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Dominant backgrounds for monojet DM searches

Important/dominant backgrounds for various
BSM searches (lepton + missing Et + ets)

Dominant backgrounds for top physics

Dominant backgrounds for Higgs physics, e.g.VH(—bb),
H—=>WW

Large cross-sections and clean leptonic signatures
V+jets: Precision QCD at LHC

Playground to probe different aspects of higher-order

calculations
(LO+PS, NLO+PS, NLO-Merging, NLO EW....)

Probe and constrain PDFs
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Decays of heavy particles @ NLO EW

» Leptonic decays of gauge bosons are trivial at NLO QCD. At NLO EW corrections in production, decay
and non-factorizable contributions have to be considered.

» Scheme of choice: complex-mass-scheme [Denner, Dittmaier]
gauge invariant and exact NLO

* computationally very expensive: one extra leg per two-body decay

» Pragmatic choice: Narrow-width-approximation (NWA)
 gauge invariant in strict on-shell imit of NWA
* allows to capture all Sudakov effects (not present in decay)
* allows to go to higher jet multiplicities

* not applicable to all processes at all perturbative orders
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Combination of NLO QCD and EW & Setup

Two alternatives:

NLO 1O NLO NLO
OQCDLEW = 0~ +00G6D + 00w
NIL.O NLO
NLO _ _NLO 1+_50EW7 _ _NLO 1%_5UQCD
OQCDxEW — 9QCD -LO — 0w -LO

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

Relative corrections w.rit. NLO QCD:

NLO
0QCD4+EW _ (1 N 5gg\17\70>

suppressed by large NLO QCD corrections

NLO NLO
TQCD 7QCD
NLO NLO
TQCDxEW _ (1 99EW “usual” NLO EW wirt, LO
NLO T LO
0QCD o
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v + | jet: exclusive

pp— ¢ v+ 1j @13 TeV

10° r Ady,j, <37T/45§ A¢J |j2 < 31'[/4
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off-shell vs. on-shell production
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Effect of decays:

» Large Sudakov corrections unaffected

» However: needed for realistic experimental cuts
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Leptonic observables: only in off-shell calculation

pp — e et +2j @ 13TeV
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» up to 50% from QED Bremsstrahlung.

» Similar shape as for NC DY

[S. Kallweit, IML, P Maierhdfer, M. Schénherr, S. Pozzorini, 1441 5]

109
S
5 _3
O 10
o)
=
=
= 107
g
e
~
iS
10~?
1.8
1.6
1.4
8 1.2
5
S 1
s 08
S .
0.6
0.4
0.2
0

pp — € U + 2j @ 13 TeV

W-— v

] LO
© s NLO QCD
r = NLO QCD-+EW
; —— NLO QCDxEW
g e
-'ff—‘m i \____F‘ﬁ____:
[ mW = \/QpT,ng,,/(l — cos A¢y,)

100 200 500 1000

MTwW [GeV]

» moderate EVW corrections at large
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» no (strong) Sudakov enhancement
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inclusive V+ | jet: MEPS@NLO QCD+HEW it
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Jonas M. Lindert EW corrections for V+jets |5



Unce&ainties

Jonas M. Lindert

EW corrections for V+jets



V+jets backgrounds in monojet/MET + jets searches
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larget precision

T T T T I T T T | T T T T | T T T T | T T T T I T T T T

N .

N=0(ptV>PTmin) ¥ 300 fb~'] —

Solid: Z—>ee i
Dashes: W—>ev

/
10—4 ( 1 1 1 | ! 1 1 1 | 1 1 | | | | 1 1 1 | 1 | 1 | | 1 1 1 1
0 500 1000 1500 2000 2500 3000

PTmin

* for 500 GeV < pTV < 1000 GeV: background statistics will be at 1% level
understanding of V+jets backgrounds at this level increases sensitivity in DM searches

this level of precision is theoretically possible @ NNLO QCD + NNLO EW
* requires solid understanding of uncertanties!
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Determine V+jets backgrounds

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

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

Y+jets
""l
Il.'llll.l#.....,.
Loy
Y
iiiiz'.2'.'.
T Z(DUV)Het
— >
1 TeV pT\/
* hardly any systematics (just QED dressing) » fairly large data samples at large pT
* very precise at low pT * systematics from transfer factors

