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Motivation for VH,H — bb and Previous results
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=H — bb an important missing piece of the “Higgs puzzle”:
= Provides direct probe of coupling to quarks

= Drives the uncertainty on the total decay width, and
thus on measurement of absolute couplings

"« =»The more Higgs boson decays we see, the less “space”

remains available for “undetected/invisible” decays
= \/H leptonic signhatures — suppression of multi-jet bkg / trigger
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How to make a use of the leptonic signatures?

0'|ePt°f‘ 1-Ieptor: 2'|ept°fn Performed with the pp collisions data at

Vs = 13TeV, collected in 2015 and 2016,
corresponding to an integrated luminosity
of 36.1 fb-1. [JHEP 12 (2017) 024]
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VH, H — bb selection o 10'E o stev.s61 Eé':(,;fwm;”) .
= 0/1/2Ilepton (e or p) % 103 2 leptons, 2 jets, 2 b-tags -éiﬁl -
tt _—

= Trigger based on single lepton and MET : e Singletop E
(MET also used for W—puv) 102—_ g;ég;t%ig’tzc’ ) g _

=  Htes 000 e re-Tit backgroun =

= 2 b-tagged jets with (> 45, > 20 ) GeV - = SMVH — Vbb x70 -
= Exactly 2 or 3 jets ( 0, 1-lepton), 10E

2 or = 3 jets (2-lepton)

= Requiring high pt(V) = improving S/B
ratio

= EXxploited in event categorisation:
= 75 <pr1(V) =150 GeV (2-lepton)
= p71(V) > 150 (all channels)
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Multivariate analysis
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analysis region

= Same inputs

= Separate VH(— bb)
from backgrounds,
denoted as BDTvn

Separate VZ(— bb)
from backgrounds,
denoted as BDTvz

= One BDT per channel and

= Two versions of the BDTs
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= A fit to a multivariate discriminant (BDT) is
performed to separate signal from
background

= MVA analysis: VH(— bb) fit on BDTvx
= Validation: VZ(— bb) fit on BDTvz
= Cross check: VH(— bb) fit on mus

A likelihood fit is applied across channels

and multiple analysis re}gions to extract the
ignal strength = —2="~_ and the

sigha s e. gth « = (% BR)sy

normalisations of the main backgrounds

Shapes and relative normalisations across

regions parametrised by nuisance

parameters (NPs), constrained within allowed

systematic uncertainties (priors)
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= Distribution of best discriminating variable myp

= Non-resonant backgrounds from W+jets, Z+jets, and single top

= \W+jets / Z+jets is mainly suppressed by b-jet requirement (except W/Z+bb)
- IS mainly suppressed by the requirement on jet multiplicity

= Resonant backgrounds, used to validate the analysis procedure
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Background estimation strategy

a dedicated control region,
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Validation with VZ production

VZ, Z — bb as signal, fit on BDTyz

Events /0.2

Data/Pred.

Events /0.2

Data/Pred.

L ATLAS
{s=13TeV,36.1fb"

1 lepton, 2 jets, 2 b-tags
p;f > 150 GeV

T
—e— Data
B VZ - Vbb (u=1.11)
e WwW
mm Vh

-
(@]
>

it
m Single top
Multijet

10°

102

o —
(6, OIS )|

10*

10°

102

0.5

}

!—:&::2
H

I W+(bb,bc,cc,bl)
m Wil

Wl
I Z+(bb,bc,cc,bl)
Uncertainty
----- Pre-fit background
= SM VZ — Vbb x 20

*

=

-1 0.8 0.6 -0.4 0.2

0 02 04 06 08 1
BDT,, output

B

—e— Data

mm VZ — Vbb (u=1.11)
ww

m Single top
mm W+(bb,bc,cc,bl)
Wacl
Wl
B Z+(bb,bc,cc,bl)
Uncertainty
----- Pre-fit background

= SM VZ — Vbb x 10

e

LS

L

-1 08 06-04-02 0 02 04 06 08

1

BDT,, output

Events /0.2

102

10

- ATLAS
{s=13TeV,36.1fb"

2 leptons, 2 jets, 2 b-tags
p;f > 150 GeV

L L o R
—e— Data B
B VZ - Vbb (u=1.11)
m Vh 7
mm Z+(bb,bc,cc,bl)

mm Z+cl
Z+l
tt

[ Single top

I W+(bb,bc,cc,bl)
Uncertainty

----- Pre-fit background
= SM VZ — Vbb x 10

il e

— R BEESEEEE R

K + —= - S & N\

—— M N Sal S

. ;Vl\l\\I‘I\I|\I\|I\I‘Il\l\l\ll\llll\l\\F
-1 08 -06-04-02 0 02 04 06 08 1
BDT,, output

WZ

7

Comb.

