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Towards the observation of H—bb:

Search for VH, H—=bb decays with 80 fb-
of 13 TeV ATLAS data

@5) llaria Luise, LPNHE - Paris | ;%% /709 =7
LAS On behalf of the ATLAS Collaboration
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INntroduction

Observed Motivation: Why H—bb ?
- Direct measure of the Yukawa coupling to down type quarks
' Highest Branching Ratio (58%) in SM:

Fill the gap left for possible new physics
“ " . Reduce uncertainties on Higgs width and couplings

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

2 photons ATLAS Pre|iminary Vs=7 TeV, 8 TeV, and 13 TeV

0.2% 4.7 ", 20.3 fo™", and 24.5-79.8 fb™
— Total Stat.

+1.59 +1.60
-1.58 » -1.64

+1.30 +0.46
-1.29 » -0.24

+0.73 +0.98
-0.71 » -0.89

)
)
)
+0.30 +0.56 )
)
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+2.26
VBF+ggF Runl| p———e—H -0.78 7,

+1.38

Summary. VBF+ggF Run2 —e—1 2.47 Ty
+1.22

Very nice results presented in Laurent’s talk today: » ttH Run Fle—-  1.50 |22
VH observation! ttH Run2 HeH 0.85 ogy

. VH Run1 o] 0.51 "%
H—bb observation! VH Runo L R

VH, H—bb is leading the sensitivity in these two results Comb.| w101 SEE
-4 -2 0 2 4 6 8 10 12 1

-0.29 » -0.53

+0.31 +0.25
-0.30 » -0.22

P - Y

This talk: focus on Run2 VH, H—bb measurement Significance
Channel Fxp. Obs

Analysis strategy + Signal&Bkg modeling VBF o+ geF 00 15

Results @ 80 fb-1 ttH 19 1.9
.. . VH 51 4.9
di-jet mass analysis and VZ, Z—bb crosschecks T =5 Combimation T 55 54

ATLAS-CONF-2018-036 llaria Luise, LPNHE Paris - Higgs Hunting - 23rd July 2018 2



http://cdsweb.cern.ch/record/2630338/files/ATLAS-CONF-2018-036.pdf

—vent Selection

Exploit leptonic signatures for trigger, and suppression of multi-jet background.
3 channels (0, 1, 2 charged leptons)

Exactly 2 b-tagged jets (70% eff. WP). Consider only 2-jet and 3-jet events (in 2-lepton > 3-jets).

O-lepton: 1-lepton (I=e,mu): 2-lepton (I=e,mu):
- Mainly Z—vv but also W—Inu - Mainly W—1v but also Z— 11 - Same flavor, mainly Z—11
* prV=MET. p1V> 150 GeV - prV =pr(LMET). p7V> 150 GeVV  + p1v=p7(ll) [75, 750] GeV, > 150 GeV
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se of NLO generators |

- Very different background composition in the three channels:

o
S
o
H
i

>
S - ATLAS Preliminary :3._?:1 Vbb (u=1.16) ] 0-|epton
8 L {s=13TeV, 79.8fb™ i Diboson
; 1000_ 0 lepton, 2 jets, 2 b-tags p— tstingle top
. S - 150 GeV W
Diboson: Sherpa 3 Pr -z :
P 5 800 Suweamy < VH: Powheg+Pythia8

—— SN VT — VDD X 5

W+jet: Sherpa 600

400

Singletop: Powheg+Pythia8

Z+jet: Sherpa

200

_qc)' 1 5 :_L I_+_II I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I T I_I;
1-lepton £ 1[- S S = 2-lepton
© = ]

> onnE LA B I LI I I L RN R © E T > IR R L L I I I L I
1800 Dat (UO_S_I'l|||||||||||||||||||||||||||||||||||||||||| O Data .
& "L ATLAS Preliminary :vﬁi Vbb (1=1.16) 7 B 0 50 100 150 200 250 300 350 400 450 500 & 250— ATLAS Preliminary : VH — Vbb (u=1.16) ]
K 1600 Vs=13 TeV, 79.8 fo! - tI%lboscm — m,, [GeV] < - s =13 TeV, 798 fbo! = glboson .
; - 1lepton, 2 jets, 2 b-tags = Single top ] ; [ 2leptons, 2 jets, 2 b-tags f 7]
c 1400 pV - 150 GeV Multijet - T 200 pY = 150 GeV mm Single top —
0 - T -SV . > N =‘l’lv taint .
L - | ] ] B XY Uncertainty T
1200¢ Uncertainty . B + -«= Pre-fit background ]
C e Pre-fit background ] 150— \ =—=SMVH — Vbb x7 _|
1000— ) —SMVH —Vbb x5 —] N i

