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Outline ﬂll-

- Motivation

- Width of Higgs boson decay to b-quarks in SM

- Status of Higgs boson decay to b-quarks before Summer 2018
- ATLAS & CMS: analysis with 2017 data

- ATLAS & CMS: combination with previous data

- Conclusions

based on

- ATLAS and CMS papers submitted in Aug. 24, 2018
- ATLAS and CMS presentations in Aug. 28, 2018 @LPCC CERN
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Motivation | _llmlll_

HV . . .
g In the SM, the Higgs mechanism provides

masses to bosons and fermions
e Higgs boson discovery in 2012 opens a whole
new sector of the Lagrangian

; 7 ¢7U e é\ Vil e Yukawa couplings not required by EWSB

= ad-hoc solution to generate fermion masses

. Main questions to answer
%'{“ - e Isthe SM structure of the Lagrangian correct ?

e Are the values of the couplings as predicted in
the SM ?

= Broad programme at the LHC

My Wtz it d

W=,z

~ |
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‘" ig=ye  SM Higgs boson production @LHﬂml_
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Gluon fusion (ggF)

e Dominant mode (88%
of the total)

VH = WH/ZH
e 3% of the total

Vector boson fusion
(VBF)
e 7% of the total

ttH
e 1% of the total
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E SM Higgs boson decay @Ll-m—

Higgs boson branching ratios

The Higgs boson couples to mass Observed decays: ~ 31%
= Many decay modes accessible at the LHC o Zy
— bb largest BR ~ 58% 023% 0.15%

~ 0.008% (e,n)

= Coupling to v~ or gg through loops

H — bb and Higgs boson couplings
e Total width not directly measurable at the LHC

= Only coupling ratios truly model-
independent

e Hypothesis of SM structure of the loops and no
BSM decays

— bb largest BR: drives total width, thus mea-
surements of absolute couplings

e If BSM particles allowed in loops and decays ' 2.9%

Dominant bb decay: ~ 58%

= Measuring H — bb limits BSM branching
fraction allowed
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f:% Higgs boson width to b-quarks upto N4_;

=2
P. Baikov, K. Chetyrkin, J. Kuhn (2006) [, = I‘g %1\2/[1{) 1+ Z AT ai (Mg)
A. Kataey, V. K. (2008) 1y o1

T = 3v2/8rGpMy m?.

008 - o =0.008 p
> ['H— bbbar width on—shell approach . v r H—>Dbbbar width RG approach
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P 5anLas H->bb searches @LEP Hﬂ\ll-

Physics Letters B 565 (2003) 61-75

NH,  Search for the Standard Model Higgs boson at LEP

%-- ALEPH Collaboration ' DELPHI Collaboration? L3 Collaboration* OPAL Collaboration * ~ PHYSICS LETTERS B
The LEP Working Group for Higgs Boson Searches

ELSEVIER
m,, > 114.4 GeV @ 95%CL
N C ~ R 17 ,] 1 El T I 1T l TTrT TTrT I T I L | TTrT I TTT I TTT TT7
2 7L LEP  V5=200-209 Gev Tight = :
> ] O 1
L [ 4 Data 10 £ .
CD 6 _ I:I Background ; ;
e B signal (115 GeV/c)) 2 1
~ 5 | 10 = 3
w2 - =
4 2 C ]
= i all  >109 GeV/e af i
g 4 " Data 18 4 10 £ —— Observed -
= | Backgd | 14 1.2 E e Expected for :
3 Hsignal | 2.9 2.2 + 4F background ]
2 2 :
[ f ]
10 & 3
1 r 2 -
0 i — . rh - vt L [ L N 10-_111111111111111111 1'111111111—
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2
myrec (GeV/c") mH(GeV/c )
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[:% Evidence of H->bb @Tevatron m-

week ending

PRL 109, 071804 (2012) PHYSICAL REVIEW LETTERS 17 AUGUST 2012

S

Evidence for a Particle Produced in Association with Weak Bosons and Decaying
to a Bottom-Antibottom Quark Pair in Higgs Boson Searches at the Tevatron

(*CDF Collaboration)
q (J'LDO Collaboration)
e,
MAN
W.z Tty
. W.z'
800 [ Tevatron Run II,Lints9.7 fb !
L 142 b-Tagged Jets
~F <+ Data- Bkgd
- WZ ) ] ]
s | 77 Significance
Y 400  Higgs Signal
Pt i m, =125 GeV/c>
S 2.80 observed @ 125 GeV
~ 200 [~
2 i
z ok (1.50 expected)
-+ +
-200 ] | |