1

36.1 fb-! of Run-2 data

tr\lj. 8 T | T T T T I T T T T I T T -I._l datlal T T | T T T T
o 10°s ATLAS mmVZ — Vbb (u=1.11)
N A mwWw
£ o7k Vs=13TeV,36.11 = Vh
) tt
kT 10° 0+1+2 leptons mm Single top
, i Multijet
] 2+3 jets, 2 b-tags mm W+(bb,be,cc,bl)
10 W+cl
W+l
10* B Z+(bb,bc,cc,bl)
m Z+cl
10° Z+Il
10?
10
1
8 of
L E
S O ]
o- 0 0.5

{
n
o

B N LR BN I B DL BRI B
ATLAS VZ,Z(bb)  1s=13TeV, 36.1 fb’
— Total — Stat.
(Tot.) ( Stat., Syst.)
+0.60 [ +0.24 +0.55
o oy | 1.02 -0.57 (—0.24’—0.52)
Ho 4 113 % (Y016 2020 )
| 0.2 0.12 0.22
+0.25 +0. +0.
i e 111 5% (Jois =4ﬁ>
IIIIIIIIIIII|IIII|IIIIIIIIlIl|||:|III||III

0 1 2 3 4 5 6 7 8

Best fit uo

|

5.30 expected significance
VZ,Z - bb

Compatible with SM expectation
within 1o

|

5.80 observation of

|

Validates BDT analysis


http://smvhbbfitting.web.cern.ch/SMVHbbFitting//Results_UMVA/plots/SMVH_LHCP17_MVA_v03.UMVA.01_fullRes_VHbbRun2_13TeV_UMVA.01_012_125_Systs_use1tagFalse_mva/breakdown/index.html

MVA analysis fit

VH, H — bb as signal, fit on BDTv
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Impact of systematics in MVA analysis

= Systematic uncertainties are dominant

Source of uncertainty o
Total 0.39 . - T
Statistical 0.24 = Main systematic uncertainties:
Systematic 0.31 . . .
Exporimental uncertaintios = Signal mOf:Ielllng (don.unated by.
Jets 0.03 extrapolation uncertainty from high pT(V)
ETSS 0.03 . .
Leptons 0.01 to inclusive phase space, _and presently
- T by parton shower/underlying events
-jets )
b-tagging | c-jets ! ' 4 SySte mati CS)
light jets 0.04 . .
extrapolation  0.01 g Slgnal uncertainty doesn’t affect the
Pile-up 001 significance
Luminosity _ 0.04 = Background modeling
Theoretical and modelling uncertainties o ) )
Signal (similar contribution from all the

backgrounds, with a statistical
component from floating normalisations)

= B-tagging calibration uncertainty

Floating normalisations
Z+jets

W +jets

1t

Single top-quark
Diboson

Multijet

= Limited size of Monte Carlo samples
(despite generator slicing/filtering)

MC statistical




Cross check fit: dijet mass analysis

36.1 fb-1 of Run-2 data

= A fit to mpp Observable is applied
o 12-amas ' Slpata S .
B [ s-13Tev,361M" !\6:1 :’s’o‘ﬁ"" w=130] = An additional pt(V) category at 200 GeV
— 10__ 0+1+2 leptons — U rtainty - . ]
D | 2ajes2bgs ST = Additional cut on AR(b1,b2), getting
] 8"_ Weighted by S/B Dijet mass analysis N . . . .
o 9 : tighter with increasing p1(V)
O
£ = |mportant validation of MVA analysis
D
3 = Higgs boson signal strength:
= _ +0.28 +0.37
& p = 1.30755- (stat.) " 59 (Syst)
o L - L
= = 2.80 expected significance
2]
5—2;1., T N T R P T 1 11
€ 740 60 80 100120 140160180200 3.50 observed significance

m,[Gev] = Consistent result with MVA analysis —

solid results

All analysis regions combined,
weighted by their S/B, with all
backgrounds except VZ subtracted.
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Combination with Runt