800 > C

- E 100[—

600[— —_ B

400F = 5ol

200F- _ Multijet background ]
_o' 1 5 T T ‘ T TT T TT TTTT ‘ 1T \‘ T TT ‘ TTTT ‘ 1T \‘ T TT ‘ T 1T 1] data_drlven eStImatIOn _O' 1 5 1T \‘ T \:‘:\ T ‘ 1T \‘ IIIIIIII I _+_ ‘ T T 1]
o 3 O T F 4 3
= ] = s + + - —
. (template method) o Tt et Ty + N
E . -'(_U' 0_5 ;r\ 11 ‘ 1111 ‘ 111 ‘ 1111 ‘ 1111 ‘ 111 ‘ 1111 ‘ \\\\\\\\ 7;

Q 0 50 100 150 200 250 300 350 400 450 500 = 0O 50 100 150 200 250 300 350 400 450 500

m,, [GeV] m,, [GeV]
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Multivariate Analysis

Table: variables used in BDT training

Variable O-lepton 1-lepton 2-lepton
mjj v v v
AR(jety, jety) v v v
jetl
. o . . * ¢ v
Mpb is the most discriminating variable for VHbb signal: et v v v
14
. 124 v v v
e Construct Boosted Decision Tree (BDT) of several AG(V,H) v v v
. A AT At AN (jet1, jet2)| v
variables to have better discrimination. Moy (Magys) ‘|
. . EIIIISS = p \/
* mvb, ARbb and p7v are in order the most important min(Ad (£, jet)) d Y
. . 14
variables. full table in backup my v
AY (W, H) v
» Separate trainings for each channel and jet category.  Miop v
ET" significance v
An(V,H) v
™ My v
© 3 NS L L DL LN BLELEL BRSNS BLALELE L BLRLE :
5 10 = ATLAS Preliminary :%tea_) Vbb (1=1.16) E - Only in 3 Jet Events
* - (s=13TeV,79.8 " Diboson a T v v v
:]E) 1 lepton, 2 jets, 2 b-tags gingle top - mjjj v v v
o 104 pY = 150 GeV - :\’/Ivultiiet -
= mEZ -
N £ Uncertainty B L L T T T T T T T T T T T T TP T P P PP PP DT PP PP PP PP P PPPIPPTPPr
N T T Pre-fit background | . > P ETT T T T T T T > - . . — =
o — SMVH — Vbb x 20 P 818000 aTLaS Preliminay  maUA% vopatie) ] & | E ATLAS Prelminary  pmybatvenette 3 & 4000F ATLAS Preiminaty  pmmonveb(ett -
10° b 5 jRep i S I S (e B £ S
= 3 Zueok e A £ e ZwieT T 2 E T SwleT
: """ : H ng;?i?z:‘ctl‘(,ground : §§-§§:;z;tzg‘:¥ground _; Lu2500§_ %é\:?efz?gg‘:zground _: .
= = H 1000  gemeei —SMVH — Vbb x5 — SMVH — Vbb x 70 E E :««« —SMVH —Vbbx70 3
. 20000t -
102 """ — g 800 15002 ........ 3
- : 600 = & H3 S B el 7 W ==
mﬁ sobk I B By 1000 -
RS RN 0909090909090 T
. T 171 T T 7T T 11 T 11 T T 1 T T 1 T T 7T T T 7T T T 7T T 1 51'55‘—;“ ‘ ‘ ‘ S ‘ ‘ ‘HHE 8.1'5; ‘ ‘ ‘ ‘ ‘ ‘ E 3'55
Q 1F < pRr SRR \“MM@ S 0 50 100 150 200 250 300 350 400 450 500 = 150 200 250 300 350 400 450 8o 50 100 150 200 250 i
© C ] : m,, [GeV] pY [GeV] m(W) [GeV] &
'ES' 05 -_I L | L | L | L | L | L | L | L | L | L |__ r------------------------------------------------------------------------------------‘7-------------------------------------------------W --------------------
O 1 08-06-04-02 0 02 04 06 08 1 Mpp pPT mr
BDT,,, output
_ _ i llaria Luise, LPNHE Paris - Higgs Hunting - 23rd July 2018 5
ATLA NE-2018-036