Lo loooooooo 3 10 In full mass range

0 50 100 150 200 250 300 350 400
Dijet Mass (GeV/c?)
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'f\-a Searches for H->bb @LHC: challengﬁ_

proton - (anti)proton cross sections Very large multi-b-jets production cross-
e e section at the LHC
10° | o, f — 10° 4
10 ¢ Teva:tron LHC 510
10 [ § Al H— bb
10° ) / : 310° :‘m
10 F ’ : 5 J1w0* E
- . ; E (&)
10° — TS :‘.,’o bkg
~ 10 E : : J1w 7, | >
g i A 3 125 GeV _
| = 'L W ) ’ -4 10’
£ 10 zz / 10 = mbb
© 10°E : 5 410° G
10" b 110" § e Inclusive Higgs boson production (2 b-jets in final
10° [ J10° £ state) overwhelmed by bkgs by many orders of mag-
10° ;— U:‘W i 10° % nltUde
10* ;— :Zn thd I I
o :_Mz,zseev{% 1. Use associated productions to reduce bkgs
. _ Over IR PP ggF Only possible in boosted regime
o Lo, [V Stirling privi comm.]3 VBF Inclusive search + exclusive VBF+y search
01 ‘ 10 VH Most sensitive channel
Vs (TeV)

ttH Also important for top Yukawa coupling
10
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a Higgs boson production modes for H->ﬂ+]m|_

ES |

q

(71

Gluon Fusion (87 %)

Overwhelming (107 larger) background of b-quark
production due to strong interactions

CMS: PRL 120 (2018) 071802

Vector-Boson Fusion (7 %) ATLAS: arXiv:1807.08639 submitted to PRD
o ATLAS: JHEP 11 (2016) 112
Very large background but a very distinctive topology CMS: HIG-16-003

ISR photon to enhance S/B CMS: PRD 92 (2015) 032008

Higgs-strahlung (4%)

leptons, Ermis to trigger and high ptV suppress MOSt Sensitive
backgrounds

Top Fusion ttH (1%) ATLAS: JHEP 05 (2016) 160
ATLAS: PRD 97, 072016 (2018)

-yl dominant backgroundr is tt + jets CMS: JHEP 09 (2014) 087

CMS: arXiv:1804.03682 submitted to JHEP
CMS: JHEP 06 (2018) 101

11
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[‘Z, Higgs boson couplings before Summefm_

Run-1 Legacy P T et
Y »
i L zz[ s
e ggfF and VBF production modes observed i~ 3 xivie06.02266
e Observation of decays in vector bosons (v, Z, W) L wl TF
: : | —~
e Observation of Yukawa couplings to 7 leptons > ww| v
- il —ei—
WwW o
. bb +
Run-2 Achievements | ——
T ww| i I —
e Many measurements much better than Run-1 accuracy N = R
e Direct observation of top Yukawa coupling - ww | R
: . . - . ®ow e
e Single-experiment observation of VBF and ttH production bol A
modes and of = decays. 0 B nom. to SM prediction
e Evidence for bb decays £ 10 T
E107; ATLAS ¢ Data _
g E (s=13TeV,36.1-79.8 1" Wi (1=132) -
M0k fiH@=t)
5 [IBackground B
Summary "
10 E
e All measurements in agreement with SM so far 1 3

ttH

e Observations of VH production and of bb decays still '@ .
arxiv:1806.00425 | o

missing

e Yukawa couplings to second generation fermions not yet
In reach

Data/Bkgd.
_ N W s —
T
1

| 1
-3 -25 -2 15 -1 -05 0 05

log,(sB) 12
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s VH(bb) @LHC: search modes NG

Processes e 7H has additional gg induced
e /H and WH production diagrams
e Leptonic decays of Z/W for bkg rejection and trigger
e 3 channels: 0, 1, 2 electrons or muons ; ‘ :
e H — bb decays .4 2
e 2 high-pr b-jets g L <
e Possibly additional jets " '
v [ [
q q q
Z 1474 A
v v [
b b b
N N N
q H\< q H< q H\<
b b b
0-lepton 1-lepton 2-leptons

13
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% T VH(bb) results @LHC with 2016 data ]||||||-

 VH(bb) evidence at LHC established

35 9 fb (13 TeV)