Q qgop. T o Data _
T T | T T T l T T T I T T T | T T T l T T T S ATLAS - VH N Vbb (u=090)
ATLAS VH, H(bb) YS=7 TeV, 8 TeV, and 13 TeV & 109 vg -7 TeV , 4.7 fb-1 - D_iboson
[Ldt=4.7 6", 20.3 fb™", and 36.1 fb” S . e _1 t
—Total - Stat. 2 10°e Vs =8TeV,20.3fb i Single top
: (Tot.) ( Stat., Syst. ) 107E- Vs =13TeV, 36.1 b - :‘,"v“'(tggtbc ccbl)
: + 3 H H
7TeV| p——e—- 1.61 *150 (+1.22 +087 6 Wael
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i 10°
13 TeV Hed 1.0 *042 (+024 4034 10°
‘ - -0.36 (—0.23 v —0.28 ) 10
[ - ------------ ;)-;.’;" 0.18 (;-2-1““
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Comb. <W' 090 "5 (Z0185 019 ),> —
1 1 | 1 1 1 i 1 1 | 1 1 I i 1 1 1 | 1 1 1 E
—2 0 2 4 6 8 B
Best fit p> for m =125 GeV &

log, (S/B)

= Run-2 MVA VH, H — bb analysis is combined with the corresponding
Run-1 analysis

= 4.00 expected significance
= 3.60 observed significance
= Fitted signal strength compatible with SM within 0.40

11



Conclusions

II||I||I|I|I|I|III|III|I

3 1 2__I lqlTlqulsl b —e— Data __ |||||||| L B

» [ \5-13TeV,36.1 1" = VH — Vbb (u=1.30) ATLAS VH, H(bb)

= 10 0+1+21leptons I Diboson .

9 | 243 jets, 2 b-tags Uncertainty 7 — Total Stat.

& gl Weighted by S/ B (Tot.) ( Stat., Syst.)

QO L _

5 : wH e - 121 0 (9, 05%)

L g ]

c -

(®)] _

.G_J 4_ — _—

= : ZH| v 0.69 WL (19, 9%)

> _F ]

o 2r —

O JE Y

o N \ , 4

—  OF N N Comb. Ko +0.28 [ +0.18 +0.21

@ - 0.90 % (0185019 )

*GC_J'—Z__I| | | | | | |'_ _1IIII6IIII1IIII2|IIIIélIII4|-IIII5|IIII6|IIII7|IIII8

> 40 60 80 100120140160180200 bE

L Best fit u> for m =125 GeV
m  [GeV] VH

3.60 evidence (4.00 expected) has been obtained for VH (— bb)

Within the present ~25-30% uncertainty on J, the result compatible with
Standard Model (SM) prediction
Assuming the SM production rate, results consistent with the Yukawa
coupling to b-quarks in the SM
More than 3 times data in full Run2, this is definitely only the first step of a
wonderful journey
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Let's have a look at the production mode

Production mode

Primary
signature

g, N )OO ,'Lt) \\t
. /
000000 OC‘,"C‘;"‘/ y

vector boson fusion (VBF)

" N q
wz, H
W.Z

q > £

q

2 VBF jets

Huge multi-jet background

Triggering possible at high pt(H), but S/B
expected to be ~ O(0.1%)

Jet substructure analysis by CMS (pt(H)>450 GeV)

Large multi-jet background

Still a fully hadronic final state: trigger and
background modeling is challenging

Additional y helps (~similar sensitivity, higher S/B)

w,Z

Exploit leptonic signatures for trigger, and
suppression of multi-jet background.

Main search channel for H — bb at the LHC!

Leptonic signatures for trigger, but challenging
due to combinatorics and tt+bb backgrounds

But gives access also to top quark coupling!

