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INTRODUCTION

* 10 QCD-nuisances accounted:

* 1 yields uncertainty (“overall” NP) on the
inclusive cross-section, Aot Stage 1.1

LWL - vor--v (a0
* 9 migration uncertainties

@ AZjet, Azoo and A25 ‘ = 0O-jet H = 1-jet \ ‘ > 2-jet \

* 6 NPs to describe Mjj spectrum

m; [0, 350]

mjj [350, OO]

* Estimated using ST method

* So far we had: 0
* Uncertainties extracted using FO calculations 60
 Acceptances estimated using POWHEG + Py8 190
* Inclusion of VH hadronic €371 350
* Checking validity of the VBF approximation D P
» Updating uncertainties using full calculation of i
F2jet and H+3jet production at NLO QCD o

‘ [ J m
EIeCtroweak CorreCtlons Previous update: https://indico.cern.ch/event/826136/contributions/3560473
o EWK @N LO COrreCthn applled -I:Or- every STXS bln attachments/1927391/3191007/STXS-uncertainties-VBF.pdf
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LIMITS OF VBF APPROXIMATION

* Most the VBF generators in the market run with the
VBF approximate (only t- and u-channel).

* More accurate EW Higgs + 2 jets requires the
inclusion of the s-channel component

&

 Studies already initiated

[Campanario, Figy, Platzer, Sjodahl — PRL 111 (2013) 211802]
[Campanario, Figy, Platzer, Rauch, Schichtel, Sjodahl — PRD 98 (2018) 033]

* Hlets++ provides full EW H

calculation at NLO QCD (VB

2jet and H+3jet

-+VHhad)

[Campanario, Figy, Platzer, Sjodahl — PRL 111 (2013) 211802]

Little impact for VBF selection, more significant

changes my; < 350 GeV
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H+2J EWK: ADDING THE S-CHANNEL

e Compared various combinations of ME+PS:

e POWHEG: NLO-QCD (3rd jet LO from PS)
e VBF approximated: only t/u-channels
e Interfaced with Herwig7 and Pythia8

(with dipoleRecoil=on )

e VBFNLO : NLO-QCD (3rd jet LO from PS)
* VBF approximated: only t/u-channels
e Interfaced with Herwig7 —— VBFNLO + Herwig 7

e Hlets++ : NLO-QCD (3rd jet LO from PS) Powheg + Pythia 8
e Full EWK H+2 jets calculation Hets + Herwig 7

e Interfaced with Herwig7

» Stage 1.1 acceptances need to be updated to
account for the s-channel contribution using HJet++
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FIXED ORDER CALCULATION VS ME+PS

—_ povBFNLO(FO) 1 e Compared ME+PS to FO calculation from
—— Powheg + Pythia 8
—— HJets + Herwig7 ) _ _
34ooo—|_ e oo, proVBF-H (NNLO-QCD)
= — ,_. e FO-NINLO-QCD cross-section estimate is
| = consistent with POWHEG
5 qk. | _L|_‘—|_.—_ - J_L:—'_‘— | ¢ Discrepancy at low m;; is due to soft
2 emissions present in the FO NNLO
] e — BN calculation
§ —t—
5 * Good agreement of at large m;; values
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—— Powheg + H7
— VBFNLO + H7
Hjets + Herwig 7

THE p-» OBSERVABLE 150]

T
T T T T Q. :
—— Hjets + H7 (default) —— Hjets + H7 (default) | B 1007 Powheg + Pythia 8 -
100} — HJets + H7 (dipole) 0.06F —— HJets + H7 (dipole) 7 -8
—— Powheg + H7 —— Powheg + H7 50
_ —— VBFNLO + H7 _ —— VBFNLO + H7
T 75 Powheg + Pythia 8 T+ 0.04HH Powheg + Pythia 8 0
O O
~ . ey | 1.25
3 50 i S d
' 0.02} T1.00 —
25} EEQE : I
i % i 0.75
2 : : _n_r|_,-|_r':‘L.—-lU'-' OOQ -
o o ) 1.25
O O S 1.00f--=====m=mmmm o m i m oo -
- .
0 ' ' 0 ' ’ 0.75
0 10 20 30 40 50 0 10 20 30 40 50
pr’ (GeV) pr’ (GeV) 1 95| ppg variations in PS
* Over 40% discrepancy between H7 and Pythia8 21 00
. . _ 3 1.
» Region dominated by soft emissions
» Expect large PS pp p scale variation 0-757
» Still investigating these differences with PS authors 0 10 20 30 40 50
pV (GeV)
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COMPARING UNCERTAINTIES VS m;

Hard process scale variations for every my; cut

100 ' . .
— FO NNLO
_ Hjets + Herwiqg 7
0O —— Powheqg + Pythia 8
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UNCERTAINTIES PROPAGATION SCHEME

