 1.04 £0.14 £0.14
” 77.2fb'1(13TeV) O;éé:léé%é '9
‘% - CMS ¢ Data Best fit u
: e o .
Fo ez e Deep neural network discriminant for b-tagging
s00] * m(jj) resolution is improved by DNN regression

 Combined with other VH(bb): 4.8(4.9)c obs(exp)
T 60 and H(bb) in ggF, VBF and ttH: 5.6(5.5)c obs(exp)

m(jj) [GeV]

60 80 100

120
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oson production and decay to ttat 13 TeV

CMS PAS HIG-18-032

77.4f0" (13 TeV)

« 2"d|argest BR among the fermionic Higgs decays g W
gk
e x-sec measurement split by prod. & decay mode E 10 ﬁ#
* New NN classification algo used for categorization :
* Four different tt final states -> ey, et,, ut, and 1,1, = Sw
cms 5 log, ,(S/(S+B))
e —— 14855 e DeepCSV b-tagging, hadron-plus-strips for t
—e— U, 0.43792
o ozex * 1hesimplified template cross section (STSX)
¥ 77« Backgrounds: F; and T embedding methods
l—o—l Inclusive ~ 0.757713
e L s 225 5 ¢ Observed (expected) significance: 4.7(6.6)o

Best fit uy = ox/ogu
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boson production and decay to ttat 13 TeV

CMS PAS HIG-18-032

Oina B(H — 7T) = 2.56 4= 0.48 (stat) = 0.34 (syst) pb

; 7741 (13 TeV)
—~
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0.2

77.4 071 (13 TeV)
L CMS m,, = 125 GeV
- [ 68% CL obs. [ 95% CL obs.
Preliminary - 68% CL exp. - - - 95% CL exp.
- e Besti

‘ Expected for 125 GeV SM Higgs boson

When splitinto  o(gg->H,bbH)xBR(H->tt)=1.11 £ 0.81 (stat) + 0.78 (syst) pb
the prod. mode o(VBF+V(qq))xBR(H->tt)=0.34 + 0.08 (stat) £ 0.09 (syst) pb
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Higgs boson decaying to charm quarks

* BR(H->cc) ~20 smaller than H->bb, large QCD bckg CMS PAS HIG-18-031

* V(W/Z)H production, V+jet and ttbar backgrounds

 Two topologies: “resolved jet” and “merged-jet”,
targeting the lower and the higher Higgs boson p;

 Two jet collections: with radiusR=0.4and R=1.5

(13 TeV)
4@ :l\l\llll\l \\\\\\\\\\\\\\\\ |I|I|||I|I‘I\I\| \\\\\
o VZ(z ]
S 90000 CMS = Viaa)

AT s000of- Simulation Preliminary — -

o : 1 Z(I)+jets
- Merged-jet £ W-+udsg ]
70000f- 1L wie
- mm W+cc .
- aeeas VH(H—bb -
60000 - e VH%H:cc)) ]
- 1. Bkg. uncertainty
50000 (VH scaled to total bkg.)]
40000 T =
30000 =
20000 =
10000f e i L7 =
0

o 01 02 03 04 05 06 07 08 09 1

Kinematic BDT

100CMS Simulation Preliminary 2016 (13 TeV)
B BN

[ ttevents
| AK4Jets p; > 20 GeV

- == DeepCSV - CvsB
| === DeepCSV - CvsL

Mistagging rate (b/udsg)

07 g

10 | | | | I I | |

-3 A e b b b b b b b
DeepCSV C_quark tagger 00 01 02 03 04 05 T(;Zgir(;geﬂ(’)igien%?/(c;o

Jet substructure: Cambridge-Aachen algo, PUPPI,
using modified mass drop tagger “soft drop” (SD)

3 channels: “OL” (vvcc), “1L” (lvec) and “2L” (llcc)
Resolved: 95% of VH with p;<200 GeV, high bckg

Merged: 5% of VH, boosted, but low background

M. Dordevic (Vinca, University of Belgrade)
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decaying to charm quarks