L] .8 :I ‘AR I o I o ata
with 2016 data by both ATLAS and CMS I v
ope L = []vZ(bb) ]
— Detectors clearly demonstrated ability to deal g O[PPoTREER ke uncenaimy
with very high pile-up for such complex analysis §’ 1501 ]
* Signal strength uncertainty ~40% gmof— 1
® I :
S0 7
signal significance significance 03
strength (exp) (obs) - I
ol Lo L L Ly
ATLAS Run 1 [1]| 0.5270737 2.60 1.40 0 % 100 150 200 280
H
CMS Run 1 [2] | 0.8970%7 2.50 2.10 12Fmas T o
. r \s=13TeV, 36.1 b =‘l;:‘:,£o‘:‘bb (1=1.30
ATLAS+CMS Run 1 [3]| 0.797029 3.70 2.60 & e S Uncertainy
8:_ Weighted by S/B Dijet mass analysis
ATLAS 2015+2016 [4]| 1.2070%32 3.00 3.50
CMS 2016 [51 1.197;3% 2.80 3.30

[1] JHEP 01 (2015) 069
[2] JHEP 08 (2016) 045
[3] JHEP 08 (2016) 045
[4] JHEP 12 (2017) 024
[5] PLB 780 (2018) 501

Events / 10 GeV (Weighted, backgr. sub.)
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40 60 80 100 120 140 160 180 200
m,, [GeV]
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New H->bb analysis: key elements JIIII'_

- increased datasets
- improved b-tagging

- improved dijet invariant mass resolution m,

- high pT-kinematics

15
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.% Data: stunning LHC performance mmlll-

After successful Run 1, LHC has produced >3 years of 13 TeV data
with stunning performance

* Expected integrated luminosity >150 fb! by the end of 2018

* DESIGN peak luminosity exceeded by a factor of 2
— Average pileup ~38 in 2017 and 2018

* Incredible machine availability, >50% of time in stable operation
CMS Integrated Luminosity, pp

<~ 70 I I I I I I

Data lncluded from 2010-03-30 11:22 to 2018-07-23 04:09 UTC Qo " ATLAS Online Luminosity -

80 ] 80 = C N

= —— 2010, 7 TeV, 45.0 pb ' 2 60— ggggz Ef;::\‘; —

£ 70 w2011, 7 TeV, 6.1 fb ' 170 & C o 2015pp V{s=13TeV ]

> m— 2012, 8 TeV, 23.3 fb ' E 50 —— 2016pp §=13 TeV ]

= 60 1 160 = 2017 pp Vs =13TeV —

a m— 2015, 13 TeV, 4.2 b 3 - 2018pp (513 Tev -

c 2016, 13 TeV, 40.8 fb ' - =

‘e 501 : 150 © 40 —

g w2017, 13 TeV, 49.8 b ) u N

l — —

= 40l m— 2018, 13 TeV, 31.0 fb lao Q@ - ]

v [0)

L D [~ -
© 30| 130 - 1
> 20— — &
— — N
'E 20 120 C 7] g
- - 1¢
‘—3 10l 110 10— ] ,,i_',
<) - S

- 0 RS 0 ob— | | ; " .

\ X X c
N ) o O 0O ce® (o o e!
LAY S AR SRS R AP N yao oY A oct
Date (UTC) Month in Year
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@&I&ﬁ? b-tagging: ATLAS I“lll-

b-tagging discriminant

b-tagging discriminant

b-tagging g
L. . > -
e Depends critically on the excellent operation of the 3 ATLAS Preliminaryz, o
t rac ke r ; N =2;$7T:¢:7I‘Z]5u::-ﬁon g EE’E

B light-flavour jets

e Performance in Run 2 relying on

e New IBL detector installed in LS1(2013-2014)

e Tracking optimized for high-PU and high-p+ environ-
ments

e Better ML algorithms

pr—— —=—%

P S T P B P PU TS P
“-1-0.8-0.6-04-020 020406 0.8 1

Mv2

1.4

[ L ‘ T 1T ‘ T T T ‘ T 1T ‘ T T T ‘ T 1T N T T
- ATLAS Preliminary OS eu events ]
1.2} /s=13TeV, 43" ti-enriched sample |

= Jet p_>25 GeV
o o oo 0 0 ——

—_

L1l

0.8

0.6
.
- Jetp >60 GeV

Run 2 performance

e Rejection of light / ¢ jets 300 / 8 at 70% b-jets efficiency

e Well modelled in simulation 02— F N
r Jet pT>100 GeV

e Good performance even at high pile-up ) T P R
= 0 10 20 30 40 50 60

= Use only events with 2 good b-tags Pileup (1)'7
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Continuous effort to improve b-tagging at CMS
— New pixel detector (4 layers)