* 9 migration uncertainties Ajets, A200 and . Uncertainties computed by varying the QCD

Ass scales
* Aojets, D200 and Azs e Extracted using ME or FO NNLO
* 6 NPs to describe Mjj spectrum * Bins acceptance computed with ME+PS
* 1 yield uncertainty on the inclusive * Moved from the fraction of the A distributed
cross-section, Aot across STSX binsto O

At = Opor X 0y

Ay = 0p; X (522]- — 5" * If undetfined uncertainty (ex: 4350 1 < 9[120.00])

_ 2 21172 — Repl with:
Ago = O, 60 X (0,560 — 92)) eplace

gl

« ™ e e A350 — mjj>350 X IO ) mJ]>350

Asso = 6, 5350 X (5, — 8 5120
. ->350 .>120 . o o
1 i " * o value of 1/2 is assumed for the remaining talk
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UNCERTAINTIES PROPAGATION SCHEME

* 9 migration uncertainties Ajjets, D200 and o T3] yield uncertainty taken from YR4

Aos the o,,, ~ 0.38 % (need to be updated)

* Ajets, A200 and Aps - S ibution f 5
. e From oO-:.. remov Ntri lon Trom
e 6 NPs to describe Mii spectrum O 2jet T€EMOVE CO Utio O tot

* 1 yield uncertainty on the inclusive * The effect of each migration A is anti-

cross-section, A correlated for bins above/below

At = Opor X 0y

A2j = 0p; X (522]' — 5t20t)1/2 e If undefined uncertainty (ex: 01350.00] < 9[120.00])
— 2 2N\1/2 — ith:
Ago = Opy>60 X (5m]j> 60— 93 Replace with

« ™ e e A350 — ijj>350 X IO ) mJ]>35()
)1/2

2 2

* p value of 1/2 is assumed for the remaining talk
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DEFINITION OF ACCEPTANCES

e Basic definition: bin cross-section divided by cross-section in the NP phase space

e Exception: Axx for bin with a cut : mjj < X

e The effect of each migration A is anti-correlated for bins above/below
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COMPARING UNCERTAINTIES

Acceptances updated using HJets + Herwig 7

o NNLO (IFO)I I I-IJetls+-|I- (I\ILO:QCID ; H;) What to use for the uncertainty sources (the bing A)?
Lot Powheg (NLO-QCD + Py8) ~ —— Hybrid FO+H]ets _ The 3rd jet is generated in HJets/Powheg at LO and from PS, Hence the
_ f s _ HJets/Powheg QCD scale uncertainties in the 2j/3j bins are not reliable.
= | - f FO estimation should be used to estimate the uncertainties Ajs
< | — .
100 F— — | = . .
E L Hybrid sources solution:
L ——

] S-channel contributes only in the low Mjj region < 350 GeV, FO can be used
4 44—ttt for Asso.1500, HJets for Ago-120 and Ay;

®)
q'-'- A25 and Azoo from FO
~—
2ol
< P o T g B gy BT, T
I —— L r— L —— [
<]
I NN NONCNNRNRARRARARAR
a
I I |l = = | = | = | = | — | — | = | = I
E OIOICDI(D|(D|LD|CDILD|OILD|o|('9|o|('lj|OI(D|OILD|C)ILD|C>|LD| o ek,
IzI:I:I:I:IIf?f§E§E§E§E§E§E§ Delta_??@ 1 2.989
'EI'EI'EI'E'&E'E,E EIE Elgalgalgalgalgalg Delta_Mjj60 9 8.003
I I I I I I I I I I I S
8133238989898 888s88s88s858 Delta_Mjj120 : 8 13.446
oMo H M NR NS NRNR NS NR NS Delta_Mjj350 7.389 5.025 5.385 7.389
—'OOOlololololololololololwGLDGLDGLDG Chta_f)J ’ ’ ’ ’
SO FeN S L Delta_Mjj700 4,201 5.973 8.158 4.201
S " =  FFEFEEFEEFEFEEFEERFEEE - -
S =F 8% 88 8 8n 8 8a 80 Delta_Mjj1000 3.115 3.545 7.045 3.115
So88 o8 o0o8o0o0dodooo .
RR288Rr3ImMARS83S2233 Delta_Mjj1500 1.764 2.614 6.404 1.764
I — — —
oo I T EES ST T E O Delta_25 27.387 2.674 35.46 27 .387
D' N Qo0 2Qo OO AOOo0
Mmoo 17 1mmoso s 1Y
1N~ o0o==_1 1MNROS =
= ! —n =2 S =2O_1 14 3Ss
2 == S S = | =
= s == = SF =4
2 = s S
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COMPARING UNCERTAINTIES
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Acceptances updated using HJets + Herwig 7
What to use for the uncertainty sources (the bing A)?