CMS PAS HIG-18-031

* Signal extracted using binned likelihood fit in 2 categories, then combined

35.9 fb! (13 TeV) CMS Preliminary 35.9 fo' (13 TeV)
T T T T v v v v I I ' ' ' i
cms o
Preliminary Exp.=79xSM
pp—> VH(H—) CE) Obs.=83xSM
u=37+19(stat.+syst.)
ZH(H— cc)
n=36:24 1L
Exp.=72xSM
=11 M
WH(H-> c8) O0s.=T10xS
1=37+36
oo | 2L
n=20+36 Exp.=57xSM
Obs.=93xSM
L S N [ o S L s
u=30+£28 ob g
Combination e estad
2L Exp=37SM [ 5% expected
= Obs.=70xSM o ex
n=46+29 S [] 95% expected
. . | . . . | . . . .
50 (') 50 0 50 100 150 200
Best fit 95% CL upper limit on u(VH,H—cc)
| Resolved-jet (inclusive) |  Merged-jet (inclusive) 95% CL exclusion limit
resolved-jet merged-jet combination
OL 1L 2L Allchannels | OL 1L 2L All channels (pr(V) < 300GeV) (pr(V) > 300GeV) | OL 1L ol All channels
expected UL | 84 79 59 38 81 88 90 49 expected 4578 7373 7972 7273 5745 37715
observed UL | 66 120 116 75 74 120 76 71 observed 86 75 83 110 93 70
M. Dordevic (Vinca, University of Belgrade) 23 Sep 2019, QFTHEP’2019 19



(Data-Pred.) Data / Pred.

Events / GeV

Invisible Higgs decay
only via ZZ->4v in SM
Sensitive to the BSM:
Higgs as portal to DM
VBF Higgs: large m; &

|An;| and small |Ac|>jj

Main backgr.: V + jets

35 9 fb (13 TeV)

\||\\l||\|||‘|||\|||\\||\l||\ II
10'r CMS ¢ Data .,z )sjets (QCD)3
10° Pred. from \:‘Wl)ll (aco) -z )+jets (EW) |

CR-only fit
W(lv)+jets (EW) Top quark
Woomen W
i . Dibosons \:\ Other bkgs.
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= = ggH(125)—inv. 3

VBF H(125)-inv.
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107 g
10
10°° 3
§ P R B B L ——
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m; [TeV]

(13 TeV)
T 3

Arbitrary units

iggs to invisible decays at 13 TeV

Phys. Lett. B 793 (2019) 520

\ A

A

QQQQ,
g
A\ 4
X
H
4

T T
—— VBF H(125) — inv. |

(13 TeV)
T LI

....... ggH(125) — inv. ,

—— Vijets (EW)

—— V+jets (QCD)

g
A
X
13 TeV)
03[ CMS —VBF H(125) 5 0'3,_ CMS
[ Simulation _ ] > [ Simulation
025 T ggH(125) = inv. 4 g 025F
[ —— Vajets (EW) £ [
[ < [
0.2 0.2F
r —— V+jets (QCD) [
015F  — =
04 |
0.05|—
0: Ll Ll
0 1 2 3 4

7
A
| jjl

‘ l2.J5l ‘ 3
A0, [rac]

Distinctive VBF kin. features: fitting the m;; shape

Additionally, cut-and-count analysis is performed

Slight excess (4 - 10%), inconsistent with the VBF

. Dordevic (Vinca, University of Belgrade)
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CMS 359 (13 TeV) CMS

359 b (13 TeV)

M
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cut-and-count
10 ' —e— Observed

shape analysis
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=== Median expected
- 68% expected

\:’ 95% expected

=== Median expected
- 68% expected
\:I 95% expected
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3001000
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L CMS

o
©
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upper IimitS on the (O-/O-SM) X BR 0'8;_ --e-- Median expected
. 0.7 ;_ . 68% expected
(H->inv) forthe 748 or 13 TeV £ st s omeces

o
)
RERERE

data as well as the combination

©o o
w
BERY

95% CL upper limit on 6 x B(H — inv)/c
o
)

The profile likelihood ratios as
the function of the BR(H -> inv) of |

o
=

Combined 7+8+13 TeV  Combined 13 TeV

Combined 7+8 TeV

gs to invisible decays at 13 TeV

Phys. Lett. B 793 (2019) 520

Expected and observed 95%
CL upper limits on (o/0,,) x
BR(H -> inv) for the SM - like
Higgs boson as f-ion of (m,,)

Shape analysis (left) and cut
and a count approach (right)

491" (7 TeV) +19.7 b (8 TeV) + 38.2 o™ (13 TeV)

-2 A Log(L)

Observed
- - - - Expected

—— Combined 7+8+13 TeV |

Combined 13 TeV

Combined 7+8 TeV
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invisible decays at 13 TeV