14



Detalls In the event selection

Selection O-lepton 1-lepton 2-lepton
e sub-channel 1 sub-channel
Trigger Emiss Single lepton Emiss Single lepton
Leptons 0 loose leptons 1 tight electron | 1 medium muon 2 loose leptons with pp > 7 GeV
with pt > 7 GeV pt > 27 GeV pt > 25 GeV > 1 lepton with pt > 27 GeV
Emiss > 150 GeV > 30 GeV — —
Moy — — 81 GeV < myy < 101 GeV
Jets Exactly 2 or 3 jets Exactly 2 or > 3 jets
Jet pr > 20 GeV
b-jets Exactly 2 b-tagged jets
Leading b-tagged jet pr > 45 GeV
Hr > 120 (2 jets), >150 GeV (3 jets) - -
min[A¢(ER jets)] > 20° (2 jets), > 30° (3 jets) — —
Ap(Emis= pb) > 120° — —
Ap(by, bo) < 140° - -
Ag(ERi=, EXs) < 90° R R
py regions > 150 GeV (75, 150] GeV, > 150 GeV
Signal regions v mpp > 75 GeV or myep < 225 GeV Same-flavour leptons
Opposite-sign charge (pp sub-channel)
Control regions — mpy < 75 GeV and myo, > 225 GeV Different-flavour leptons

15



2-|ept0n Nsig,exp= I 02
0'|ept0n Nsig,exp=98 1 -|ept0n Nsig,exp=97

X

A\ ,
E 3P E XY:

\

A YEEr-Yia




Arbitrary units / 5 GeV

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

HIQQS mass reconstruction mBB

_ ATLAS Sur:nulan'on o I@ o Sharpening signhal mass peak directly
e T > improves sensitivity
- e o Two most important corrections:
_ § J() e = p-in-jet corrections: if available,
T e — add muon to jet momentum
g (+13%)
LI AL ~ = For 2-lepton channel ( = 3jets),
3 25 .. use full kinematic likelihood fit,
TR w0 w0 e T mb on exploiting constraint
: : o
- Drpp = ) PT | (r20%)
T
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ttbar background

OK, S/B is what we care about! dRBB

low p1(V/H)

= H — bb is a simple 2-body decay
= For high pt(H), can require
= low AR(bb)

= With almost no loss in signal efficiency

= Backgrounds (esp. ttbar)
significantly suppressed
by these requirements!

= First realised in the
context of jet substructure
[PRL 100:242001, 2008,
Butterworth et al.,
ATL-PHYS-PUB-2009-088]

high pt(V/H)
18



Control regions

= Dedicated control regions (CRs) are defined to
better isolate specific background

Control region W+HF

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 3 700" atas | epma T

Channel | Iepton 2 Iepton 2 E {s=13TeV,36.1 fo" :VH veb .

___________________________________________________________________________________________________________________________________________________ _%’ 600 2 leptons, 2 jets, 2 b-tags 3?35;?&, —

_ . C 75GeV <p!<150GeV - Pre-fit background  J

, - Mpp < 75 GeV | Same as signal, but 5001 eu CA =

Selection ; - :

mtop > 225 GeV requwe e+l final state 400 =

Analysis LN 2-/ =3- jets - E

regions l - low / high-pt(V) e ™

-----------------------------------------:---------------------------------------------": ---------------------------------------------------------- 100;\'\'\'\'\|\'\'\'\'\'\': _:

Purity ~75-80% >99%

.................................................................................................................................................. s 15T T T T I L L I T I —]
. E . ' g 1 E ; . PARARAP SRR ®- * ®

Fit observable : Yield only ; Mbb Y T S DI

: : Q 0 50 100 150 200 250 300

m,, [GeV]

= Due to the very different regions of phase space
probed, the ttbar background model in the 2-
lepton channel is decorrelated from the 0- and 1-
lepton channels

mob distribution in CR
used to constrain
systematics on mpp shape

= |n total 8 signal regions and 6 control regions
19
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Multl Variate Analysis techniques