http://cdsweb.cern.ch/record/2630338/files/ATLAS-CONF-2018-036.pdf

Signal extraction method

Binned maximum likelihood fit to extract signal strength and normalization of main backgrounds:
- Fit the final BDT output for each SR
- 8 Signal Regions (SR): (0,1,2-lepton high ptV+ low ptVin 2-lepton) x 2/3jet event
- 2 W+HF CRs in 1-lepton: (high pTtY) x 2/3jet event
* 4 top ey CRs in 2-lepton: (high ptV + low pt1Y) x 2/3jet event

---------------------------------------------------------------------------

---------------------------------------------------------------------------

Definition of the | Mewp+ >225GeV && .
- : Require eu final state

_________ O M TGy
Purity 75% 99%
Fit observable Yield only Mbb

----------------------- e e e e eSS s eSS e S eSS eSS S eSS eSS S S S S RS SRS SRS R e EEE-

+ Extract W+HF norm in : Constrain mpb shape
0+1 lep + systematics in 2-lep

- Systematic uncertainties on shapes and relative normalizations are parametrized by nuisance
parameters (NPs), constrained with priors (mostly from generator comparison).

*Miop = (j€to + lepton + vi).M() llaria Luise, LPNHE Paris - Higgs Hunting - 23rd July 2018 6



The fit model: floating normalizations

1-lep O-lep 2-lep
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1
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W + HF 2-jet 1.19+0.12 400, | ===
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Z + HF 2-jet 1.37+0.11 o: -
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VH, H—=Dbb fit results @ 80 fbo-

L() 109 % LI | T T | T T | LI | T T | T T | T T | LI
o = o -e- Data
e s ATLAS Preliminary B VH — Vbb (u=1.16)
2 195 5-13Tev, 798 10" Diboson
© 107L tt
Z 10" £ 0+1+2 leptons Single top

10° ;E 2+3 jets, 2 b-tags - ;"U"'let

- - W
10°

IIIIIlI]| IIIIII.II| IIIIII.Il| IIIII.I.Il| IIIII.I.lI| IIIII.I.lI| IIIII.I.lI| IIIII.I.lI| IIII|.|.lI|:

——

III|II_IH

03

35 B3 25 2 15 -1 05 0 05

log, (S/B)

Run 2 results (2015+2016+2017):

Signal strength parameter | Signal strength E;g}ilﬁczéng:;
0-lepton 1.04755 3.1 3.3
1-lepton 1.091095 2.4 26
2-lepton 1.387545 26 34
VH, H — bb combination 1.16 7 5% 43 4.9

4.90 (4 30 exp)

ATLAS-CONE-2018-036

*Single channel: Combined fit with 3 signal strength

|||||||||||||||||||||||||||||||||||||||||||||||||
ATLAS Preliminary VH, H(bb) Vs=13 TeV, 79.8 b
— Total Stat.
(Tot.) (Stat., Syst.)
WH —o—— 1.08 %05 (%027, 2034 )
0.33 +0.23 +0.23
ZH Fe— 1.20 737 (o235 Zo20 )
I T
1111 | IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
00.51152253354455
bb
Compatibility: 84% v

| —

S

*VH and WH: Combined fit with 2 signal strength

llaria Luise, LPNHE Paris - Higgs Hunting - 23rd July 2018


http://cdsweb.cern.ch/record/2630338/files/ATLAS-CONF-2018-036.pdf

Systematic uncertainties

EPST7: HIGG-2016-29

: IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII l.

Great effort to reduce the main

Source of uncertainty o

ot W T : systematic uncertainties.