Phys. Lett. B 793 (2019) 520

* Interpretation in the context of Higgs - portal models of DM interaction

491" (7 TeV) + 19.7 b (8 TeV) + 38.2 fb" (13 TeV) . 491" (7 TeV) +19.7 b (8 TeV) + 38.2 fb' (13 TeV)
[T 1_4_|||||||| 05 C'\l_' 10_ E T T T T T T T T T T IIIIIT?
~ CMS = § o[ CMS 90% CL limits ]
13f 045 &° "¢ B(H- inv)<0.16 3
[ o LHC best fit P S 10 ]
- = . 3 Higgs-portal I E!
12 —68%GCL 04 7 3 3 iggs-portal models
B % © 10 E S Fermion DM o
11F SM production 0.35 x wF ~—— Scalar DM 3
E i 107 F . . El
£ - g 3 Direct detection E
18 X 03 © 102 —— XENON-1T =
[ ,' é - — LUX B

- : = 10 —— PandaX-Il

0918 E 025 o F —— CDMSLite

f 2 104 —— CRESST-II

" 02 F —— CDEX-10

(2 10°
o~ -
0.15 10 100 L
PR IR I B —47 E ! 1 Lol
0.1
08 09 1 11 12 13 14 10 0 102 e

Ky m, [GeV]

* Most stringent limits for m, smaller than 18(7) GeV (fermion(scalar) DM cand.)
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boson decaying to two muons at 13 TeV

4 PRL 122 (2019) 021801
* Small expected BR of 2.17 x 10 for H->pp 59 (13 TeY)
5 [ cCMs ¢ Data --ggH
w 10° abpy --VBF
* Primary production mechanisms: VBF, ggH | g
wuvvv
104% e,
 BDT to suppress backgrounds: DY, st, ttbar : N
10 E | I
— S
2___,_'_,_|_,_,_,__,_._._|—‘——'__—|_|_‘_t-|_
. . . o 10°
* |terative procedure to optimize categories L
10 359 b7 (13TeV) 10§ —'—1.,_|_'_'._L .......................... :
S = CMS All categories 1;!_4_'_|_‘_‘—'_’_L"—'—|_|_‘—'_—!_‘—'—.. - ‘t
o 10 H—pu S/(S+B) weighted El loamwmsna.n el na e mammman
g §1=0.7 for m =125 GeV ¢ Data C "J """ L' - "| """ " |' b
o 8: | S+Bfit 0 01 02 03 04 05 06 07 08 08 1
; 6 i B component = 1o (20)
c 3 SM x10 Transformed BDT
S 4
Lu .
©
L 2 . . .-
£  The total of 15 event categories utilized
G_.) 0 ........ | YT W T ST TR T SN TR SR TN NN SN T NN S T S S N R S N
2

S/(S+

110 115 120 125 130 135 140 145 150
m,, [GeV]

& 200;_ { ' { } ' ' B component s;ubtr;'lctt;d '
_202-. P # t # e o Max. likelihood S+B fit to di-muon mass
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acaying to two muons at 13 TeV

PRL 122 (2019) 021801

e 2016 data: obs.(exp.) 3.0(2.5)o0 -> combined with 7 and 8 TeV: 2.9(2.2)o

50f" (7 TeV) + 19.8fb™ (8 TeV) + 35.9fb™ (13 TeV)

~

= L
P £ECMS = Observed
°c 6 BEE Expected (background, 68% CL, 95% CL)
o - --- Expected (SMm =125 GeV)
é 5 — H
- -
| [
o *F
2 5
L 3 E
»
2
1
0 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIIIIIIIII
120 121 122 123 124 125 126 127 128 129 130
m,, [GeV]

* Observed upper limit on the Higgs boson BR to muon pair ---> 6.4 x 1074
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)son pair production at 13 TeV

PRL 122 (2019) 121803

* Higgs self-coupling: independent SM test, — 1551 (15 TeV)

access to shape of H scalar field potential oy

Observed 78.6xSM

Expected 88.8xSM

' 00000 . ‘ B

| | biobb

Observed 74.6xSM

VH | ttH . - - - H Expected 36.9xSM

~ | |
< AHHH' gg—HH
\' ' ~ bbrt
/ AHHH ~ # : f e o o —— Observed

- --- Median expected

e Higgs trilinear couplings by measuring HH vbry B 65°% expected

Observed 23.6xSM

Expected 18.8xSM | | . 9- 5-0/3 9}9?@?9_ N
Combined
* Heavy BSM resonances can decay to a HH  g=eneezon
CM 35.91b" (13 TeV) 678910 20 30 40506070700 200 300 400
§ 3500:§ 95% CL upper limits 5 95% CL on GHH/Ga’\I-AI
— [ ——— Observed H . . .
% sonof— S T * Non-resonant Higgs boson pair production
H [ 95% expected :
& 2500 . » ' ra .
% g Theoretjcal Predlctzlon L EFT_ ﬁve Coupllngs ‘> yt,, AHHH’ C2, ng and Cg,

O\ &l with ko = A/ Asyy and k= v/ yoy, defined
1000—: H ‘ e Resonant: either a CP-even spin-0 (radion)
soof RS Y ------------------ or spin-2 (graviton), width << detector res.

