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V+jets backgrounds in monojet/MET/X + jets searches
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Determine V+jets backgrounds

global fit of Z(—11)+jets, W(—IV)+jets and y+jets measurements
® to determine Z(—VV)+jet
® and the visible channels at high-pT

® theory systematics (scales, etc.) via nuisance parameters in fit

'

* hardly any systematics (just QED dressing)
* very precise at low pT

— >

* fairly large data samples at large pT
* systematics from transfer factors

* but: limited statistics at large pT
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Goal of the ongoing study

* Combination of state-of-the-art predictions: (N)NLO QCD+(N)NLO EW

in order to match (future) experimental sensitivities
(I-10% accuracy in the few hundred GeV-TeV range)

one-dimensional reweighting of MC samples in x = pffv)

. d oy d oy d . d, v d v
with @U’(TH) = aa((QC)D T @Ufni}( T aAO_éV\)/ T @ai_)md.
* Robust uncertainty estimates including * Prescription for correlation of these uncertainties
» Pure QCD uncertainties » within a process (between low-pT and high-pT)
» Pure EVV uncertainties ) aCross processes

» Mixed QCD-EW uncertainties
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QCD effects: scale issues
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[A. Huss, A. Gehrmann-De Ridder,
ININLO rom  Ceprmann, N. Glove, TA Morgan]
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Correlation of scale variations

pp —etTe jvs. pp — e 7] @ 13 TeV
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Correlation of scale variations

pp —etTe jvs. pp — e 7] @ 13 TeV

Z+jet/W+jet LO (uncorrelated errors)
Z+jet/W+jet LO (correlated errors)
Z+jet/W+jet NLO QCD

consider Z+jet / WHjet prv-ratio @ LO

uncorrelated treatment yields
O(40%) uncertainties

correlated treatment yields tiny
O(<~ %) uncertainties

check against NLO QCD!

NLO QCD corrections remarkably flat
in /+jet / W+jet ratiol

— supports correlated treatment of
uncertainties!
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Correlation of scale variations

pp —etTe jvs. pp — e 7] @ 13 TeV

NLO QCD corrections remarkably flat
in /+jet / W+jet ratiol

— supports correlated treatment of
uncertainties!
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pp =W(— )+ jet @ 13 TeV

QCD uncertainties
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QCD uncertainties in pI-ratios

pp —Z(— L)+ jet / W(— Lv)+ jet @ 13 TeV pp —Z(— {147 )+ jet / v+ jet @ 13 TeV
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this modelling of process correlations assumes a close similarity of QCD effects between all V+jets processes

* apart from PDF effects it is the case for W+jets vs. Z+jets

* at large pT is is also the case for y+jets vs. Z+jets. In particular with dynamical cone fayn(Er,.€0) = W\Z/%
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pp = Z(— (107 )+ jet @ 13 TeV

Pure EVW uncertainties
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EVW corrections become sizeable
at large prv

Origin: virtual EW Sudakov logarithms

Note: real EW Sudakov logarithms
included as separate VV(+jets)
backgrounds

How to estimate corresponding pure
EW uncertainties of relative O(a?) ?
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!

check against two-loop Sudakov logs
[Kihn, Kulesza, Pozzorini, Schulze; 05-07]
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d0’/ dO’NLO QCD

pp = Z(— LTl )+ jet @ 13 TeV

Mixed QCD-EW uncertainties

Given QCD and EW corrections are sizeable, also

mans T w mixed QCD-EW uncertainties of relative O(aas)

e have to be considered.
T NLO _ 1O NLO NLO
L 0QCD+EW = 0 +00G¢p + 00pw
LO -
— NLO QCD - 5 NLO
NLO QCD&EW - SNLO _ oNLO (14 99EW
=——— NLO QCD®EW QCDxEW QCD O_LO
R |
= Difference between these two approaches indicates
= size of missing mixed EVW-QCD corrections.
= | However, for dominant Sudakov EWV logarithms
107 107 factorization should be exact!
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Mixed QCD-EW uncertainties

pp —Z(— £T07)+ jets @ 13 TeV
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e \/+jand V+2] NLO EW corrections
(almost) identical
® supports factorization
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Photon-induced production

qq+98/qy —Z(— £T07 )+ jet @ 13 TeV

- T T T T T T T T T —
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s 10_ 5 ot
10 ° 105
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10 106
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1o-8 = LO qy LUXqed 108
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0.2 — 0.2
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O 3
> 01 | S o1
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102

* photon-induced production irrelevant for Z+jet (and Y+jet)
* in WHjet O(5%) contribution with LUXqged (consistent with CT [4)

prv [GeV]