%106 T ..,ba.ta.l.|....|..
E - —
o = ATLAS M VH — Vbb (1=1.20) 3
= - (s=13TeV,36.11" - t[Ehboson ]
5 105_5 1 lepton, 2 jets, 2 b-tags = Single top -
s E pY > 150 GeV Multijet 3
0>-> r 7 mm W+(bb,bc,cc,bl) ]
¥m} 104:_ Wicl —
E Wi 3
r— Il Z+(bb,bc,cc,bl) 3
- H mm Z+cl 7
10°E Z+Il -
Uncertainty 3
----- Pre-fit background |
5 = SM VH — Vbb x 40
10
10
: = — T T T T
8 1.5 : \%\
o Fe % N %\M
= 1 E T—e— T * : 3
g 0_5 __I 11 | | 111 | | 1111 | 1111 | 1111 | | T ] I '1'__
150 300 350 400 450
py [GeV]

Events / 0.25

pr(V)

Variable O-lepton 1-lepton 2-lepton
pY X X
EZ,?"SS X X X
pgl X X X
pr X X X
Mpp X X X
AR(by, by) X X X
|An (b1, b2)| X
A¢(V, bb) X X X
|An(V, bb)| X
Mef X
min[A¢(¢, b)] X
my X
Mee X
mtop X
|AY (V, bb)| X
Only in 3-jet events

et
pre X X
Mpbj X X

Data/Pred.

Events /0.13

10

10°

102

10

Data/Pred.

800:|_|||||||||||||| |||||||| Ilvv|||I|:)|atva|||||[v|||||||_|:

C —.— 7

c ATLAS mm VH > Vbb (1=1.20)
700 Vs=13Tev,36.1 1" i Diboson —

E 0 lepton, 2 jets, 2 b-tags == gingle top E
600 p¥ > 150 GeV mm W+(bb,bc,cc,bl) —

C T mm Z+(bb,bc,cc,bl) ]

E Uncertainty ]
500 # ----- Pre-fit background —

- —SMVH - Vbb x10
400F -
3001 -
2001 -
100 -
1.5_I\IIIII|III\‘IIII‘\\Illl\\llll\\llllll‘_‘\lll\\II_E

1 SO O g gt g _‘_%*_Q_ ;
05 :r\\||||||||||\\||||\H||||H||||H|||||\\|-v-l-l\|\|1:
0 05 1 15 2 25 3 35 4 45 5
AR(b1,b2)
AR (b 1, b 2 )
T T Illsaltal e RN
= —o— =
£ ATLAS mm VH — Vbb (u=1.20) =
- {s=13TeV,36.1fb" — tI%iboson .
- 0 lepton, 3 jets, 2 b-tags = Single top —
L pY > 150 GeV mm W+(bb,bc,cc,bl) —
=T ' Wacl =
- Wl 3
L B Z+(bb,bc,cc,bl) 4
L o Z+cl _
....... Z+Il
Uncertainty —
----- Pre-fit background I
= SMVH — Vbb x50 ]

-

II||II|III|III|I\I|I\I|II||III|III|II|__

o v v b b b v v by =

0.5 B

-06-04-02 0 02 04 06 08 1
BDT,,, output
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Separate signal and
background

Events / 50 GeV

- L B o o o o R ™
- —e— Data
- ATLAS mm VH — Vbb (u=1.20)
2500~ {s=13Tev, 36.1 fb" i Diboson
0 lepton, 3 jets, 2 b-tags == gingle top
pY > 150 GeV mm W+(bb,be,cc,bl)
T mm Z+(bb,bc,cc,bl)
Uncertainty

Data/Pred.
o
3

..... Pre-fit background
= SM VH — Vbb x 60

f

K + -
I T T R B P
0 100 200 300 400 500 600 700

My, [GeV]

Mph ]

Use Multi Variate
Analysis (BDT) to
combine all observables
into a single final
discriminant

One BDT per channel
and analysis region




Fit and validation strategy

= A likelihood fit is applied across Xc:lglRannels and multiple analysis regions to

extract the signal strength »= 7 — and the normalisations of the main
backgrounds

= Shapes and relative normalisations across regions parametrized by

nuisance parameters (NPs), constrained within allowed systematic
uncertainties (priors)

= A nominal analysis (main observable: BDTVH output), two validation
analyses (main observable: BDTVZ output and mbb).

