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* Introduction
« LHC & CMS CMS, Vs = 13 Tey (2017)

* Key ingredients =
« CMS H-bb analyses b-jet \\

 ttH, ggH .

- VH

« Combination _— =
H->bb prospects at HL-LHC E'ZJE-
Summary & outlook
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Phys.Lett.B565:61-75,2003
Higgs boson searches at LEP

 LEP: e*e- collider & main Higgs boson €

production mode: ZH \

« Collisions at CM energies of 189-209
GeV: Higgs boson masses up to ~120
GeV accessible = largest branching

ratio into bb ©
* mHu<114.4 GeV excluded at 95% CL
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Higgs boson production at the Tevatron
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Phys. Rev. Lett. 109, 071804

Higgs boson searches at Tevatron

DESY.
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Tevatron: pp collider: main c KO
El:g;mtion mode gluon fusion (as at g 0990000

q

However, CDF and D@ experimental
sensitivity dominated by VH(bb)

On July 2nd 2012, evidence for — 1-CL,, Observed
VH(bb) announced by CDF and D@
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Higgs boson production at the LHC
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Higgs boson discovery at the LHC

« 4t July 2012: ATLAS and CMS announce discovery of a particle with a mass

of around 125 GeV

PLB 716 (2012) 30

* Driven by H=>vyy (excellent energy resolution) and H=>ZZ->4l (small

background)
H->vy
CMS Vs=7TeV,L=51fb"'Vs=8TeV,L=5.3fb"
> _I T | T T T T | T T T i >
) i > [T T T ] ()
O I 8 Unweighted || O
To i . - op)
1500 & 1 =
9 a - I=
- - @
o G
L1000+
o] L
o |
- L _
fe) i 1
)
< 900 | —— S+BFit B
—~ | B Fit Component
q_a | [ ]+1o |
) [ +20 )
: 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
s O Ho 120 130 140 150
m,., (GeV)
DESY A. de Wit

16
14
12
10

o NN~ O

CMs

H->ZZ->4l

Vs=7TeV,L=51fb" {s=8TeV,L=53fb""

- ¢ Data

- [ z+Xx

il I P24
- [ m,=125 GeV

Events / 3 GeV

K,>05

O a D 0w > 00 o

120

[t b b b b

140 160 180
m,, (GeV)

7



Properties (Run-1)

* Precise mass measurement: my=125.09+0.21(stat.)*0.11(syst) GeV

« Couplings compatible with the SM expectation

* Bosonic couplings and coupling to 1 leptons established

« Spin/parity also in agreement with SM

DESY
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LHC Run 1 Total  Stat. Syst.
ATLAS H—yy P 126.02 = 0.51 (= 0.43 £ 0.27) GeV
CMS H—yy ——— 124.70 = 0.34 ( = 0.31 £ 0.15) GeV
ATLAS H—ZZ—4] | —— 124.51+ 0.52 ( + 0.52 = 0.04) GeV
CMS H—ZZ —4] = 125.59 + 0.45 (+ 0.42 = 0.17) GeV
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ATLAS+CMS 41 '_I'E_| 125.15 + 0.40 ( = 0.37 = 0.15) GeV
ATLAS+CMS yy+4l H?H 125.09 = 0.24 ( = 0.21 = 0.11) GeV
1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
123 124 125 126 127 128 129
m,, [GeV]

A. de Wit

f
Kg

-2

' ATLAS and CMS
“LHC Run 1

[ —— 68%CL
I 95% CL
| 4 Bestfit

L Y SM expected

e

: DCombined |:|H—>yy

L [(Hezz [JH-ww
I DH—T: H--bb
0 0.5




Properties (Run-1)

* Precise mass measurement: my=125.09+0.21(stat.)*0.11(syst) GeV

« Couplings compatible with the SM expectation

* Bosonic couplings and coupling to 1 leptons established

« Spin/parity also in agreement with SM

So far, the Higgs boson looks SM- I|ke'

ATLAS and CMS

DESY

Stat. 1 Syst.
LHC Run 1 Total  Stat. Syst.
ATLAS H—yy P 126.02 = 0.51 (= 0.43 £ 0.27) GeV
CMS H—yy ——— 124.70 = 0.34 ( = 0.31+ 0.15) GeV
ATLAS H—ZZ—4] | —— 124.51+ 0.52 ( + 0.52 = 0.04) GeV
CMS H—ZZ —4] = 125.59 + 0.45 (+ 0.42 = 0.17) GeV
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Why H->bb at the LHC?