— DNN algorithm (DeepCSV) with additional per-track information

— Contamination from q/g < 1% for efficiency ~70%

MC corrections derived on data with tt events

Good agreement between data and MC verified in all analysis regions

5 e b-tagging: CMS | “"IIII-

Vs=13 TeV, Phase1

>.. 1:JJILllI‘I' adaedbsshssheshosbaslosloste Rootonlaclosfoadoadocdiadh
s F M
@
O LGV e ATt
o
Q.
3 107
I | — CMVAVZ [ N L
o DeepCSV s .
1072 e R Q0B
Lo T s S At SIS R 4 o 2 s .......... _'udsg : R
: ,' : ---C
10—3 :|||[r|||]1|||[l(r|||1||| ::Ar fooeifoens . ||[r|||]1|||fllll—

0 01 02 03 04 05 06 07 08 09 1

2017

n=0 n=0.5 n=1.0 n-i 5

Outer rings
n-zo

b-jet efficiency
2017

4 layers

///// /' 1 n,’zfnnernngsr

# 50.0cmy

4

20 I 6 n=0 n=0.5 n=1.0 n=1.%

\ ——
s T ———
#\éﬁﬁ\n_ls —
T~

=20

2016

3 layers
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Dijet mass resolution m,,, ﬂ[lll-

. . >2||III||II|II||III|III|I|I||II|III|
Mass resolution improvements 3 . E ATLAS Simulation -
5 2 g . \s =13 TeV, 36.1 fb”
Higgs boson candidate from a pair of b-jets L [ Powheg MINLO Sm ZH - e s
- o . _g 2 zleptons,2 jets, 2 b-tags l \
e Add muons in the vicinity (semi-lep. decays) S taf P00y Sy
X . . E\ 12 O Standard_ J?t Calibratign (Std.) '%FA_'.:@*\
e Simple average jet pr correction S TE & Saxiimete rinec orscton o
.L!:) 1 gp  Std. + p-in-jet + Kinematic Likelihood Fit ; 'ﬂf_Lr
® Accounts for neutrinos, and interplay of resolution and pp << 6 (0gy -OVog, ™

0.8

spectrum effects. — 152GeV 0%

06 seee 13.2 GeV 13% {
== 124GeV  18% ’%‘
0.4 — 8.8GeV 2% B
3

0.2

IIIIIIIIIII|III|IIIIIII|III|III|III|III

JeAy
"

Yy P X T 4 l | l hrn,

0 lzsteglpnigs i oigoloo Rt TER L1 L1 L1 AT R

loleoleale el : e

20 40 60 80 100 120 140

Kinematic Fit in 2-lepton channel
e Final state fully reconstructed
e High resolution on leptons

e Constrain jet kinematics better:

S pr(4) = —p1(bb) modulo soft radiation iq;t‘;r;

lepton
(~1%)
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Backgrounds

R A A AR ARRSS RN AMAML AR AR

E [ ATLAS ;3:“%.,“ =1.16) |
R 000 et b
g E p¥ = 15a\aav [ | :ingle top ]
o 800 =:f;'e‘if -
. K] Uncertainty
DIbOSOn WZ’ ZZ 600 ::-:i‘liaz%g;o:nd ]
- e 2 lepton: same final state as signal
e Similar to VH P g o0
: e 0 and 1 leptons: additional jets
e Lower mass, larger cross-section P :
and/or leptons, not reconstructed e
e Softer pr(V) spectrum "“*“W ﬁ;

. POWheg+ Pyth |a 0 50 100 150 200 250 300 350 400 450 50
e Sherpa 221 m GV

B 1800 T T
& 1600} f,: toTet. 39'32':! =\I;:‘::c:o B0 (u=116) 3 .
Z+hf-’ W"‘hf gmoo?p;zysoeev -;uﬁ:je:p E
0 g 1200 Wijets =
. P UH e Very large cross-section and high re- oof. B =i