BDT (vH, H—bb) BDT vz z-bb) Mbb

(V') N IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII > |||||||||||||||||||||||||||||||||||||
A —e— Dat o 4l —e— Data o 160 —e— Data
S = ATLAS mm VH —>Vbb(u 1.20) S 10°E ATLAS B VZ — Vbb (u= 111) 0] - ATLAS == VH —>Vbb(u 130)
& C Vs=13Tev,36.110" i Dibos 2 E {s=13TeVv,36.11b" R = - {s=13TeV,36.1fb" mm Dibos —
€ | 11epton, 2 jets, 2 b-t " © C 0lepton, 2 jets, 2 b-t - Vh = 140 5 teptons, = 3jets, 2 bt m-Ze(Bbbccob)
I 104 L epton, 2 jels, -1ags -Singl t p | S B eplon, < jets, -lags tt ] * C eptons, = J jets, -lags -Z cl ]
T E pY>150GeV Multijet 3 w pY > 150 GeV mm Single top c T 150 GeV < pY <200 GeV it
T - VWi (bbboceb) LT -W(bbb cbl) - ¢ 120 T £ Uncertainty
Wic = Wic ] anam
W+ || . 5 Wi || B
10° feeetre- mm Z+(bb,be,cc,bl) _ 10°E mm Z+(bb,bc,cc,bl) T
E ! Uncertainty 3 A o A S Uncertamty =
-=«u Pre-fit background ==« Pre-fit background —

== SMVH — Vbb x20 - = SM VZ — Vbb x 10

10?

U' 5 __‘ I‘I\l‘ll\l\l\l\ ||| |‘|\|‘|\||\|\_+_\| ‘__ _c' 5 __l T | T 1T | 1T ‘ T 1T ‘ T T | 1T | 1T | T 1T ‘ L | T |__ _D' 1.5 E T T T T T | T L

[ E . o E 7 [

% 1 Wﬁ%@\\% a i %mmwm\\k\\m % 1 %s\wk _3_—&— + WS W_\{_#_)#\\\Q\

® 0.5 Bl \ l | | \ \ | N 05 B el e ® 0.5 B

a -1 -08 06-04-02 0 02 04 06 08 1 e -1 -08 06-04-02 0 02 04 06 08 1 e 20 40 60 80 100 120 140 160 180 200
BDT,,, output BDT,, output My, p [GeV]

21


http://smvhbbfitting.web.cern.ch/SMVHbbFitting//Results_UMVA/plots/SMVH_LHCP17_MVA_v03.UMVA.01_fullRes_VHbbRun2_13TeV_UMVA.01_012_125_Systs_use1tagFalse_mva/breakdown/index.html

Systematic uncertainties

Z + jets

Z + Il normalisation 18%
7 + cl normalisation 23%
Z + bb normalisation Floating (2-jet, 3-jet)
Z + be-to-Z + bb ratio 30 — 40%
Z + cc-to-Z + bb ratio 13 — 15%
Z 42+ b ratio 2k Summary of the systematic

-to-2 lepton ratio 0
My, P S uncertainties in the background

W + jets _

W + Il normalisation 32% mOdelllng for

W + ¢l normalisation 37%

W + bb normalisation Floating (2-jet, 3-jet)

W + bl-to-W + bb ratio 26% (0-lepton) and 23% (1-lepton) » 7+ jets

W + be-to-W + bb ratio 15% (0-lepton) and 30% (1-lepton)

W + cc-to-W + bb ratio 10% (0O-lepton) and 30% (1-lepton)
0-to-1 lepton ratio 5% .

W + HF CR to SR ratio 10% (1-lepton) = W +jets
Mpb, p¥ S

tt (all are uncorrelated between the 0+1 and 2-lepton channels)

tt normalisation Floating (0+1 lepton, 2-lepton 2-jet, 2-lepton 3-jet) = ttbar
0-to-1 lepton ratio 8%
2-to-3-jet ratio 9% (0+1 lepton only)

W 4+ HF CR to SR ratio 25% - 1
o . single top quark

Single top quark

Cross-section 4.6% (s-channel), 4.4% (t-channel), 6.2% (Wt) i -
Acceptance 2-jet 17% (t-channel), 35% (W) = multi let prOdUCtlon-
Acceptance 3-jet 20% (t-channel), 41% (W)

Mbb, P S (t-channel, W)

Multi-jet (1-lepton)
Normalisation 60 — 100% (2-jet), 100 — 400% (3-jet)
BDT template S
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Systematic uncertainties

YA

Normalisation

0-to-2 lepton ratio

Acceptance from scale variations (var.)
Acceptance from PS/UE var. for 2 or more jets
Acceptance from PS/UE var. for 3 jets

mup, py, from scale var.

mep, py, from PS/UE var.

mpp, from matrix-element var.