« H->bb has by far the largest branching fraction (58%) at my=125 GeV
« Largest contribution to the total Higgs boson width
» Access to down-type quark coupling
« Large multijet background makes the search for this channel very challenging

» Di-jet final state & mass resolution not as good as in di-y or multi-lepton final state
— o R proton - (anti)proton cross sections
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The Large Hadron Collider
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LHC performance

DESY

Excellent LHC performance

« Remarkable machine
availability

163 fb-1 delivered to CMS in
Run 2 alone

 The goal of 150 fb-1 in Run
1 and Run 2 was reached a
long time ago

2016 + 2017 datasets for both
CMS and ATLAS: ~ 80 fb-1

CMS Integrated Luminosity, pp
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Data included from 2010-03-30 11:22 to 2018-10-24 04:00 UTC
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The CMS detector

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0m Pixel (100x150 ym) ~16m* ~66M channels
Overall length  :28.7m Microstrips (80x180 ym) ~200m?* ~9.6M channels

Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m?* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating Pb(WO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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Key ingredients: silicon tracker

« Efficient identification of b-jets relies on secondary decay vertices = need the
silicon pixel tracker at the heart of CMS!

« Pixel tracker was upgraded at the end of 2016- early 2017, adding a fourth
layer of pixels in the barrel and improving the coverage in the forward region.

2017

n=0 n=0.5 n=1.0 n=1.5

1,

50.0 cm #

= I I
n=2.0

n=0 n=0.5 n=1.0 n=1.5

2016
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Key ingredients: b-tagging

* b-quarks: finite lifetime so decay after jet

O(100)um = displaced vertex!
« Vital to distinguish b-jets from light

quark/gluon jets

« B-taggers in CMS use multivariate
techniques to maximally exploit the - PV

available information

probability

—
<

1072

Misidentification

DESY

jet
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ggH, H>bb

DESY

Largest production cross section, but

suffers from overwhelming
background from heavy flavour
multijet production

* Up to recently a search for ggH

production in the H=>bb decay

channel would have been deemed

impossible

At high H pr the two b-jets are likely to
merge into a single ‘fat’ jet = exploit

di-b-jet substructure to make an

inclusive H>bb search at high H pr

possible

A. de Wit
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Inclusive (ggH) H>bb

PRL 120(2018) 071802

Require a high pt (>450 GeV) wide-cone jet and exploit 2-prong jet substructure
and b-tagging information of the subjects to reduce multijet background

Backgrounds mostly from multijet production, with smaller contributions from tt, W

Analysis performed using 2016 dataset
and Z production
+1.0
Result: yp = 2.3 £ 1.5 (stat.) 44 (syst)
«10° 35.9 ™ (13 TeV)
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ttH, H>bb

« Small production cross section

« Large backgrounds
 Combinatoric

- tt+bb, with associated large theory
uncertainties

« Make use of many possible W decay modes:

* Fully hadronic } Higher rate
« Semi-leptonic

- Fully leptonic } Higher purity

DESY A. de Wit
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ttH, H>bb

Strategy

« Categorise by number of jets and b-
tagged jets

« Single-lepton: further
subcategorisation using DNN
multiclassification

* Di-lepton: Low/High BDT
subcategories

« Backgrounds mostly estimated from
simulation

« Dominant background in leptonic
channels from tt+jets production

« Dominant background in hadronic
channel from multijet production =
estimated from control regions

Selection

Categorisation 1

MVA discriminants

Categorisation 2

Measurement

Events / 0.1 units

« Signal extraction performed with a fit to

DESY.

multivariate discriminator distribution or
distribution of matrix element classifier

A. de Wit

Data/Bkg

JHEP 06 (2018) 101;
arXiv:1804.03682 [sub’d to JHEP]

Events

4j, =3b 5], 23b >6j, =3b >4j, 3b >4j, =4b

( Categorise by most probable process

Split at BDT
median

\
>4j, 24b,
high BDT

ttH, tt+bb/b/2 b/cc/if

4j, =3b, 5j, =3b, 26j, >3b,
ttH node ttH node ttH node

3 x 6 categories 1 + 2 categories
35.9 b (13 TeV)
108 I@Stt -------- LI UL B B B
at @ sys unc

107 [ Multijet [ Cthert CMS

[ tE+If [ Electroweak
108 -tf+c§ B itH (1=0.9)