B B e S S kf}f:H M;;o * bbyy, bbtt, bbbb & bbVV analyses (V=W/Z)
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)son pair production at 13 TeV

PRL 122 (2019) 121803

* Non-resonant obs.(exp.) limits at 95% CL -> 22.2(12.8) x SM

CMS

..............

95% CL limit on

Sbin 0

Observed

359 b’ (13 TeV)

i | e l a
300 400 500 600 700 1000 2000 3000
m, (GeV)

* Resonant production: upper exclusion limits at 95% CL in 250 to 3000 GeV

M. Dordevic (Vinca, University of Belgrade)
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ggs couplings at HL-LHC

arXiv:1902.00134

» Extrapolation studies for Higgs coupling combination at 3000 fb! (HL-LHC)

* Up to 200 pp collisions per bunch crossing -> extensive detector upgrades

Vs = 14 TeV, 3000 fb' per experiment

' ' ATLAS and CMS HL-LHC prospects 3 ab' (14 TeV)
Total ATLAS and CMS 12— -
— Statistical i i g -5 F T .
—— Experimental HRASES ETwo0an = [ SM HH Sig nificance: 40 —— Combination
—— Theory Unatainty (] S 10l 0.1 < ka1 < 2.3 [95% CL] :
Tot Stat Exp Th ﬁ | ' S b_
Ky B 1.8 08 1013 . i 0.5<k1<1.5[68% CL] byy
Ky B 7 08 077 s ' b
(VA== 1.7 08 07]13 g9a%cL 8 /N y bbtt
Kz = 1.5 0.7 0612 - -~ bBbE
Kg = 25 09 08|21 6 a
Kt B——o 34 09 1131 —'"‘ ‘ ’ bbzz*(4l)
Ky = 37 13 13[a2 95% CL 4% -} - -/ - SeSITE L oo - bBVV(Iviv)
K: B=_ 1.9 09 08/ 15 : ‘ | l ’
== 43/38 1.0 17 2__\
68% CL [ n_% o
Kz, B= 9.8|7.2 1.7 64 N R\ U T L L
0 002 004 006 008 01 012 0.14
Expected uncertainty X
Higgs couplings to other particles Higgs boson self couplings
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Summary and Outlook

Higgs boson observation in 2012 major event in high-energy physics
e Characterization of the Higgs properties to explore the EWSB in SM
* Mass, spin-parity, width measurements from high precision decays
* Higgs observation in yy, ZZ, WW, bb, tt and tt+H production modes
o Yukawa couplings to fermions confirmed at an O(20%) precision
e Inclusive and differential CS and new approaches (STXS etc.) applied

* Rare processes being studied: H->up, H->cc, Higgs self-couplings etc.

HL-LHC: improving measurement precision of Higgs boson couplings

M. Dordevic (Vinca, University of Belgrade) 23 Sep 2019, QFTHEP’2019 28
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CMS simulation Preliminary 13 TeV
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CMS Preliminary 359 b (13 TeV)

tral H->ZA->llbb at 13 TeV

CMS PAS HIG-18-015
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nd VBF Higgs to diphoton at 13 TeV

CMS PAS HIG-18-029

CMS Simulation Preliminary H—yy 13 TeV (2017)
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ass from H->ZZ->4] at 13 TeV

JHEP 11 (2017) 047

CMS 35.9 fb' (13 TeV) CMS 35.9 fb™ (13 TeV)
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om H->ZZ->4| at 13 TeV

CMS PAS HIG-19-001
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Cross Section measurement
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tion of ttH production at 13 TeV

51fb" (7 TeV) + 19.7 b (8 TeV) + 35.9 o' (13 TeV)  PRL 120 (2018) 231801
@ Observed
CMS = 110 (Stat @ syst)
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5.1fb™ (7 TeV) + 18.9fo" (8 TeV) + 77.2 fb™ (13 TeV)

acay to bottom quarks

PRL 121 (2018) 121801

51" (7 TeV) + 19.8 b (8 TeV) + 77.2 fb™ (13 TeV)
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77.4 (13 TeV)
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