20%
6%
10 — 18% (Stewart—Tackmann jet binning method)
5.6% (0O-lepton), 5.8% (2-lepton)
7.3% (0-lepton), 3.1% (2-lepton)
S (correlated with W Z uncertainties)
S (correlated with W Z uncertainties)
S (correlated with W Z uncertainties)

Wz
Normalisation 26%
0-to-1 lepton ratio 11%
Acceptance from scale var. 13 — 21% (Stewart—Tackmann jet binning method)
Acceptance from PS/UE var. for 2 or more jets 3.9%
Acceptance from PS/UE var. for 3 jets 11%
M, Py, from scale var. S (correlated with ZZ uncertainties)
mpp, Y, from PS/UE var. S (correlated with ZZ uncertainties)
mpp, from matrix-element var. S (correlated with ZZ uncertainties)
Ww

Normalisation

25%

Signal

Cross-section (scale)

Cross-section (PDF)

Branching ratio

Acceptance from scale variations (var.)
Acceptance from PS/UE var. for 2 or more jets
Acceptance from PS/UE var. for 3 jets
Acceptance from PDF+ag var.

Mpp, p%, from scale var.

Mpp, Py, from PS/UE var.

mys, py, from PDF+asg var.

p¥% from NLO EW correction

0.7% (qq), 27% (g99)
1.9% (qq - WH), 1.6% (qq — ZH), 5% (g99)
1.7 %

2.5 — 8.8% (Stewart—Tackmann jet binning method)

10 — 14% (depending on lepton channel)
13%
0.5 -1.3%

0 n n wn
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Summary of the systematic
uncertainties in the background
modelling for

= diboson

= Signal



post fit scale factor

Process

Normalisation factor

tt 0- and 1-lepton
tt 2-lepton 2-jet
tt 2-lepton 3-jet

|44

HF 2-jet

W + HF 3-jet

7 -

- HE 2-jet

7 -

- HE 3-jet

0.90 =
0.97 -
1.04 -
1.22 -
1.27 =
1.30 =
1.22 =

- 0. ]

- 0.08
- 0.09
- 0.00
- 0.1
- 0.1

4

1
0

- 0.09
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Factors applied to the nominal
normalisations of the ttbar, W+HF
and Z+HF backgrounds, as obtained
from the global fit to the 13 TeV data
for the nominal multivariate
analysis, used to extract the Higgs
boson signal. The errors include the
statistical and systematic



Cross Check fit: mpp

Channel B 8OOFT T T T RS RS LRRRE RN RS
Selection 0-lepton 1-lepton 2-lepton S - ATLAS :\[,)f,t: Vbb (1=1.20) -
mey - < 120 GeV - » 700 (s=13Tev,36.1fb" mm Diboson .
anlss g — 0 lepton, 2 jets, 2 b-tags — gingle top :
EF™ /St - < 3.5yGeV 3 600 p > 150 GeV mm Wi(bbbccebl)
- T B Z+(bb,bc,cc,bl) ]
C Uncertainty ’
T - 500— - Sl 0000 e Pre-fit background —
pr regions - — SMVH — Vbb x10 3
P (75, 150] GeV | (150, 200] GeV | (200, oo) GeV 400 —
(2-lepton only) B :
AR(by, by) <3.0 <1.8 <1.2 S00F E
200 -
= To fully exploit the High PT, the di-jet mass ooE E
analysis includes (on top of MVA analysis): 5 . .
. . '1.5_—L"'|""|""|"'l""l"""""'l
= An additional category for events with pr(V) & §\\+ e ++ +
> 200 GeV %O.S‘—.l.m,.m.lm..1.1..|. L +l4|
80 05 1 15 2 25 3 85 4 45
[ 3 AR(b b

Topological requirements that require
smaller AR(b1,b2) for the increasing pr(V)