(due to t-channel enhancement)

* ~ 19 uncertainties in photon PDFs due to LUXqged

qq+qg/qy —wW(— £ 7)+ jet @ 13 TeV

— LO qq+qg LUXqged
= LO qy LUXqed
LO qvy CT14qed.inc
LO gy NNPDF30qed
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ratio to central PDF4LHC15 nnlo 100

1.04

1.02

0.98

0.96

100

QED corrections to quark PDFs

QED effects on (g2) luminosity

] PDF4LHC15 uncertainty

o

— 1.04
| UXqed / PDF4LHC15 X
' I=

(-

o 1.02

O

I

—

ﬂ-

L 1

a)

al

©

T 0.98

(¢b)

(&)

o

fe)

§ 0.96

200 500 1000 2000 100
M/2 [GeV]

QED effects on (qq) luminosity

= | UXqed / PDF4LHC15

] PDF4LHC15 uncertainty

200 500 1000 2000
M/2 [GeV]

* small percent-level QED effects on qg/qq luminosities (included via LUXged)

e |.5-5% PDF uncertainties



Conclusions & Outlook

» monojet / MET+jets searches soon limited by V+jets background systematics
» MC reweighting allows to promoteV + jet to NNLO QCD+(N)NLO EW:
* inclusion of EW corrections crucial due to large Sudakov logs
» Perturbative systematics in pTV under control at the level of |-10% up to the TeV

» Outlook: investigate/interpret post-fit nominal predictions and ratios

Z/y ratio for events with nj,s > 1 Z /7y ratio for events with 1 > 1
e 005 | | | | Qo o8 095 ‘ \ \ \ 1&
S B 18 = C ?§
% 0.04 - ;2 % 0.04 - ] z
5 I - i
T 003 — ;é T o003~ - 1 &
[« [ 1R <Y [ R
s B 18 T C 1R
0.02 — - 0.02 — —+— CMS data ]
0 ] N JHEP10(2015)128 7
L —+— NLO QCD ] I —+— NLO QCD ]
001 |- —H NLOQCD+EW 00t |- —+n~oacosw 1) remarkable agreement
ottt ot of Z/yratio with data at
12 E 12 = @ NLO OQCD+EW!
o C ] n ]
9] 1.1 — — 1.1 ,_I_’_|_.—|_.—‘ —]
s ¢ S g 5
i —senanms 2 T
5 oo - ER] -
0.8 — — 0.8 f— é
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[Ciulli, Kallweit, ML, Pozzorini, Schonherr for LH?15]
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llluminating standard candles at the LHC - V+jets

25-26 April 2017 Search... p
Imperial College London

EurcpafLondon umezone

bl This informal, brainstorming workshop held in conjunction with the IPPP (Institute for

Timetable Particle Physics Phenomenology at Durham) will focus on the Standard Model
measurements of vector boson + jets processes that we can perform in Run 2 of the LHC
Contribution List to enhance our understanding of the high transverse momentum phase space and

My Conference constrain higher order QCD and electroweak corrections.

My Contributions

Registration Starts 25 Apr 2017 10:00 Imperial College London
Ends 26 Apr 2017 14:00 Blackett bullding, room 539

https://workspace.imperial.ac.uk/campusinfo/p

Participant List

Sarah Malik ) "
Bjoern Penning @ Materials <4
Jonas Lindert

There are no materials yet.
Info on booking accommodation around the South Kensington area:
http://www.imperial.ac.uk/visitors-accommeodation/local-hotels/

How to get to the South Kensington Campus: https://www.imperial.ac.uk/visit/campuses/south-
kensington/

You have registered for this event.

https://indico.cern.ch/event/624982
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Putting everything together

d (V)

d vy, . % d (v 7

dx

Ké}l{l) (ZE7 gQCD’ gEW’ Emix) — K’%“I/-?@ ('CC gQCD? gEW) + Emix 5K(V)

mix

v N (V
= [Kf\wio + ZEQCD ;00 )KIEI’?%JO( )
=1

x |14 kb (z +Z€§§%z5(%§@ ()| + emix 6K (2),

mix

d () d (v d () d (v

1,7QCD = 1910 QCD + 1, ONLO QCD + 1 ONNLO QCD

d o) d (V) d w)
dz EW T 3, ONLOEW + dy Sudakov NNLO EW

with nuisance parameters ety = (€Qcp, €, EEwW, €+)
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Correlation of scale variations: prescription

