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V+jets backgrounds in monojet/MET + jets searches

irreducible background:
;£ pp—=Z(—2VV)tjets = MET + jets
' pp—=>W(—2Iv)tjets = MET + jets (lepton lost)

p can be determined from Z(—>IT)+jets,\/\/(—>IV)+jets or Y+jets measurements (combination!)

-

* hardly any systematics (just QED dressing) * fairly large data samples at large pT
* but: limited statistics at large pT

p need theory input, I.e. predictions at (N)NLO QCD+NLO EW:

do(Z — vv + jets)/dpr
do(Z — 00 + jets) /dpr

do(Z — vv + jets)/dpr
do(W — {v + jets)/dpt

do(Z — vv + jets)/dpr

Rz~ (d =
zz(dpr) do(7y + jets) /dp

Rzw(dpr) =

Rz, (dpr) =
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Ztjetvs.y + | jet
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» mostly moderate and stable QCD corrections ~ » correction in pT(Z) > correction in pT(Y)

» (almost) identical QCD corrections in the tail, » -20/-8% EW for Z/y at | TeV

sizeable differences for small pT (mass effects) » EW corrections > QCD uncertainties for prz > 350 GeV
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Goal of the ongoing study

« Combination of state-of-the-art predictions including QCD and EW corrections
in order to match future experimental sensitivities

(I-10% accuracy in the multi-TeV range)

* Robust uncertainty estimates including
» Pure QCD uncertainties

» Pure EW uncertainties
» Mixed QCD-EW uncertainties

* Study of correlation of these uncertainties
» within a process (between low-pT and high-pT)

P aCrOSS processes

* First draft of a prescription to incorporate NNLO QCD + (N)NLO EW
corrections and uncertainties in the MCs has already been circulated within

ATLAS and CMS and will be made publicly available within the DM WG in the

next few weeks.
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Pure QCD uncertainties

Best handle we have for pure QCD
uncertainties:
MmuR / muF scale variations

1€ partons

Hr 1
Ho=—" =35 (\/M?/ +phy Z pT,i)
UR.F = &R, FHO

(¢r,¢ér) = (2,2), (2,1), (1,2), (1,1), (1,0.5), (0.5,1),(0.5,0.5)

yields
O(20%) uncertainties at LO
O(10%) uncertainties at NLO
O(5%) uncertainties at NNLO (see later)

What about correlations between
different V+jets processes!
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Pure QCD uncertainties

pp —etTe jvs. pp — e 7] @ 13 TeV

Z+jet/W+jet LO (uncorrelated errors)
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What about correlations between
different V+jets processes!

consider Z+jet / WHjet prv-ratio @ LO

uncorrelated treatment yields
O(40%) uncertainties
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Pure QCD uncertainties

pp —etTe jvs. pp — e 7] @ 13 TeV
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What about correlations between
different V+jets processes!

consider Z+jet / WHjet prv-ratio @ LO

uncorrelated treatment yields
O(40%) uncertainties

correlated treatment yields tiny
O(<~ %) uncertainties

check against NLO QCD!
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Pure QCD uncertainties

pp —etTe jvs. pp — e 7] @ 13 TeV
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x ’ = Z+jet/W+jet LO (uncorrelated errors) = What abOUt. correlations between
Coo8 Z+jet/W+et LO (correlated errors) — different V+jets processes!
+ 07 Z+jet/W+et NLO QCD -
Z 06— = consider Z+jet / WHjet pry-ratio @ LO
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Pure QCD uncertainties

pp —etTe jvs. pp — e 7] @ 13 TeV

Z+jet/W+jet LO (uncorrelated errors)
Z+jet/W+jet LO (correlated errors)
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What about correlations between
different V+jets processes!

consider Z+jet / WHjet prv-ratio @ LO

uncorrelated treatment yields
O(40%) uncertainties

correlated treatment yields tiny
O(<~ %) uncertainties

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

— NLO predictions support
correlated treatment of uncertainties!