Statistical 0.161 : EPS17 (36 fb-1) | ICHEP 18 (80 fb-1) F

Systematic 0.203 : :

Experimental uncertainties : | Total 0.39 0.26 :

Jets 0.035 - | Stat 0.24 0.16

B 0.014 :

Lantons 0,000 Syst 0.31 0.20 :
boiets 0061 | B

b-tagging | c-jets 0.042 b-tagging dominant experimental uncertainty
light jets 0.009
extrapolation 0.008

Pile-up 0.007

Luminosity 0.023

giz:;emal and modelling umergéégzes > This has a limited effect on the significance, but it is

important for Xsection measurements.

Floating normalisations 0.035

Z + jets 0.055

W + jets 0.060 . L

7 0.050 modeling uncertainties (shapes and norm)

Single top quark 0.028 compare different generators at truth level

Diboson 0.054

Multijet 0.005

MC statistical 0.070 -9 Can limit BDT sensitivity and induce fit instabilities
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Validation: the VZ, Z—bb analysis @ 80 fb-1

Validate the BDT analysis:
Same selection as VH
Retrain the BDT (same hyper-param.) using:

Same backgrounds (+VH) oL
VZ, Z—bb as signal
Repeat the fit on BDT_VZ to extract VZ, Z—bb u. L
L0 UL L BN BN B AL B T 2L
A SE +Data
© 10" ATLAS Preliminary VZ — Vbb (u=1.20)
- _ -1 ti
% 107:5 Vs=13TeV, 79.8 fb Single top Comb.
Lﬁ F 0+1+2 leptons Multijet
10° 5" 243 jets, 2 b-tags .z
= mw
107,
B oo

IIIIII.I]| IIIII.I.lIl IIIII.I.lIl IIIII.I.lIl IIIII.I.lIl IIIII.I.lIl IIIII.I.lIl IIIIIlI]l_I_IJ

— Total — Stat. (Tot.) ( Stat., Syst.)
He 112 95 (o 2oa7)
——o— 0.93 *0u (‘018 Tous )
o 1.33 05 (P05, fos0 )
"""""""" -

ATLAS Prellmmary VZ, Z(bb) s=13 TeV, 798fb1

Compatibility: 47%

| —

Fit to diboson VZ, Z — bb (>>5cr)

- 0.20
;q MVZ — 1 20+0 18

Signal strength com,oat/b/e with SM as expected.

analysis procedure is validated!
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Crosscheck: di-jet mass analysis

Analysis strategy: Channel
. . Selection 0-lepton 1-lepton 2-lepton
- Fit the m(bb) spectrum of the two jets system. iV ] < 120 GeV
- More regions: split in more p71V bins. I Ex"™ /V/Sp - - < 3.5V/GeV
* Add extra cuts to suppress V+jets and ttbar. ¥ regions
14
........ T T (2-lepton only)
ATLAS Preliminary VH, H(bb) Vs=13 TeV, 79.8 fb™ AR(Dy, by) <3.0 <18 <1.2
OI— CBA I_t_l 1.03 jg:: (tgg(()) ’ tggz ) ’T [T | T T T T TT | T T | T T | T T | T T | ]
: +0.34 (4025 +0.24 io) ~ ATLAS Preliminar Data
OL: MVA S 104 o5 (o2es 021 ) 2 185 5 137ev 7081 Y B VH — Vbb (1=1.06) —
) . 1.39 +0.71 (+0.36 +0.62 ) ’ C Diboson ]
1L: CBA —t—e—— 062 \-0.35° -0.51 o B 0+1+2leptons Uncertainty ]
1L: MVA ——lo—— 109 2 (05 03s) % J 4| 2riets 2biags E
oL: CBA - - 0.85 fg.':: (fg':f , tgl.gg ) 8 1 25 Weighted by Higgs S/B Dijet mass analysis E
2L: MVA f—e—-n 1.38 0 (%03 0z A :
Comb: CBA -—o——i 1.06 "3 (‘020 oz ) % 105_ _E
Comb: MVA 1111 | 111 IFI:I.I:I4I| IIIIIIII |1I.I1I6I |-|T-gl::lgl | I(Itlgllgl’ Itlé)l12$ I)I 11 .5 8:_ _:
005 1 15 2 253 35 4 455 = 6L -
bb - .
MoH > 4F -
3.60 (3 50 exp) =ga E
= b e O:\+\_\\_\+? 1 ]
| +0.36 =~ O -
N MVH T 1 ()6 O 33 -|GC_)' _2__I | L 11 | L1 1 | L1 1 | 1 11 | L 11 | L 11 | L1 1 | L1 1 | I__
z 40 60 80 100 120 140 160 180 200