RN

3
© o) = = K () (V)
@UN’“LOQCD(‘QQCD) - KNkLo(x)jL;gQCD’ié Frirol?) nuisance parameters
d (v H
X @UI(JO)QCD(MO)-
(V) _ 1 e (vimax) (V,min) , ]
Kyiol@) = 5 Ko (@) + Eyio (@) (z) _ (WEH ()
1) (V) 1 [ (Vomax) (Vimin), ] €QCD,1 — €QCcD,1 — €QCD,1 — €QCD,1
) )KNkLO(x) = 3 _KN’;LO (:C)—KNk’LO (aj)

» fully correlated across processes
* correlated across pT bins

* include additional uncertainty based on differences in QCD corrections of the last calculated order:

AKSD (@) = KOO (2)/KSD  o(2) — 1

N+ALO N+ALO NA—11,0
3) (V) (V) (2) 2 =W =) =eqops

* this modelling of process correlations assumes a close similarity of QCD effects between all V+jets processes
* certainly the case for Z(—=VV)+jets vs. Z(—'lT)Jrjets
* apart from PDF effects it is the case for W+jets vs. Z+jets

* atlarge pT is is also the case for Y+jets vs. Z+jets
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Y tjet: Isolation

NLO QCD
/d V+J

2.2 e VTJ
— 74 ] dynamic cone:
2 L W] . :
’Y(ﬁx) _|_J SO,dyn = 01, ndyn = 1, RO,dyn — mm{l.(), Rdyn(ET,’yagdyn,O)}
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y ( i ) ET,W/ /—80

fixed cone;

) A I coix = 0.025,  nac =2,  Rogx =04
50 100 200 500 1000 3000
pr.v [GeV]

2~ R2 2 2 _ 2
= M? ~ By, B R, =eoE% R3,, = M}

Using this dynamic smooth isolation mimics the role of the Z- and W -boson masses as
regulators of collinear singularities in Z/VW +jet production at high pT.
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NNLO for Z+jet
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[Gehrmann-De Ridder, Gehrmann, Glover, A. Huss, Morgan; ‘1 6]
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NNLO for W//+jet

NNLOJET pp—Z+=z0jet Vs=8 TeV ) .
10" ¢ T ] ' S B 106 13 TeV LHC, inclusive
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g 103} 5 =
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pf [GeV] . |
[Gehrmann-De Ridder, Gehrmann, [Boughezal, Liu, Petriello; ' 6]

Glover, A. Huss, Morgan; 1 6]

* unprecedented reduction of scale uncertainties at NNLO: O(~ 5%)
* we can now check the correlation of the uncertainties going from NLO to NNLO
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NNLO for Z/y+jet
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NNLO/NLO ~ 1 for large pT!

800

[Campbell, Ellis, Williams; "1 7]
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/Y + | jet:pl-ratio

pp — Z/v+1j @ 8 TeV
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Compare against data

19.7 fb™ (8 TeV)
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» constant off-set with respect to LO
» improved agreement at NLO QCD for small pT
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Compare against data: Z/y

[Ciulli, Kallweit, IML, Pozzorini, Schénherr for LH?15]

» remarkable agreement with data at @ NLO QCD+EW!
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Combination of NLO QCD and EW & Setup

Two alternatives:

NLO 1O NLO NLO
OQCDALEW = 0~ +00Q¢D + 00Ew
NLO NLO
NLO _ _NLO 1%_50EW7 _ _NLO 1%_5UQCD
OQCDXxEW — 9QCD -LO — OEW -LO

Difference between the two approaches indicates uncertainties due to missing two-loop
EW-QCD corrections of O ()

Relative corrections w.rt. NLO QCD:

NLO
IQCD+EW <1+ 505\%\9)

NLO NLO

suppressed by large NLO QCD corrections

9QCD 9QCD
ONLO 50NLO
QODXEW 1 EW “usual” NLO EW wirt. LO
NLO +—30
9QCD o
2
b o= QGMMVQV (1 — %) in Gy -scheme with G, = 1.16637 x 1075 GeV~*
@ 7
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Virtual EW Sudakov logarithms

Originate from soft/collinear virtual EVW bosons coupling to on-shell legs
v,Z, W= v, Z, W+ N ZWE H

Universality and factorisation similar as in QCD  [Denner, Pozzorini; '01]

1—1loo a a 2 Skl
5LL—|—NI£L ~ An Z< _Z Z I%(k)I™(1) In 2 +77" (k) IHW

l#k a=vy,4, Wt

. process—independent, simple structure

* 2-loop extension and resummation partially available
* typical size atv/§ = 1,5 10TeV:

A

« 5 S
5LL ~ — 5 lo M2 ~ —28, —76, —104%, - | llati bl
TSy W arge cancellations possible
3 5
ONLL ~ + 7l log Ve ~ +16, +28, +32%
TSw W
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