. m n . . E mi o ::‘::i:‘:::zgmund
ame dt state as jection factors ) M, e ¥

e non-peaking
e Sherpa 221

e Negligible in 0- and 2-lepton

e Small and data-driven in 1-lepton

5 1.5 F e T g
RS e et
3 - +3
® 05 B bbb b b b b b 3
e 0 50 100 150 200 250 300 350 400 450 50
m,, [GeV]
(=] [ T T T T T T
< L amas —-Data
2 250 {5=13Tev,79.8 1" I VH, H ~ bb (u=1.16)
o . 5 0 Diboson
|.|>-I r 2 leptons, 2 jets, 2 b-tags B Z+jets
[ pY =150 Gev it
200 [ I Single top
Consequences * e
L . «--+ Pre-fit background
150 — VH,H = bb x5

e Diboson process: validation of the analysis o
e mpp, AR(b, b) very powerful variables 502

BanE=

e S/B depends on number of jets in the event g T
% 1 e *—.;_‘ *‘H**-FH‘” + T ++
go.sjm I I
0 50 100 150 200 250 300 350 400 450 500
m, [GeV]
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High-pT kinematics Hﬂ‘ll-

> L I I B B B L IR RS-~
§ ?Tﬁgfv 798 b ;ezt’aH_)bB(”ﬂ'm)E
- 4 S= ev, 79. I Diboson
E 10 2 leptons, 2 jets, 2 b-tags B Z+jets _g'
Improving S/B s B Single top ]
10 Bl W+jets _E'
e Harder p*. spectrum for signal than bkgs e round
. . . 102 — VH, H — bb x 80
Going to high-p1 improves S/B
e Used for event classification: 10
75 < pY < 150 GeV, p*%. > 150 GeV
. 1
e Added as input variable in MVA analysis
. . . . . . '8'1.5?' ‘ ‘ ‘ “++‘|'*
Need large bkg MC statistics in tails of distributions ! o1 ﬂw‘fu##w# T+ L
® 05 bl il il il el HERE
= oo 100 150 200 250 300 350 400 450
pY [GeV]
35
30
Topology
25 _
m e H — bbisasimple 2-body decay
= e Athigh pr, can cuthard on AR(b, b) with very high signal
efficiency
10 . .
e Helps reducing backgrounds significantly
5 . -
e Most prominently tt

200 300 400 500 °
Higgs p_ [GeV]
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@ATLAS VH(bb): analysis strategy - 1 ]“II—

* Analysis strategy:
— 3 channels with 0, 1, and 2 leptons and 2 b-tagged jets
» To target Z(vv)H(bb), W(Iv)H(bb)and Z(ll)H(bb) processes
— Signal region designed to increase S/B
* Large boost for vector boson
* Multivariate analysis exploiting the most discriminating variables (m,;, AR,;, b-tag)

— Control regions to validate backgrounds and control/constrain normalizations

signal irreducible backgrounds

£
Yy Z+bb
o 09" ~
/7 ®

) ® ‘ X single t
0-lepton (MET) W+bb
1-lepton [e,u]

’ 2-leptons [ee, ] ' 2
-leptons [ee .
P HH normalization from data, shapes from MC
HEPD seminar, NRC KI - PNPI, 25 Sep. 2018 Victor Kim Hbb @ATLAS & @CMS
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s

* Analysis strategy:

VH(bb): analysis strategy - 2

A

— 3 channels with 0, 1, and 2 leptons and 2 b-tagged jets
* To target Z(vv)H(bb), W(Iv)H(bb)and Z(ll)H(bb) processes

— Signal region designed to increase S/B

* Large boost for vector boson

* Multivariate analysis exploiting the most discriminating variables (m,;, AR, b-tag)

— Control regions to validate backgrounds and control/constrain normalizations

signal

&
‘o @ O
o?

O-lepton (MET)
1-lepton [e,p]

2-leptons [ee,pp]

irreducible backgrounds

‘o © 2
-

and di-boson, of course

Y
used to validate the analysis strategy 93
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 Same “technology” used for VH(bb) fit

— Same DNN inputs (but dedicated training), same Control Regions,

VH(bb) normalized to SM and left free to float

— Larger m(bb) window in Signal Region to fully include Z(bb) peak

0 lept.
n=0.79+0.30

1 lept.
n=141+044

2 lept.
n=114+0.34

,,,,,,,,,,,,,,,,,, 413" (13 TeVv)

CMS

Supplementary

" ossam Significance
5.00 expected
5.20 observed
Signal strength
n=1.05+0.22

S EE TR e

Best fit u
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Analysis validation: VZ(bb) @CMS HIII-

e VZ analysis using Z(bb) standard candle next to H(bb) peak
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e Results with 2017 data compatible with SM expectatlons
— Observed significance 3.30, signal strength 1.08 = 0.34

— 0O(5-10%) increase in analysis sensitivity wrt 2016, depending on channel

— Remarkable channel compatibility

413" (13 TeV)