Regions used in likelihood fit for the dijet-mass analysis

Categories
. 75 GeV< pt <150 GeV | 150 GeV< ptr <200 GeV | p1 > 200 GeV
Channel SR/CR 2 jets 3 jets 2 jets 3 jets 2 jets | 3 jets
0-lepton SR - - Mpb Mpb b My
1-lepton | SR plus W 4+ HF CR - - mpp mMpp Mpp mMpp
2—1€pt011 SR mMyp myy myyy myy mMyy myy
2 lepton epn CR Mpp mMpp Yield* My Yield* | mpy!
25 ~_ ~—~ — merged
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CMS v.s. ATLAS

* Analysis also performed by the other sister. [CMS]

mu(VHbb)

ZH(bb)
u=09+05

WH(bb)
p=1.7+0.7

0 lept.
L=0.0+05

1 lept.

2 lept.

CMS

1.19+0-21 ; o(stat)*0-34 5 3o(syst)

35.9 b (13 TeV)
'CIIViSII _I L L B B B
pp —» VH; H— bb
Combined u=1.2 + 0.4
L | T
-1 2 3
Best fit u
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WH

ZH

oL

1L

2L

Comb.

ATLAS

1.20%0-24_; ,5(stat)*0-34 o oe(syst)

- Stat.

1.35

ATLAS Prellmlnary
—Total

1s=13 TeV, 361 fo!

(Tot.) ( Stat.

+0.68
-0.59

+0.40
( -0.38

+0.50
-0.45

+0.34
( -0.33

, Syst. )

» 2045 )

» -0.30 )

+0.55

+0.37

IIIIIIIIIIIIIIIIIIII IIIIIIIIIIlIIIIIIII

ATLAS Prellmlnary 1s=13 TeV, 36.1 fb”

— Total — Stat. (Tot.) ( Stat. , Syst. )
o 045 93 (53 75%)
+0.69 0.40 +0.56
=== 1.43 -0.59 (t0.38 ’i0.45 )
0.78 0.51 +0.59
F—0—= 1.90 fo_Z,4 (to.49 J-ro.42 )
+0.42 0.24 +0.34
- HeH 1.20 4,_36 (2023 > 2028 )

IIIIE IIIIIIII |IIII|IIII|IIII|IIII|IIII|IIII
-1 0 1 2 3 4 5 6 7

bb

“VH


https://arxiv.org/abs/1709.07497

CMS v.s. ATLAS

*A close eye on the systematic uncertainties and significances.

CMS ATLAS

Individual contribution  Effect of removal to

Source Type to the y uncertainty (%) the p uncertainty (%) Source of uncertainty Tn

1 Scale factors (tt, V+jets) norm. 9.4 3.5 Tota.l . 0.39

2 Size of simulated samples shape @ 3.1 StatlstlcaF 0.24
Simulated samples’ modeling shape 4.1 2.9 Systematic 0.31

3 b tagging efficiency shape 1.8 Experimental uncertainties
Jet energy scale shape 4.2 1.8 Jets 0.03

5 Signal cross sections norm. @ 1.1 ET® 0.03
Cross section uncertainties norm. : 1.1 Leptons 0.01

(single-top, VV)

4 Jet energy resolution shape 5.6 0.9 b-jets
b tagging mista.g ra_te shape 4.6 0.9 4 b-tagging c-jets 002
Integrated luminosity norm. 22 0.9 light jets 0.04
Unclustergd. energy shape 1.3 0.2 extrapolation 0.01
Lepton efficiency and trigger norm. 1.9 0.1

Pile-up 0.01
Luminosity 0.04
Theoretical and modelling uncertainties
CM S A TL A S 1 Signal
. Floating normalisations 6(_)7\
Do Significance _
Channels  Significance Significance Dataset Z+jets 0.07
expected observed Exp. Obs. | Exp. Obs. 3 W+iets 0.07

0-lepton 15 0.0 O-lepton | 42%  30% | 1.7 0.5 tt 0.07

1-lepton 1.5 3.2 Single top-quark 0.08

2-lepton 1.8 3.1 I-lepton 3% 1.1% L8 23 Diboson 0.02

Combi 2-lepton 3.1% 0.019% | 1.9 3.6 Multijet 0.02

ombined € 28 332D Combined | 0.12% 0.019% € 3.0 3.5 q
2 MC statistical
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