Also holds for higher jet-multiplicrties
— indication of correlation also In
higher-order corrections beyond NLO!
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NNLO for W//+jet
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Glover, A. Huss, Morgan; 1 6]

[Boughezdal, Liu, Petriello; 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

* both groups joined our collaborative effort and will provide dedicated NNLO
samples for Z+jet and W+jet including conservative factor-4 scale variations
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NNLO for y+jet
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Pure EVW uncertainties

pp —ete j @13 TeV
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EVW corrections become sizeable
at large prv

Origin: EVW Sudakov logarithms

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

pp —ete j @13 TeV
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Large EW corrections dominated by
Sudakov logs
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Pure EVW uncertainties

pp —ete j @13 TeV

Large EW corrections dominated by
Sudakov logs

/+]et
Include (positive) two-loop Sudakov logs
[KUhn, Kulesza, Pozzorini, Schulze; 05-07]
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pp —ete j @13 TeV

Pure EVW uncertainties
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Large EW corrections dominated by
Sudakov logs

Include (positive) two-loop Sudakov logs
[KUhn, Kulesza, Pozzorini, Schulze; 05-07]

Estimate missing higher-order log-enhanced
corrections via factor-2 variation in the

two-loop NLL: log(s/(EMw)?), & = (0.5,2)

Can be considered as correlated
between V+jets processes

Add additional uncorrelated

109 x NLO EW uncertainty

to account for non-log enhanced

higsher-order corrections: o5, — %%ﬂﬁd ~ 40 x 0,

AN

/Y\ Under discussion!

Disclaimer
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Photon-induced production

qq+qg/qy — ete j @ 13 TeV
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* photon-induced production irrelevant for Z+jet (and Y+jet)
* in WHjet O(10%) contribution with LUXqed (consistent with CT [4)

(due to t-channel enhancement)

* ~ 19 uncertainties in photon PDFs due to LUXqged 1
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* small percent-level QED effects on qg/qq luminosities (included via LUXged)

e |.5-5% PDF uncertainties
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Mixed QCD-EW uncertainties

pp — Z+1j @ 13 TeV
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Given QCD and EW corrections are sizeable, also
mixed QCD-EW uncertainties of relative O(aas)
have to be considered.

NLO L LO NLO NLO

5 NLO
NLO NLO (1, 99EW_ Og
0QCDxEW — 9QCD LO

Difference between these two approaches indicates
size of missing mixed EW-QCD corrections.

However, for dominant Sudakov EW logarithms
factorization should be exact!

/Y\ Under discussion!

Disclaimer
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Include theory predictions via MC rewelighting

one-dimensional reweighting of MC samples in ¢ = pSFV)

“ - Factorization!

V), o o
d () d (v (ﬁnJ](E)V\)f(gEW75QCD)]+d (V) .

dz°TH (E1n) = @0QCD(EQCD) o diﬁggD (€,€qcp) E%_md'({f%gQCD)
€T Y

d (v d (v d (v d (v

1,7QCp = 3-9L0qQcp T 1 9NLoQeD T 1 INNLO QCD

d vy d d (v

deEW — deNLO Ew T @O-SudakovNNLO EW

with nuisance parameters ety = (€Qep, €, EEW, €+)
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Conclusions & Outlook

» monojet / MET +jets searches soon limited by V+jets background systematics

» MC rewelighting allows to promoteV + jet to NNLO QCD+(N)NLO EW:

* Inclusion of EWV corrections crucial due to large Sudakov logs

« NNLO QCD crucial due to remarkable reduction of scale variations

» High statistics MC runs are under way

» Ongoing technical studies:
* refine treatment of uncertainties (incl. correlations and shape uncertainties)
* Impact of isolation in Y+jet

» Public document avallable very soon
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NNLO to the rescue
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/Y + | jet:pl-ratio

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