CMS
Supplementary
pp— VH; H—- bb
Significance (0_) u=1.08 + 0.26 (stat.) + 0.23 (syst.)
Data set Expected Observed Signal strength | ~oa: 05
2017 WH(bb)
O-lepton 1.9 1.3 0.73 £ 0.65 wetssrosT)
1-lepton 1.8 2.6 1.32 +:0.55 0 lept.
2-lepton 1.9 1.9 1.05 + 0.59 HEOTZE08
Combined 3.1 3.3 1.08 4 0.34 1lept
u=1.31+055
2 lept.
w=104+0.58
e 2
Best fit u
25
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5 VH(bb): Run 1 + Run 2 combinatﬂ

Significance (0)

Data set Expected Observed Signal strength
2017 3.1 3.3 1.08 £0.34
Run 2 (2016+2017) 4.2 44 1.06 £ 0.26
Run 1+ Run?2 4.9 4.8 1.01 £0.23
5.1 b (7 TeV) + 18.9 fb™ (8 TeV) + 77.2 b (13 TeV) 5.1 (7 TeV) + 19.8 fo (8 TeV) + 77.2 fb™ (13 TeV)
0 7
o 10 ¢ Dat CMS e Observed
-E 5 CMS _ [ B:ciground VH, H—bb — tlo (stat @ syst)
wj 10°f VH, H-bb B VHHob | e 2016
Background uncertainty L 2017
10° —— Signal + Background == +1G (SYst)
104 |
Run 2 —ep—— 1.06 £ 0.20 (stat) £ 0.17 (syst)
10° 2016 IR DI 119 +0.39
2 2017 | e n ------ 1.08 +0.34
10 Run 1 ——u-— 0.89 + 0.38 (stat) + 0.24 (syst)
1
51— . . . 4 Combined S 1.01+ 0.17 (stat) = 0.14 (syst)
D0-5lll||I|I|||||||||||T||||]|r|| .I.‘I..I.i‘.l.I.‘IIII.'.I...‘I‘II‘III.I
= 25 -2 -5 4 45 0 0 05 1 15 2 25 3 35 4
log . 0(S/B) Best fit u
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" FEEE VH(bb): Run 1 + Run 2 combination @ATLASH@

3

ATLAS =~ VHH—bb 15=7TeV,8TeV, and 13 Tev.
Total Stat 4.7 ", 20.3 fo, and 79.8 fo™!
— lotal = olal.
(Tot.) ( Stat., Syst.)
WH e 1.08 550 ('05.%057)
“H k-or 0.92 T (%%, 5%17)
Combination e,
How to correlate systematic uncertainties ? Comb. HTH 0.98 102 (014 w017
- -0.21 (—0.14 » -0.16 )
1 1 o b b b b by b b by g
° qurelate b-jet energy scale unce'rtamty, and T T N
Higgs boson production cross-sections upbb
VH
e Test carefully that other correlations have little
|mpact g E‘ 3? T T T T ‘ T T T T T T ‘ T T T ‘ T T T T 1
= - ATLAS + Best Fit g
i = e 68% CL Obs.
Results 2.5 VH, H — bb .
[ {s=7Tev,8TeV,and13TeV 95% CL Obs.
o C 4717, 203" and79.8f7  * SM ]
2r 7
e Signal strength compatible between WH and ZH : ]
modes at 72% 1.5F ]
1 .
0.5( .
0: Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il :
0 0.5 1 1.5 2 2.5
bb
MWH

27
HEPD seminar, NRC KI - PNPI, 25 Sep. 2018 Victor Kim Hbb @ATLAS & @CMS



L‘% H(bb): production mode combination @Wﬂ_

e Combination of CMS H—>bb measurements : VH, boosted ggH, VBF, ttH

* Most sources of systematic uncertainty are treated as uncorrelated
— Theory uncertainties are correlated between all processes and data sets

 Measured signal strength is u=1.04 £ 0.20

<51fb"(7TeV)+<19.8fb" (8 TeV)+<77.2fb" (13 TeV)

e Observed
CM_S +1o (stat @ syst)
H—bb 110 (Syst)
stat  syst . . o
aoF 2.80 2,08+ 1.30 Significance
VBF —_——— 253+0.98+1.17 550 expected
tH | —— 0.85 + 0.23 + 0.37 5.6 observed
WH -.- 124 +0.29+0.24
ZH | - 0.88 +0.24 + 0.16 Observation of the H—>bb decay
: by the CMS Collaboration
Combined - 1.04 £0.14 £ 0.14
I B S S S S B