W tt+bb  —ttH x 500 .
108 + Data 7 jets, 3 b tags

02 03 04 05 06 07 08 09 10
MEM discriminant
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JHEP 06 (2018) 101;

tTH H ebB arXiv:1804.03682 [sub’d to JHEP]
J

35.9 fb™' (13 TeV) 35.9 fb™ (13 TeV)
(';N'IS'I"'l"'|"' CMS u tot (stat syst)
w  fot stat syst 7j, 3b i 1.6 %55 (%27 %
| 8j, 3b . 12 %3 (135 3
Single-lepton H+H 0.84 320 06 ‘o3 =9j, 3b T -35 35 (34 %o
‘ 7j, =4b w54 720 (18 S
8j, =4b o 02 5% (42 58
Dilepton |  ——a——i -0.24 *}%} 0% 10 =9j, =4b . -04 '3 (45 s
3b cats . -1.7 2% (57 23
| 4b cats e 15 18 (199 1
Combined wm 0.72 *352 024 0% Combined iy 0.9 15 (07 13
A I S A I a0 5 30

-2 0 2 4 6

Best fit u = o/c_, at m, =125 GeV Best fit u = o/0,, at m, =125 GeV

* Leptonic channel: y=0.72+0.45
* Hadronic channel: y=0.9+1.5

 Limiting uncertainties: tt+HF modelling, QCD multijet modelling, b-tagging
uncertainties
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VH, H->bb

Higgs boson produced in association with a vector q H
boson

» Leptonically decaying vector boson gives a clean
signature to tag = helpful for online selection

* Much reduced background from multijet
production

Most sensitive channel for H->bb despite relatively g W,z
small production cross section

Backgrounds:

q Z 7 t
q _
q _ q b
q
W,Z + jets di-boson single top

DESY A. de Wit 20



35.9 1™ (13 TeV)

Previous VH, H=>bb results

'C'MS'I""I""I""I
— . pp —>_VH;H—>bB
« Evidence for VH, H=>bb established by both Combined .= 1.2 = 04
ATLAS and CMS using data collected during 2HOD)
2016
WH(bb)
w=17+07
Signal strength  [Significance oo, | - b
observed k=00=02
expected 1 lept.
+040 u=1.9=+06
ATLAS Run 1[1] (PR 1.40 (2.60) ot
u=18=0.6
CMS Run 1 [2] 1.0+ 0.5 2.10 (2.10) 10 2 3
Best fit u
CMS + ATLAS +0.29 S 2 s T T
Run 1 [3] (a" HbB) 0.70 027 2.60 (370') ; ok tﬁ:+123/:§:\:an?;61 b \Bl:}(?esr?\a:::l:; 1.30);
ATLAS 201 5+2016 +042 § 8; Weightc;dbyS/B Dijet mass analysis
2 T
+0.40 8
CMS 2016 [5] (I 3.30 (2.80) =
0. S
[1] JHEP 01 (2015) 069 ©
[2] PRD 89 (2014) 012003 E
[3] JHEP 08 (2016) 045 Eoobhl b
[4] JHEP 12 (2017) 024 3 40 60 80 100 120 140 160 180 200

[5] PLB 780 (2018) 501 m,, [GeV]
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PRL 121(2018) 121801

VH, H->bb

« Select events with 0, 1, or 2 electrons or muons, consistent with a W or Z decay, and 2 b-
tagged jets

z
b-jet  bjet b-jet b-jet b-jet  b-jet
0-lepton 1-lepton 2-lepton
* b-jets and vector boson produced back-to-back
plus increased sensitivity for enhanced Higgs --m
N DT i nv T > 170 >150  50-150  >150
boson pr: categorise based on V pr . Y Gev eV oV

* Improve the di-b mass resolution
* Multivariate regression techniques
* Kinematic fit

Use a deep neural network (DNN) to separate signal and background

Fit for signal using the DNN as final discriminant, simultaneously fitting control regions to
constrain the major backgrounds.