The 3rd jet is generated in HJets/Powheg at LO and from PS, Hence the
HJets/Powheg QCD scale uncertainties in the 2j/3j bins are not reliable.
FO estimation should be used to estimate the uncertainties A5

Hybrid sources solution:
S-channel contributes only in the low Mjj region < 350 GeV, FO can be used

for Asso.1500, HJets for Ago-120 and Ay;
A25 and Azoo from FO

21.539
Delta_200 | 2.989
Delta_Mjj60 9 8.003
Delta_Mjj120 . 8 13.446
Delta_Mjj350 7.389 5.025 5.385 7.389
Delta_Mjj700 4.201 5.973 8.158 4.201
Delta_Mjjl1000 3.115 3.545 7.045 3.115
Delta_Mjjl500 1.764 2.614 6.404 1.764
Delta_25 27.387 2.674 35.46 27.387
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FLECTROWEAK CORRECTIONS IN STXS BINS

* The state of the art calculation from HAWK 2.0 L S R e S B
[Denner, Dittmaier, SK, Muck [arXiv:1412.5390]] i 1 1+ 06ew EW uncert I
* Provides complete NLO QCD and EWK corrections and includes 1.3} 1+0y -
s-channel and interferences f :
. . . . . . . 12 B I I | -
* provides predictions for partonic channels with incoming o [ | |
photons as part of NLO EW corrections % 11F i i i
b L | |
* EW corrections of 5-10% in VBF production s | | ;
* Enhanced electroweak corrections at high energies: driven by Lo e o -
' : - b :
Sudakov loga — alog (Q/MW) at Higgs pr tail 0.9f : ]
[Ciccolini, Denner, Dittmaier [arXiv:0710.4749]] : i i i
* Uncertainty estimated following the same prescription as in the 0] S Y S S S S—
212 % 2!8 8 8 231i8 8 8 8.
Vellow Report 4 HIRR IR R R R
Apw = max{0.5 % , 65y, 0,/ oy} L §Fif E e gif f g
| | o o | o v = v v |
* Proposition: L =T 82 8 |
. . . . . : : : H r : H — :
* Since EW correction is driven by Sudakov log we can consider o . pr=200 - pr>200 |

Sz as the pure Sudakov nuisance: A,

* 0,can be considered as a separate nuisance for non-Sudakov

nuisance: A},

&) 25/06/2020 Yacine Haddad (yhaddad@cern.ch) 13
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HOW TO INCLUDE THE EW CORRECTIONS ?

STXS bin OL0O (fb) (1 5EW) O~ (fb) AEW

0 < m,;; <60 6.67  0.981 0.081 0.012

60 < m;; < 120 601.78  0.938 7.440  0.012

120 < m;; < 350 540.59  0.981 6.567 0.012

S 350 < m;; < 700 659.75  0.955 0.056 0.014
S 700 <my; <1000 | 31883 0.937 1820 0.015
~ 1000 <mj; <1500 | 27594  0.921 4.481 0.016
S my; > 1500 251.33  0.899 4.798  0.019

N 700 < my; < 1000 37.91  0.907 0.647 0.017
s 1000 <my; <1500 || 44.03  0.883 0.765 0.017
S my; > 1500 55.99  0.851 1.165  0.022

e Start with best QC

* These correction are now implanted in the VBF-uncertainty tool

&) 25/06/2020
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D prediction for VBF and assume approximate tactorisation of corrections:

OVBF = Gbest(1 T 5EW) T Ggamma with OEwW = GEW/ 0L0

14


mailto:yhaddad@cern.ch

CONCLUSION

» Update uncertainties and acceptances are now available VBF uncertainty
standalone tool [here]

* The tool apply uncertainties as event weights (same strategy as ggH)
» Acceptance and uncertainties updated with full EW H+2j calculation
* Hybrid uncertainties using FO NNLO + HJets is set as default

e Other configuration with only FO/POWHEG/HJets++ also available

- Large differences observed in p?jj observable:

* Values might change in the coming months depending on the PS authors inputs
* Electroweak correction have been estimated in STXS bins
* Corrections of 5-10% in VBF production
 Available in the VBF uncertainty tool
» We still need input from EW expert on uncertainties

&) 25/06/2020 Yacine Haddad (yhaddad@cern.ch) 15
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BACKUP
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SETUP AND DEFINITIONS

 Extracted using QCD variations of the renormalisation and factorisation
scales y, , ys from POWHEG + PYTHIA 8

» Keeping only variations with 1/2 < p,, yf <2, 1/2 < p/ps <2
» Take uncertainty envelope
» Uncertainty propagation based on Stewart-Tackmann method [1] :