Best fit u
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S 1oL aTLAS + oam
e F W -15)
g [ (g, =34)
10°E [ A e i M

JE ATLAS 1
. VH(Bb) (1=1.0
V5=8TeV [Ldt=203 0 [ e

1oF Ssingte o
E fiH (H-sbb) et
> o T T - £ u
8 m* Category IV ATLAS [ \s=8Tev,2031b" e
— Ay EREE| 10% .
] . 2 0 (s=8Tev, 202" ] E Combined z
H— combination i ]

T kS ; =ITEE
. . 50| o tiF =
e Com b ine Run-1an d Run-2 an alyses n . ‘Tm‘n.res‘onan‘.&nlwmm&g> T : SN e
= . f :E ”" Hﬁ}rﬁiv‘#hw 'wwf*w"nw»‘m, ° 35 3 25 2 1 5‘ 71(S/l’3)'5 3
8 - t o k2 =
VH, VBF, ttH production modes Jlissiii i : . R

m, [GeV]

e 2015+2016 Run-2 data for VBF and VBF Run-1 \
ttH

e Uncertainty model from previous JH combination

Run"] and Run-Z ComblnatIOﬂS VBF+ggF Runt . ;;)(T?,Lnjef:yz—z analyses in bb, vy

e Results assume SM HiggS boson pro- VBF+ggF Run2| o Updated analyses with 2015-2017 P e HIW eSO TO e
H — bb \

ttH Runi Run-2 data in all channels / H — 4

duction cross-sections o Restls sssume S s oo
13 Tev, 798 107

tEH iu n-1 T Iog, (STB)

h LWl
O AT e
Bt ™ i AL

mfoev)

ttH Run2 | pranching fractions

R A ARARR SRR S
ATLAS VH

VH Run1 — -
Total stat. (Tot.) (Stat, Syst.)
AH Runz HoZZ a1 094 R (02,98)
Comb.l

" H— +0.60 +0.53 +0.28

—o pyy=113+£0.24 W e—— 1.03 To5 (Cosos 022 )
Contributions of 4¢ and channels

“ HobB| e 147 92 (918, 9

11o and 1.90

Compatibility of the 3 measurements

pH—bb = 1.01 £ 0.20 VBFRun2 50 Com| e 113 9E (355

T A T T T I T
0 05 1 15 2 25 3 35 4 45 5

q o =z > AARS RSN RARNRARS: 3
ntributions of VBF and ttH chan- 5 Hw
S 60
= 2 Vs =13TeV, 79.81b" e
2 N 107ET T T T o ingle top
nels 1.50 and 190 i S e mo . S
. . S 4ol . El [ 5=13TeV,36.1 fb" WtH (1 =084) ] - Wejets
u el g 10°E tH (":;‘.ufz-o) El = Diboson
. op . 30| . [JBackground 9
10 4
Compatibility of the 6 measurements S sos : Sl
photon channel, SR | R 10t
10 . E| E
(o) I - Lo 10k
2 20F | [ tiH (6B) Combined
2 9 ] 10° E-Dilepton and Single Lepton z T T T T T T
£ 0| E Post-fit B
S 1ok 4 glg 4 3 P N
60 80 100 120 140 160 180 200 220 240 & S -85 3 25 -2 15 1 05 0
my, [GeV] e log, (S/B)
4

226 24 22 2 18 16 -14 12 -1 08

o \ log, (S/8)
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[‘“éj VH production combination @ATL}'_

m,, [GeV]

3
S
2
] LRSS AR Al é @ RN RA A AARN RS AR RARN ARAS
% ’AgT_LzSTBV . mVH b5 (u=1.16) 5 2 é 12 - ATLAS Preliminary .* 5° B
2 = f 3 7 s Hos 77 4l ggF+bbH
5 z'feigio E r% H 10 waT_;v, 7937:‘ -:(/H " B
H 1 i*:szn 7 115 <m, < 130 GeV -ifv
VH combination | R ) =it
3 & 4 + E ]
] = 6 3
i i h I Ty : i
_ 1 . TRTRIY Lhaug bbb ¢ ]
e Combine Run-2 analyses in bb, ~~ | g e + g ]
] o~ "T20 80 740 780 760 5 Y E
E == L | L Il Il
) h ) . lo 10

and 4¢ decays |
e Updated analyses with 20152017 P - = e
Run-2 data in all channels H — bb \ / H — 44

e Results assume SM Higgs boson

branching fractions R L I IR U IR I I U I
ATLAS VH s=13 TeV, 79.8 fb™

—Total — Stat.