DESY A. de Wit 29



Deep neural network (DNN)

Used in this analysis for
b-jet energy regression
Signal vs background discrimination

Discrimination between different types of background in some control
regions

4/5 hidden layers

+ skip connections
in some cases.
helps for very deep networks

DESY. A. de Wit 23



Improving di-b mass resolution S

> L L I L B B IR BB g
®2'5*CMS oo .

 |n all channels, di-b mass resolution
improved with DNN b-jet energy

Simulation Supplementary ;o

Powheg PYTHIA Z(I'l) H(bb) [
No recoil jets, pi > 150 GeV i '

Ent% G
N

regression DR ¥4
« In 2-lepton channel, additional L e esasow v,ff%/&"‘@, é\ E
improvement from use of kinematic fit ’1+p”;‘§;"i§e:‘ J1 “ﬁ -
- Validation using pr(jj)/pr(ll) in 2-lepton oS S PR

Z+HF control region = data described N ST
well by simulation after all techniques A

No regression, no kin fit Regression, no kin fit Regression & kin fit

41310 (13 TeV) 413" (13 TeV) 4130 (13 TeV)

T go T T T T e R S LA A B AR AR AN AR A 5 soof LT T T

2 - ¢ Dat [ Z+b_ - 2 C ¢+ Dat O Z+b_ . 2 C ¢+ Dat [ Z+b_ -

® r C M S [ ] Z:(:E) [1Z+bb 7 @ C C M S (] Z:(:E) []Z+bb . ® C C M S [ ] Z:(:E) [1Z+bb .

. ) [ W+udcsg a - B [ W+udcsg — - B) [ W+udcsg _

§ o250 Supplementary =W*;(::25) Wb i g 300F Supplementary =W+;(:£B) =1 3 g 700F- Supplementary =W"z(:25) Wb ]

it [ 2.4, High p_ , Z+bb enr o [ W+bb ] o C 2.4, High p__, Z+bb enr o [ W+bb 1 @ E 2.4, High p_ , Z+bb enr v [ W+bb E

] -~ - EEVVAF ] ] -~ - [ VV+LF & ] 600 4™ -l - [ VV+LF & =

200 [ Non-regressed jets [ JVV+HF g Single top B 250 — Regressed jets [IVV+HF  gmmsingletop ] C [JVV+HF g Single top 3

Oofwithou kin fit [ Z+udcsg [ MC unc. (stat) | - without kin fit [ Z+udcsg 2] MC unc. (stat.) 500i [ Z+udcsg [ MC unc. (stat.) 3

- ; . 2001~ = = E

150~ i - . ] 400F- -3

r ] 150 . c 3

100 3 E ] 300 3

C ] 100~ — 200F- E

50:* ; B 50 3 100E- E

Mkl q F 3 C ]

= n L | — L | 2 . " - - —— -
(o2} E o (o2}
@ @ @
-~ 1.4 ; 1 - -
S 1 s s
8 S 085 8
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Backgrounds

413" (13 TeV)

@ 10"°F
% - CMS ¢ Data [ ggzHob
W 408 Supplementary Il zHob [ Jvv+HF
. L 2w Lowp, [ ]z+bb [z+b
« Many different backgrounds play a role. otk Mzidscg M
] — i B vV+LF [l single top
LarQGSt V+Jets7 tt 10* i &% S+B uncertainty — VH,H—bb

« Use dedicated control regions to constrain .
the normalisation of these major backgrounds

« Control regions are defined by inverting

selections that define the signal regions to 2 1?_5 my
create control regions enhanced in C:g; USSP = -
tt, V+light jets, V+b-jets 0 oz os 06 o8 i
. DNN output
\ 2p low V pr signal region
SR tt V+LF V+HF V+HF
CR CR SR CR SR CR
TN
R
L
NAddJets b-tag discr My
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Background normalisation

« Example: constraining background -+ Similar strategy in O-lepton channel,
normalisations in 1-lepton channel 2-lepton channel Z+HF control region

. ff and W+LF background: single- is more pure and we fit the b-tagging
bin control regions discriminator distribution in 2 bins.

« W+HF background: DNN multi-
classifier to distinguish between

background components
413" (13 TeV)

4137 (13 TeV)

2 860000 F -
£ 10°F ¢ Data  EEWHbD = . CMS ; 2;‘;6 5y\'/"b:F
E . 4 EEZHbs  [JVV+HF L0 i lementar > *
W 10"+ Supplementary gwsbs  Emwsb ﬁﬂﬁﬁ ementary miwss  EIwsb
5¥V+l-)udscg g?bz I ’ I W+udscg [ ]Z+bb
6 + +udscg B
10° =T B VV+LF 40000 ] Z+b [ Z+udscg
[ Il Single top & S+B uncertainty r -tt_ B VV+LF _
104 — VH,H—bb I Single top % MC uncertainty
1-p Signal region i W+HF control
102 20000 region
1