* but: limited statistics at large pT
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[to be published soon,
GOal Of the OﬂgOmg StUdY already available to ATLAS & CMS]

work in collaboration with:
R. Boughezal, A. Denner, S. Dittmaier, A. Huss, A. Gehrmann-De Ridder, T. Gehrmann, N. Glover,
S. Kallweit, M. L. Mangano, TA. Morgan, A. Mick, M. Schonherr, F. Petriello, S. Pozzorini, G. P Salam

* Combination of state-of-the-art predictions: (N)NLO QCD+(N)NLO EW
in order to match (future) experimental sensrtivities

(1-10% accuracy in the few hundred GeV-TeV range)

one-dimensional reweighting of MC samples in x = p(TV)

- d vy_d v, d o, d, v, d W
Wlth @O—TH T d33 QCD + 4 dr O mix + dr AO-EVV + @O—’Y ind.
* Robust uncertainty estimates including * Prescription for correlation of these uncertainties
|.Pure QCD uncertainties » within a process (between low-pT and high-pT)
2.Pure EVW uncertainties » across processes

3.Mixed QCD-EW uncertainties
4.PDF y-induced uncertainties ....

Jonas M. Lindert EW corrections for V+jets 20



Prelude: Z+jet vs. Y + | jet

pp — Z+1j @ 13 TeV 10% pp — v+ 1j Q@ 8TeV

102 [ 102 | +iet
3 " Ag(j1,J2) < 2.5 e Ad(j1,j2) < 2.5 3
& 10y |2 100}
g 107} | £ 107}
< 5 <) :
o 1077 F LO 3 o 1072 | LO
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F —— NLO QCDXEW 5 f —— NLO QCDxEW
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25
2
s
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QCD corrections EW corrections

» mostly moderate and stable QCD corrections ~ » correction in pT(Z) > correction in pT(Y)

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

zeable diff for small pT
slzedble difierences tor small p » EW corrections > QCD uncertainties for ptz > 350 GeV

Jonas M. Lindert EW corrections for V+jets 2|



Prelude: Z/y pl-ratio

pp — Z/v+1j @ 8 TeV

0-3 [ | | |
do(j1,72) < 2.5
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§ 026 F e 1 » mild dependence on the boson pT
Y
1 .'
o022 ¢ .
2 QCD corrections
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Prelude: compare against /Z/y-data

[JHEP10(2015)128]
Z /1y ratio for events with njes > 1 Z /7y ratio for events with njes > 1
& L | | | | 18 & O F | | | | | 12
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= By 3 - - 15
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] N JHEP10(2015)128 ’
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1.2 — 1.2 [ . 1 —
S 11 - = 1.1 I —
1 C ] 3 4! L. ]
Q C ] S " ] 7
Z, 1.0 BEe-0-0~-0—0—0—0——0——O——O——O—0 ® ® ® ® ° 1.0
S et e oo oo o .. : = 1” I l l g
3 : T . . _ p= ]
5 09 E °9 | E
0.8 — —] 0.8 —
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[Ciulli, Kallweit, IML, Pozzorini, Schénherr for LH?15]

» remarkable agreement with data at @ NLO QCD+EW!
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QCD effects [see Nigels talk]

d ) d ) d (v d (v

1,7QCD = 1 7L0QCD + 1, 7NLoQep T - INNLO QCD

pp —Z(— (107 )+ jet @ 13 TeV

'%‘ 101 I T T | I I I T T 1
g 1 Ho = 5 \/p%‘,w—g— + m§+g— + Z |pT,i|
2 107" i€{q,9,7}
~ 1072
~ _ . . , .
S 1077 this is a ‘good’ scale for V+jets
g 10:‘5‘ e at large pTV: HT'/2 = pTV
o ——Te * modest higher-order corrections
o NLO QCD e sufficient convergence
. === NNLO QCD
10
109
10710 | | scale uncertainties due to 7-pt variations
= | | I I | | | | I I |
1.2 — I I 1T 11 | I I I I 1T 11 | I ]
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A — L=
o T F ~ (&r, &) = (2,2), (2,1), (1,2), (1,1), (1,0.5), (0.5,1),(0.5,0.5)
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2 OF = yields
S — _|
g 0.6 — ] O(20%) uncertainties at LO
o ou - 5<1)KN1<LO = O(10%) uncertainties at NLO
- L | | L . O(5%) uncertainties at NNLO
10° 103
pry [Gevl with minor shape variations