BDTVH-Had

(Tot.) ( Stat., Syst.)

Moo 27 |4 2 094 130 (wa sz
— 0.60 0.53 0.28
puyy = 1.13 & 0.24 H= vy b=——p—H 1.03 75, (%050 + J052 )

Contributions of 4¢ and ~~ channels

Compatibility of the 3 measurements [~ | ... +++ ------
! p y Comb. I-{-o-l-l 1.13 4(,);; (%o1s ‘013 )
96/0 |IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl

0 05 1 15 2 25 3 35 4 45 5

MVH
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"_,_, ey Conclusions: ATLAS Mm-

> L LI B B
bb __ : P Q - ATLAS —e— Data 7
o uyy =116+ 0.26, with a significance of 4.9¢ O 1001 sy 705 B VH, H b6 (1=1.06) ]
e Cross-checked with the measurement of the = - 04142 leptons -g'bm" .
VZ(bb) process, and a dijet-mass analysis S 80| 2+3jets, 2 b-tags I Single top —
q>) ~ Dijet mass analysis Bl W+jets N
3 | Weighted by Higgs S/B Bl Z+jets i
£ 60 Uncertainty ]
® LH_ypp = 1.01 4+ 0.20 _% I Pre-fit background
) ) ) ) ) - - — VH,H — bb x -
e Observation at 540 in combination with ttH and = [ = °
VBF production modes 0 _-
e 89% of the Higgs boson BR is now observed ! N i
In combination with v~ and 4¢ analyses
.MVH:1'13:I:O.24 %) 4-__IIIIIII|III|IIIIIIIIIIII|III|I_
e VH production observed at 530 O 23_
e All main production modes now observed ! A +%
Results submitted to PLB: arXiv:1808.08238 0: Tz
e Unchanged since their first presentation at ICHEP -2:_| Lo
e Additional material: 40 60 80 100 120 140 160 180 200
https://atlas.web.cern.ch/Atlas/ m,, [GeV]
GROUPS/PHYSICS/PAPERS/HIGG-2018-04/
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y DATLAS Conclusions: CMS Illlml-

* CMS has reached a 5.60 observation of the H—>bb decay,
with signal strength p=1.04 £ 0.20
— Combination of several production channels, dominated by VH(bb)

— Result contained in arXiv:1808.08242 and provisionally accepted for publication in PRL
 Thank you to PRL and its referees for their impressive turn-around in reviewing the paper!

Published 17 Sep 2018 in PRL 121 (2018) 121801 o

« Standard Model assumption on Yukawa coupling - CMS R
’ . . . . | Supplementary -’VH Hu—>bE Y
to b’s confirmed within the present uncertainty ol — Wi

B2 S+B uncertainty

S/(S+B) weighted entries

e This result is the culmination of H—>bb searches
that started at LEP, continued at Tevatron and

at the LHC

500

* Achievement possible only thanks to the fantastic 60 80 100 120 140 160
m(jj) [GeV]
run of the LHC, and the CMS detector performance |
— Butis only a step towards the ultimate H—bb precision at LHC
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@ﬁ[&ﬁs H(bb) systematic uncertainties: impact on measurem{_

Source of uncertainty Oy

Total 0.259
Statistical 0.161
Systematic 0.203

Experimental uncertainties

Jets 0.035 . .

s 0.014 Measured by impact on signal strength ()
Leptons 0.009

e ”'!'CIS gﬁ; Many important sources !

-lagging c-Jets - . . . . .
light-flavour jets _ 0.009 b-tagging both b and c jet tagging calibration
extrapolation 0.008 e Resp. ~3% and ~10% per jet

Pile-up 0.007 . -
Luminosity 0.023 Background modelling Z+hf, W+hf, tt

Theoretical and modelling uncertainties e Mainly shape and extrapolation uncertainties

little impact on significance

Signal 0.094 . . o

e Dominated by systematic uncertainties on the accep-
Floating normalisations 0.035 tance
Z + jets 0.055 MC stats never-ending race between data stat and MC stat
W + jets 0.060 ,
{F 0.050 e Use of dedicated MC filters
Single top quark 0.028 e Not easy in all cases, e.g tt phase space in 0/1-lepton
Diboson 0.054
Multi-jet 0.005
MC statistical 0.070
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