(A)’)Z ApAs A%u - Agu
C({0p, 0511) = , Oy Oy Z; T ; , t
ApAL; (AL) —A A

cut cut
e Jet definition :

» Higgs decay products are ignorea

o Jets built using anti-k; R = 0.4 from all stable particles
e Only jet with pT > 30 GeV and Inl < 4.7

&) 25/06/2020 Yacine Haddad (yhaddad@cern.ch)
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ADDING THE S-CHANNEL

H+2J EWK

—— profVBF NNLO (FO)

Powheg + Pythia 8
—— HJets + Herwig7
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COMPARISON WITH DIPOLE SHOWER

&

25/06/2020

—— Powheg + Herwig 7

—— VBFNLO + Herwig 7
Powheg + Pythia 8
Hjets + Herwig 7

M

T
mjj(GeV)

Yacine Haddad (yhaddad@cern.ch)

1.5}

1.0

ratio

0.5

—— HJets + H7 (default)
Hjets + H7 (dipole)

mjj(GeV)
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PARTON SHOWER UNCERTAINTIES

e 1y variation of the renormalisation and

factorisation scales in the hard process (Matrix ~ _ 1021
Element) I%'D-_ '
i : Shower scale, it is the argument of o, and g
PDFs in the PS. 10*
1.25¢}
5 1.00
* Up: veto scale: the boundary of the hardness of 0.75}
emissions in the PS
1.25¢}
i} 3 1.00
e low p?” the PS uncertainties are huge, but -
expected, reaching ~40%. This is also visible on ~ 0-737
the m;; distribution where the PS variation gets
1.25¢}

larger in the low values where also soft
emissions dominate. However, the discrepancy % 1.00
between Pythia8 and Herwig is till larger Thant
the uncertainty.

&

25/06/2020

0.75}

Powheg + H7/
—— VBFNLO + H7
Hjets + Herwig 7

Powheg + Pythia 8

1.25}

=< 1.00
0.75

—— Powheg + H7
—— VBFNLO + H7

Hjets + Herwig 7
Powheg + Pythia 8 A
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FLECTROWEAK UNCERTAINTIES

The scale uncertainty, A..,., results from a variation of the factorization and renormalization
scales (I.5.3) by a factor of 2 keeping urp = ugr, as indicated above, and the combined PDF® o, uncer-

tainty Apprg, 1s obtained following the PDF4ALHC recipe [35]. Both Ag ), and Appprg,, are actually

obtained from JII\I)II\ISLOQCD, but this QCD-driven uncertainties can be taken over as uncertainty estimates

for o' o as well. The theoretical uncertainties of integrated cross sections originating from unknown

higher-order EW effects can be estimated by
Agw = max{0.5%, dgw,0,/0 = }. (1.5.7)

The first entry represents the generic size of NNLO EW corrections, while the second accounts for po-
tential enhancement effects. Note that the whole photon-induced cross-section contribution o, 1s treated
as uncertainty here, because the PDF uncertainty of o, is estimated to be 100% with the NNPDF2.3QED
PDF set. At present, this source, which is about 1.5%, dominates the EW uncertainty of the integrated
VBF cross section

DO o [HXSWG Yellow Report 4: CERN-2017-002-M] ”



PURITY OF EW ggH BINS

e Only ggF and VBF production considered so far
e Higher VBF purity obtained thanks to the high Mjj split

MJJ_350 PTH_GT200 JET3VETO

MJ)_350 PTH GT200 JET3
MJJ_1500 JET3VETO

MJJ_1500 JET3

MJJ_1000 1500 JET3VETO
MJJ_1000 1500 JET3

MJJ_700 1000 JET3VETO

MJJ_700_1000 JET3
MJJ_350 700 JET3VETO

MJ)_350_700 JET3

MJJ_120 350 JET3VETO
MJJ_120 350 JET3

MJJ_60 120 JET3VETO
MJ)_60 120 JET3

B ggF
s VBF

MJ)_350 PTH_GT200_JET3VETO

MJ)_350 PTH_GT200 JET3
MJJ_1500 JET3VETO

MJJ_1500 JET3
MJ)_1000_1500 JET3VETO
MJJ_1000 1500 JET3

MJ)_700_1000 JET3VETO
MJ)_700_1000_JET3

MJJ_350_700 _JET3VETO
MJJ_350 700 JET3
MJJ_120 350 JET3VETO

MJ)_120 350 JET3
MJ)_60_120 JET3VETO

MJ)_60_120 JET3
MJ)_0_60 JET3VETO

M) 0 60 JET3 MJJ 0 60 JET3VETO
JETO1 MJJ_0_60 JET3
FWDH JETO1

FWDH

0.0 0.2 0.4 0.6 0.8 1.0
PUrity 101 109 10% 107

Obin/Otot (%)
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