[A. Huss, A. Gehrmann-De Ridder,
NINLO from I. Gehrmann, N. Glove, TA. Morgan]

Jonas M. Lindert EW corrections for V+jets 25



Correlation of scale variations

pp —etTe jvs. pp — e 7] @ 13 TeV

Z+jet/W+jet LO (uncorrelated errors)

consider Z+jet / WHjet prv-ratio @ LO

uncorrelated treatment yields
O(40%) uncertainties
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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
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Correlation of scale variations

pp —etTe jvs. pp — e 7] @ 13 TeV

Z(— T4 )+jet / W(— e~ 7) +et

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

Z+2 jets/W+2 jets LO

Z+3 jets/W+3 jets LO
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do/dotO
=

=
o
W

102

S
~
<
3
S

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!

Also holds for higher jet-multiplicrties
— indication of correlation also In
higher-order corrections beyond NLO!
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pp =W(— )+ jet @ 13 TeV

QCD uncertainties

% 10° ] T T I d v . v 3 . v
?\a wi ao—l(\f’“)LOQCD(EQCD> = Kf\fkio(x) +Z€QCDJ 2 )K1(\Ik)Lo<x)
a i=1
107" d
= 102 (V) —
§1Z3 X @ULOQCD(MO)-
S 104
-5 — o Z W+ ,
s NLO OCD s €OeD. = €Oeph = gD = €QCD. nuisance parameters:
107 -
o - * correlated across processes interpreted as |0 Gaussian
T L | * correlated across pT bins
1.2 — I I T T ‘ I I I T T ‘ I —
g 1 = |
a - J
S o8 k= i (1) 7oV _ - Vimax  7-V,min
- ] ® 0"V KXo = 9 Kyiro NkLO
E O.6j __I-I-l-:_|
© o4l S Ko = symmetrized scale uncertainty
12 R — ,
; F S @ SKY, = TPV EE0RY,
Y- - pa + 650 GeV
S _ ' o . ' ' ' '
T 06 T yields max shape distortion within scale variation band
° 0.4 = 5(2)KN1<LO 3
- R | | I ! ]

i wshape (p T)

1 S o - - e - - - - - e -

100 200 500 1000 3000
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QCD uncertainties

pp =W(— )+ jet @ 13 TeV

2 3
'%‘ 10 1 \‘ T T ‘ T T T T T d V V V
< \ TN oqen(@cn) = | Ko@)+ sqeni 6K o)
oF
= 10 ' - d
= 1072 - (V) —
%123 ‘ * 1z — 01,6 qcp (Ho)-
& 104 .
e o Eg;zzcgn = E(VgD) E(WC)JD = €QCDi nuisance parameters:
10 NLO QCD = i QCD,i QCD;i .
107/ -
o - * correlated across processes interpreted as |0 Gaussian
e L | * correlated across pT bins
1.2 — I I T 11 ‘ I I I I [ ‘ I —
5 1f - )
o L — .
2 o8 k= - @ (1 ) - Vimax  7-V,min
- - 0 NkLO ~ 9 Kyivo — Byxipo
E O.6j __I-I-'-i
® o4l 0 Kykio = symmetrized scale uncertaint
- | | ] / /
TE \ \ = ~ p% — 650 GeV
g = E ® 5 NkLO '2I‘ 5 NkLO
S ] ' . . ' ' ' '
T o6 - yields max shape distortion within scale variation band
° 0.4 - 5(2)KN1<LO 3
B | | I ‘ | | | | I I ‘ | .
1.2 — I I T 11 ‘ I I I I [ ‘ I —
5 1 - = ® 5( )K . _ KNkLO . KNkLO
o] - . NxLO KV K
% 0.8:— { Nk—1L.O Nk—=11,0
3 6 ]
~ 0.6 — ] . . . .
s F 5@ K o | Difference of (N)NLO corrections as process correlation uncertainty
0-4 ]
L L] L] ]
107 103
pr,v [GeV]
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QCD uncertainties in pI-ratios

p —=Z(—= LT07)+jet / W(— fv)+ jet @ 13 TeV
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2. pure EVV effects uncertainties



Virtual EW Sudakov logarithms

Originate from soft/collinear virtual EVW bosons coupling to on-shell legs

v, Z,W* ¥, Z, W* v, Z, W= H t, ..