The di-jet analysis is 27% (19% for exp. ) less sensitive than the MVA analysis.
m,, [GeV]
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Conclusions & Run1+Run2 Combination

Run2 VH, H—bb:
- MVA analysis: apply fit on BDT discriminant (14 regions in the fit: 8 SRs + 6 CRs)

- Signal strength compatible with SM expectation:
= 1161057 4.90 (4.30 exp)

- Successful validation with VZ, Z—bb analysis

. Independent crosscheck with di-jet analysis compatible with MVA: 5 = 1. 06+8 22 [3.60 obs.]

- Combination with Runi results (20.3+4.7 fb-1):

ATLAS Preliminary  15=7TeV,8TeV, and 13 Tev
VH, H_’bb —Total Stat. 47 fb 20.3 fb and 79.8 fb
Run1+Run2 combination: VH, H(bb) ~ (Tot.) (Stat., Syst.)
fit results @ 20.3 fb-1+4.7 fo-1+79.8 fb- WH F—e—— 1.08 03 (05, 057 )
1t = 0. 98+ 8 o H | et 0.2 0B (93, 701)
4.90 (5. lo eXP') Comb. -0+ +0.22 4014 +0.17
— e — 098 7,57 (L0406 )
ENININE NIRRT AT Lo bvv s b v by v bvv o vy

O 05 1 15 2 25 3 35 4 45 5
bb

Compatibility: 72% Mon
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Backup
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Full picture of the simultaneous fit:
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Arbitrary units

MV2 score for I,c,b jets

10

El TT I T TT I TTT I TTT l TTT l T TT ' T 1T I T 1T l T TT ' TT IE
- ATLAS Simulation Preliminary

15— \/§=13TeV,t’f — bjets E
- — - cjets -
i - - -- Light-flavour jets

107'E

1072

i

107

-
IIIIIII|III|III|III|III|III|III|III|II-

Lol N

-1

-0.8 -0.6 -04

-02 0 02 04 06 038 1

MV2c10 BDT Outout

ratio to MV2 c-jet rejection

c-flavour jet rejection for € =77%

2017/2016

STagging in ATLAS

10

vvvvvv

V=13 TeV, i

— MV2Mu
— MV2MuRnn

Poidiiil

1

-k b -

/

ooo

ON®P®© oW d e

0.6

()}
(3}

09 095

b-jet efficiency

065 07 075 08 085

—

C-jet rejection

---------------- - ATLAS - Simulation-Preliminary - —
S T PRV ot
jon
tion

A rati
rauor]

nfiauration---- -
AHguraton

TITTTT II!IIIIIIH TTTT]TT

200

1200 1400
Jet P, [GeV]

400 600 800 1000

ratio to MV2 light-jet rejection

Light-flavour jet rejection for & =77%

2017/2016

o

llaria Luise, LPNHE Paris - Higgs Hunting - 23rd July 2018

ATL-PHYS-PUB-2017-013

10*

10°

10?

ET

R

P RRA

1T TATLAS T Simdiation Preliminary”

............ MVZMU
; : —— MV2MuRnn

1 III\IIII

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

| TTT || ||| |||._..A.|...A|,,.}A|,|.H.|I,

)

25

1.5

0.5

'cn-llllllHl III|I
” ;

I|III|HI III|III|III|III|III

06 065 07 075 08 08 09 095

b-jet efficiency

Light-jet rejection

7-Configuration

in '+ 2017 configuration

Bt

1200 1400
Jet < [GeV]