1 -2
2" 2 = 102
s} 51
P g e S >~ 1 RS RIESRIIEEEER
o 1 00— 0@ ——gu——g—g . ; 8
R SV R Y-S T R o 0% | |

' ' ' ' W+bb tt W+LF  W+b To
DNN output P
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Background normalisation

Example: constraining background
normalisations in 1-lepton channel

- tt and W+LF background: single-
bin control regions

« W+HF background: DNN multi-
classifier to distinguish between

background components

“

413" (13 TeV)

* -
(0] 9 b
£ 10°F ¢ Data Il WHbb
c 8| CMS [l ZHbb [ JVV+HF
w 10"t Supplementary [W+bb @@ W+b
L 1-lepton (u) [ W+udscg [ ]Z+bb
10° [Z+b [ Z+udscg
F Bt B VV+LF
5 Il Single top % S+B uncertainty
4 — VH,H—=bb
10° | . .
1-p Signal region
102
1
1072
2
o 2
_8 N +%
O ‘ ) ) ) ) | ‘ \ L I L I
0 0.2 0.4 0.6 0.8 1
DNN output
A. de Wit

DESY

Similar strategy in O-lepton channel,
2-lepton channel Z+HF control region
is more pure and we fit the b-tagging
discriminator distribution in 2 bins.

+Normalisation in tt enriched CR
R 4 [ 3 +Normalisation in W+LF

R " “Venriched CR

&7 B"

0000 F
. CMS

| Supplementary E@ZHob  [JVV+HF
| 1-lepton (u), W-+bb enr. [ W+bb Ew+b

B W+udscg [ ]Z+bb

[]Z+b [ Z+udscg

Bt B VV+LF

[l Single top X MC uncertainty

ﬁ W+HF control

413" (13 TeV)

¢ Data Il WHbb

Entrieo§

40000

region

ZU000

0
Qo
1.0
; 1 0 B A ST EHIIIDE
8§ 095
W+bb tt W+LF W+b Top



A closer look at the signal regions

41307 (13 TeV) 1o 41307 (13 TeV) i 4137 (13 TeV) 41307 (13 TeV)
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A closer look at the signal regions
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Results of analysis on 2017 dataset

* Result of 2017 analysis: p=1.08 * 0.26 (stat.) £ 0.23 (syst.)

 Compatible with SM expectation
41.3 b7 (13 TeV)

——
Supplementary
pp— VH; H— bb
u=1.08 = 0.26 (stat.) + 0.23 (syst.)

ZH(bb)
w=0.84 = 0.54

WH (bb)
w=1.36=+0.57

0 lept.
u=0.72 + 0.65

1 lept.
u=131+0.55

2 lept.
u=104=0.58

2 1 0 1 2

Best fit u
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Systematic uncertainties

» Total uncertainty ~0.34, statistical and systematic component of similar order

» Major sources of systematic uncertainty: background normalisation, size of
simulated samples, b-tagging

Uncertainty source Ay
Statistical +0.26 —0.26 Statistical: 0.26
Normalization of backgrounds +0.12 -0.12
Experimental +0.16 —0.15
b-tagging efficiency and misid +0.09 —0.08
V+jets modeling +0.08 —0.07
Jet energy scale and resolution +0.05 —0.05
Lepton identification +0.02 —-0.01
Luminosity +0.03 -0.03 Systematic: 0.23
Other experimental uncertainties +0.06 —0.05
MC sample size +0.12 -0.12
Theory +0.11  —-0.09
Background modeling +0.08 —0.08
Signal modeling +0.07 —-0.04
Total +0.35 —0.33
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Results
«  Combination of Run 1 + Run 2 VH(bb) analyses

M=1.01 £ 0.17 (stat) £ 0.14 (syst)
Significance: 4.80 obs (4.90 exp)

Run 2
2016
2017

Run 1

Combined

77.2fb" (13 TeV)
3
%’ - CMS ® Data
(o) I _
o B vH,H-bb
= [ vzz—bb
D.’ — XX .
'g 1000 S+B uncertainty
o
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fQ
%)
500 -
0 e S B S
1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1
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m(jj) [GeV]
DESY

A. de Wit

5.1fb™ (7 TeV) + 19.8 b (8 TeV) + 77.2 fb™ (13 TeV)