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

o]0) a a § ew §
wiLLN‘iL:MD—Z > rmrou (4) s (1) Mo

W
l#k a=~,Z, W+ )

* process-independent, simple structure

* typical size at V5 =105 10TeV: = |arge (negative) corrections at high energies
N ; (pT, MET, HT, Minv)
oL, ~ — log” ~ —28,—76,—104 . . .
b TS o8 M3, R & = sizeable cancellations between leading and

3a 5 ~ 416,428, +32% subleading terms possible

0 ~ ~
NLL —I—7T W M2
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Pure EVW uncertainties

pp = Z(— (107 )+ jet @ 13 TeV

;‘ 101 \ T T ‘ \ \ \ T T . .
3 1 EWV corrections become sizeable
g 107" at large prv
s~ 1072 .
S 1073 Z+Jet o , ,
2 104 Origin: virtual EW Sudakov logarithms
T 1075
10_6 .
1077 — LO Note: real EVW Sudakov logarithms
10" NEO EW included as separate VV(+jets)
-9
o backgrounds
10 = | | [ | | | ‘ | | | | 1 | | ‘ |
1.2 — \ \ T T ‘ \ \ \ \ T T ‘ \ —
0 ' - i How to estimate corresponding pure
3 80 E EW uncertainties of relative O(a?) ?
B 06 -
- KEW + 5(1)KEW ]
0-4 —
B ] ] il

102 103
pr,v [GeV]

Jonas M. Lindert EW corrections for V+jets



d(T/de,V [pb/GeV]

do/doj o

0.6

0.4

Pure EVW uncertainties

pp = Z(— (47 )+ jet @ 13 TeV

XXNNN‘ I I T T T

/+]et

— 10 .
NLOEW a(L°+L%)
—— Sudakovyio 4~

Large EW corrections
dominated by Sudakov logs

|

Uncertainty estimate of NLO EW
from naive exponentiation x 2:

2

(1) g
O KEW 0 (HNLO,EW)
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d(T/de,V [pb/GeV]

do/doj o

0.6

0.4

Pure EVW uncertainties

pp = Z(— (47 )+ jet @ 13 TeV

XXNNN‘ I I T T T

/+]et

— 10 .
NLOEW a(L°+L%)
—— Sudakovyio 4~

Large EW corrections
dominated by Sudakov logs

|

Uncertainty estimate of NLO EW
from naive exponentiation x 2:

2

(1) g
O KEW 0 (HNLO,EW)
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pp = Z(— (47 )+ jet @ 13 TeV

Pure EVW uncertainties

d(T/de,V [pb/GeV]

I

I

NNX‘

I

I

/+]et

— LO 5 1

NLOEw (L™ + L)
— SUdakOVNLo/ a2(L4 4+ L3)
— NLO EW + SudakovNNLo &

do/doj o

. o
KNLOEW(3,t) = - [5}(1201 + 5&)01}
KNNLOSud(8, 1) = (;) 5&)(1

Large EW corrections
dominated by Sudakov logs

|

Uncertainty estimate of NLO EW
from naive exponentiation x 2:

9 k
5(1)/£Ew ~ — (KJNLO,EW)

k!
v

check against two-loop Sudakov logs
[Kihn, Kulesza, Pozzorini, Schulze; 05-07]

1 3 i i i
g 1 1 !
2 n i3 i gkl ; S
J J i .
V; 1 \% 1 Vi, i i 1 . 3
k k 1

i Va i Va2 i i

% 1 Vi

+ )Q//g + )@&){ +3 )Qi
J J J J
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Pure EVW uncertainties

pp —=Z(— (10 )+ jet @ 13 TeV

XXNNN‘ I I T T T

/+]et

— LO 5 1

NLOEw (L™ + L)
— SU_dakOVNLo/ 042([/4 4+ L3)
=== NLO EW + SudakovNNLo &

102 103
pr,v [GeV]
. o
KNLOEW(3,t) = - [5}(118301 + 5&)01}
KNNLOSud(8,t) = (;) 5&)(1