200 400 600 800 1000

15



—vent Selection

Table: same event selection as EPS 2017

Selection 0-lepton 1-lepton 2-lepton
e sub-channel 1t sub-channel
Trigger ET° Single lepton Er™ Single lepton
Leptons 0 loose leptons 1 tight electron 1 tight muon 2 loose leptons with pp > 7 GeV
with pp > 7 GeV pr > 27 GeV pr > 25 GeV > 1 lepton with pp > 27 GeV
ET™° > 150 GeV > 30 GeV - -
My — — 81 GeV < my, < 101 GeV
Jets Exactly 2 / Exactly 3 jets Exactly 2 / > 3 jets
Jet pr > 20 GeV for |n| < 2.5 and > 30 GeV for 2.5 < |n| < 4.5
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)

AG(ESSS | bb) > 120° - -
A (by, by) < 140° - -
A¢(E’1i‘nlss7 Erlfl'l’ltsrsk) < 900 . .

vV )
pr regions

> 150 GeV

75 GeV < p¥ < 150 GeV, > 150 GeV

Signal regions

my, > 75 GeV or my,, < 225 GeV

Same-flavour leptons
Opposite-sign charges (pp sub-channel)

Control regions

my, < 75 GeV and my,, > 225 GeV

Different-flavour leptons
Opposite-sign charges
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(Generators:

Process ME generator ME PDF PS and UE model Cross-section  ace2.5cm
Hadronisation tune order

Signal, mass set to 125 GeV and bb branching fraction to 58%

qq — WH PowHEG-Box v2 [55] + NNPDF3.0NLO™*) [56]  PyrTnia8.212 [47] AZNLO [57] NNLO(QCD)+

— fvbdb GoSaMm [58] + MINLO [59,60] NLO(EW) [61,62,63,64,65,66,67]

g9 — ZH PowHEG-BOX V2 + NNPDF3.0NLO™ PYTHIAS.212 AZNLO NNLO(QCD) " +

— vvbb/0lbb  GOSAM + MINLO NLO(EW)

g9 — ZH POWHEG-BOX v2 NNPDF3.0NLO™ PYTHIAS.212 AZNLO NLO+

— vubb/Lebb NLL [68,69,70,71,72]
Top quark, mass set to 172.5 GeV

tt PowHEG-Box v2 [73] NNPDF3.0NLO PyTHIAS.230 A14 [74] NNLO-+NNLL [75]

s-channel PowHEG-Box v2 [76] NNPDF3.0NLO PyYTHIAS.230 Al4 NLO [77]

t-channel PowHEG-BoX v2 [76] NNPDF3.0NLO PYTHIAS.230 Al4 NLO [78]

Wt PowHEG-Box v2 [79] NNPDF3.0NLO PyTHIAS.230 Al4 Approximate NNLO [80]
Vector boson + jets

W — fv SHERPA 2.2.1 [50,81,82] NNPDF3.0NNLO SHERPA 2.2.1 [83,84] Default NNLO [85]

Z/y" — SHERPA 2.2.1 NNPDF3.0NNLO SHERPA 2.2.1 Default NNLO

Z — vv SHERPA 2.2.1 NNPDF3.0NNLO SHERPA 2.2.1 Default NNLO
Diboson

qq - WW SHERPA 2.2.1 NNPDF3.0NNLO SHERPA 2.2.1 Default NLO

qq - WZ SHERPA 2.2.1 NNPDF3.0NNLO SHERPA 2.2.1 Default NLO

Qq — 47 SHERPA 2.2.1 NNPDF3.0NNLO SHERPA 2.2.1 Default NLO

gg - VV SHERPA 2.2.2 NNPDF3.0NNLO SHERPA 2.2.2 Default NLO
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Systematic uncertainties:

Background systs:

Main sources of systematics: Z + jets
. . Z + 1l normalisation 18%
* EXperImenta| SyStemaUCS: Z + ¢l normalisation 23%
. : Z + HF normalisation Floating (2-jet, 3-jet)
B_tagglng Z + be-to-Z + bb ratio 30 — 40%
. Jet energy Ca“bra‘“on Z + cc-to-Z + bb ratio 13 - 15%
Z + bl-to-Z + bb ratio 20 — 25%
. . 0-to-2 lepton ratio 7%
- Modeling of simulated background: My, PT S
- Normalization and shape mismodels in MC. _ W Jets
_ _ W + Il normalisation 32%
- Obtained from comparison at truth level W + cl normalisation 37%
. W 4+ HF normalisation Floating (2-jet, 3-jet)
between different geﬂeratOrS W + bl-to-W + bb ratio 26% (0-lepton) and 23% (1-lepton)
W + be-to-W + bb ratio 15% (0-lepton) and 30% (1-lepton)
. : RTICER W + cc-to-W + bb ratio 10% (0-lepton) and 30% (1-lepton)
Higgs theory related uncertainties: O-to.1 lepton Tatic Sy
* Xsection and BR uncertainties W + HF CR to SR ratio 10% Uéleptorl)
Mpp, PT

- follow the recommendations of the LHC

tt (all are uncorrelated between the 041 and 2-lepton channels)

H|ggs CrOSS Section Working group tt normalisation Floating (0+1 lepton, 2-lepton 2-jet, 2-lepton 3-jet)
0-to-1 lepton ratio 8%
2-to-3-jet ratio 9% (041 lepton only)
Signal systs: W + HF CR to SR ratio 25%
Signal My, PT S
Cross section (scale) 0.7% (qq), 27% (g9) Single top-quark
Cross section (PDF) 1.9% (qq — WH), 1.6% (qq — ZH), 5% (g9) Cross section 4.6% (s-channel), 4.4% (t-channel), 6.2% (Wt)
H — bb branching ratio 1.7 % Acceptance 2-jet 17% (t-channel), 55% (Wt — bb), 24% (Wt — oth)
QCCep’Bance il"om ;Sgl% \Sriatiofns (2V31"-) v 699 (d 2.5df 8.8%1 _— Acceptance 3-jet 20% (t-channel), 51% (Wt — bb), 21% (Wt — oth)
cceptance from var. for 2 or more jets .9 - 6.27% (depending on lepton channe v
Accegtance from PS;UE var. for 3 jets : ( p1.8 fgf;ll% v ) Mooy PT S (t-channel, Wt — bb, Wt — oth)
Acceptance from PDF+ag var. 0.5 - 1.3% Multi-jet (1-lepton)
May, P, from scale var. S Normalisation 60 — 100% (2-jet), 90 — 140% (3-jet)
My, P, from PS/UE var. S BDT template S
Myy, P, from PDF4ag var. S
pr from NLO EW correction S S = shape only syst

PS/UE = parton shower/ underlying event.
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Diboson Systematic uncertainties:

Extra systematics uncertainties for Diboson Validation analysis only:

27

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

20%
6%
10 — 18%
6%
7% (0-lepton), 3% (2-lepton)

My, Py, from scale var. S (correlated with W Z uncertainties)
My, Py, from PS/UE var. S (correlated with W Z uncertainties)
mpp, from matrix-element var. S (correlated with W Z uncertainties)
WZ

Normalisation 26%

0-to-1 lepton ratio 11%

Acceptance from scale var. 13 - 21%

Acceptance from PS/UE var. for 2 or more jets 4%

Acceptance from PS/UE var. for 3 jets 11%

My, Py, from scale var. S (correlated with ZZ uncertainties)
My, P, from PS /UE var. S (correlated with ZZ uncertainties)
My, from matrix-element var. S (correlated with ZZ uncertainties)

WW

Normalisation

25%
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DT variables

Table: from internal note

Variable Name O-lepton 1-lepton 2-lepton
m;ij mBB v v v
AR(jetl,jetz) dRBB v v v
jetl pTB1 v Ve v
Jor2 pTB2 v v v
Py pTV v v v
Ao (V,H) dPhiVBB v v v
AN (jety, jets)| dEtaBB v
Mejs(Megs3) HT v
Emiss MET =p¥ v
min(AQ (¢, jet)) | dPhiLBmin v
mY mTW v
AY (W.,H) dYWH v
Miop mTop v
ET" significance | METSig v
An(V,H) dEtaVBB v
Myy mLL v
Only in 3 Jet Events
s pTJ3 v v v
m;ijj mBBJ v v v
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Ranking plot
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