CMS e Observed
VH. H—bb — +10 (stat ® syst)
----- 2016
T 2017
; 10 (SYSt)
— .- 1.06 = 0.20 (stat) + 0.17 (syst)
ERTINON 1.19 = 0.39
..... ,. 1.08 + 0.34
— . — 0.89 = 0.38 (stat) = 0.24 (syst)
- 1.01+ 0.17 (stat) = 0.14 (syst)
|I|||i| PR SN ST S U TN ST SO TN AN SN ST ST S [N SN SO SR S N T S S
05 1 15 2 25 3 35 4
Best fit u
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Combination of H>bb analyses
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« Combine all published H=>bb results from CMS in Run-1 and Run-2
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» Theoretical uncertainties correlated between different measurements (signal,
background) and data-taking periods (signal)

 Experimental uncertainties considered correlated between measurements and
data-taking periods in some cases.
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Combination of H>bb analyses

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

CMS v Obsorved « Combine VH(bb) results
- +10 (stat @ syst) with:
H—bb w15 (SYSt) —
« Run 1+ 2016 ttH(bb)
stat  syst -
ggF 2.80 = 2.08 = 1.30 « 2016 boosted ggH(bb)
, « Run 1 VBF (bb)
VBF | ——— 2.53 +0.98 + 1.17
« p=1.04 £ 0.14 (stat) £ 0.14
ttH | —— 0.85 + 0.23 + 0.37 (syst)
WH .,_. 1.24 = 0.29 = 0.24 « observed (expected)
’ significance 5.60 (5.50)
ZH -e= 0.88 £+ 0.24 = 0.16
Combined -—- 1.04 £ 0.14 £ 0.14
coo v b b b b b b by

0 1 2 3 4 5 6 7 8 9
Best fit u

Sensitivity driven by VH(bb) analyses, with ttH also making a sizeable
contribution
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CMS-PAS-FTR-18-011

VH(bb) at HL-LHC

* HL-LHC: high-luminosity running of LHC, starting 2026. Expected Lnt=3000 fb-1

* Project existing analyses to study possible sensitivity at HL-LHC.
e Several scenarios for uncertainties considered:

 w/Run 2 syst. uncert (S1): Uncertainties are unchanged from current
implementation

w/YR18 syst. uncert (S2): Most experimental uncertainties scale down with the
square root of the integrated luminosity, until a lower limit is reached. Theoretical

uncertainties are assumed halved
« Also consider the results without any systematic uncertainties applied

13 TeV Sl 52

CMS — W/Run 2systuncert. (S1) Total uncertainty 7.3% | 5.1%

Projection —— w/ YR18 syst. uncert. (S2) - -
—— wiStat. uncert. only Signal theory uncertainty 54% | 2.6%
Inclusive 4.6% | 2.2%

300 fb™! |+ 0.10 (Stat); 0.12 (S2); 0.14 (S1)

Acceptance 2.7% | 1.3%
Background theory uncertainty | 2.8% | 2.3%

3000 o' ——+— 0.03 (Stat); 0.05 (S2); 0.07 (S1) . .
Experimental uncertainty 2.6% | 2.2%
b-tagging 22% | 2.0%

JES and JER 0.7%

° R S P M Statistical uncertainty 3.2% 3.2%

Expected uncertainty on Mo

Precision limited by theoretical uncertainties

DESY A. de Wit
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CMS-PAS-FTR-18-011

VH(bb) at HL-LHC
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Summary & Outlook

DESY

Presented latest CMS results on VH(bb) and combinations of H=>bb analyses
« We are entering the precision era
Results of projections of the analysis to HL-LHC luminosities also shown

* Work from experimental and theoretical community can lead to 5% precision
in signal strength measurements

In the shorter term many other interesting measurements to be done
« Differential cross section measurements

« Simplified template cross section measurements

« Searches for anomalous couplings in the VH vertex

* ... and more!

Who knows what might be around the corner
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Particle identification

Key; ‘ - Muon
Electron

e Charged Hadron (e.g.Pion)
— — — - Neutral Hadron (e.g. Neutron)
@ e e e« pPhoton

Transverse slice
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Electromagnetic
Calorimeter
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Cross-check of analysis strategy

41307 (13 TeV)
e

 Extraction of VZ, Z->bb CMIS AL
Supplementary
* Used to validate MVA methods: ops VZ: Z-s b5
re-train DNN to separate VZ, W =1.05 =022

Z->bb from other backgrounds,
extract signal strength

0 lept.
w=0.79 + 0.30
e u=1.05%0.22: compatible with
SM expectation
1 lept.
w=1.41zx0.44
l+
2 lept.
Vl w=1.14+0.34
4 L RN e
~ Best fit u
q
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