Large EW corrections
dominated by Sudakov logs

|

Uncertainty estimate of NLO EW
from naive exponentiation x 2:

9 k
5(1)/£Ew ~ — (KJNLO,EW)

k!
v

check against two-loop Sudakov logs
[Kihn, Kulesza, Pozzorini, Schulze; 05-07]

|

Uncertainty estimate of NNLO EW:

2 (v 1%
5(1)%(E‘<;\)/(5€) = g’ﬁ(\IL)OEW(x) ’ﬁ(\IN)Lo Sud (T)
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do/dprv [pb/GeV]

do/detO
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do/dotO
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pp —Z(— (TL7)+ jet @ 13 TeV

Pure EVW uncertainties

— LO
NLO EW
— Sudakovynro
= NLOEW + SudakovNNLo

KEW + 5( )KEW

102

103

pr,v [GeV]

® ‘higher-order logs
- .- ” (correlated)
O kg () 3/431(\1L)o Ew (Z) FNNLO Sud (%)

Additional uncorrelated uncertainties:

® ‘hard non-log NNLO effects I
1% 1%
(5(2)&1(3\2\)/(5’7) =0.05 ’fl(\IL)o pw (2)

= 5}(12a)rd

(uncorrelated)

057 (1) (1)
S ° (;5 5hard ~ 20 5hard

® ‘hard non-log NNLO effects II

W) (uncorrelated)

v
KNNLO Sud (z) — )

5 ["GNLO pw (Z )]2

5 kg ()

estimate of typical size of {5(1) } or 5}(11)rd X 583(1.
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V+jet @ NLO EW, 13 TeV
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V+jet @ NNLO EW, 13 TeV

Pure EVW uncer:

//

NNLO

ainties

NNLO EW corrections at | TeV

* Ytjets:-10%
o /+jet:-20%
* WHjet: -25%

Pure EVWV uncertainties

e tiny at low pT and only 1-2% at | TeV
e thanks to NNLO Sudakov logs

(up to ~ 5%)

- == Z(—= ("0 )+jet —:; = Z(— 0T")+jet j
E W(— v)+ jet 0 W(— )+ jet 3
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3. mixed QC

-

-V uncertainties



Mixed QCD-EW uncertainties

PP Z(— (0 )+ jet @ 13 TeV Given QCD and EW corrections are sizeable, also

= 10! B T T — T w mixed QCD-EW uncertainties of relative O(aas)
) T .
O 1 e have to be considered.
<2 10 ' m—
Q-‘ —
~ 1072 — .. T
. = Additive combination
Q. 10 =
o -
~ 10 4 ﬁﬁ___L NLO _ LO NLO NLO
5 . 0QCD+EW = 0 +00Q¢D + 00gw
10_6 _=== . .
1077 LO - (no O(Ozozs) contributions)
. —— NLO QCD -
I NLO QCD&EW -
S === NLO QCD®EW Multiplicative combination
(0]
e | NLO NLO doR
iy 7QépxEwW = oqc¢p |1+ —fo~ |
A =
8 0.9 ?
; 2‘8 = (some dominant 0(04043> contributions,
5 O'Z = e.g. EW Sudakov logs X soft QCD)
~ O E
= SZ =
03 . ... | Difference between these two approaches indicates

size of missing mixed EW-QCD corrections.

pr,v [GeV]

Kqoecperw — KqQepgew ~ 10% at 1 TeV

Too conservativel?

For dominant Sudakov EW logarithms factorization
should be exact!
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Mixed QCD-EW uncertainties

pp —Z(— £T07)+ jets @ 13 TeV

doro/dpr,v [pb/GeV]
5

|

KNLOEW
Qo
[SY)

Vi
NLO EW
1
Q
9 |

o

— full NLO EW

— Vj w.o. NLO EW interference

[ \‘\ [ \‘ | H‘HH‘HH‘HJ HH‘HH‘HH‘HH‘HH

nadj —x
NLO EW
o
Q
Ul

|

|

=
H
<
2
H‘Hﬁ‘\ \‘HH‘H

mmmm\

102

103
pr,v [GeV]

Bold estimate:

Consider real O(aas) correction to V+jet
=~ NLO EW toV+2ets

and we observe

doNnLo EW doNLO EW <
S 1%
dot,0 V+2jet doro  1v4ijet

strong support for
* factorization
» multiplicative QCD x EW combination

Estimate of non-factorising contributions
(correlated)

(V) (V)

— K@) = 01K o, io) — Ki o (o)

(tuned to cover above difference of EW K-factors )
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4. Other issues (PDFs, ¥-induced )



Photon-induced production

qq+98/qy —Z(— £T07 )+ jet @ 13 TeV

- T T T T T T T —
% 0 | % 10"
O 1 O
P < 1
& 10—2 .-‘é‘_‘ 10t
>\ 10 ~ 10 2
=~ — ~
S 10 3 SN —3
Z 4 < 10
~ - ~
s 10_ 5 ot
10 0 105
—6
10 10—6
107 — LO qq+qg LUXqed o7
108 = LO qy LUXged o8
1079 [ LO g7 CT14qed.inc 9
- LO q7 NNPDF30qed o
10 = 10
S -
0.2 — 0.2
Q 0.15 — o 015
) C )
O 3
S 01 | S o1
0.05 — 0.05
0 - I—!_hY_Y_Y_‘ | | | | o)
102

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

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
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1.02
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100

PDFs

QED effects on (g2) luminosity

QED effects on (qq) luminosity

] PDF4LHC15 uncertainty S foa b ] PDF4LHC15 uncertainty
m— | UXged / PDF4LHC15 ;l ' | UXged / PDF4LHC15
. 9 .
C
o 1.02
@)
T
—
=
LL 1
)
o
o
c 0.98
)
&
i)
O
& 0.96
200 500 1000 2000 100 200 500 1000 2000
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 small percent-level QED effects on qg/qq luminosities (included via LUXged)

e |.5-59% PDF uncertainties



Conclusions

» 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 / Questions

» percent precision requires scrutiny of many subtleties and close TH/EXP interplay
» Experimental closure tests in control regions

» Uncertainty estimates applicable to other more exclusive observables?

» Framework applicable to other process classes!

» Utilisation in PDF fits?

Jonas M. Lindert EW corrections for V+jets

49



BACKUP



NNLO for Z+jet

.ot _NNLOJET Pp—Z+=0jet Vs=8TeV .ot _NNLOJET Pp— Z+=0jet Vs=8 TeV
: ; E— R ' ] r - — T - T ]
100 L ATLAS Data —e— | ATLAS Data —e— _
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— 1071} NLO —— | < NLO i
> Q@ ]
S = |
Y 2 L — i
:5_ 10 : rt‘é._
NlQ_. 10-3 | - -~
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B ©
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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
100 o ATLAS Data ——e— _: - LO
NNLO ——
< 107} . NLO —— ] .
;" Z+jet | W+jet
=i ] —
g 103} 5 =
o ] S
3 10| ]
[ NNPDF 3.0
I pf>20GeV Iy4 <24
10 - 66 GeV <m; <116 GeV
10'6 [ . . ! TR S S S . . . ! L L L L
0 200 400 600 800 1000
1.3
o 12
I
z
2 14
9
T
T 1.0
0.9
50 100 500
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/NLO ~ 1 for large pT!
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Jonas M. Lindert

EW corrections for V+jets

53



Subleading Born: pT

pp = {tv/l~ v+ 2j Q@ 13 TeV pp — v/ Lt +2j @ 13 TeV
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Note: this modelling of process correlations assumes close similarity (V) (2) (2)
. . ONLO  9NLO < ONLO
of QCD effects between different V+jets processes ~— " |,V L@ e

Caveat: Y+jet

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

* at pT > 200 GeV it is also the case for y+jets vs. Z+jets.

Different logarithmic effects from fragmentation
* W/Z+jet: masscut-off MVj =MV Y

* Y+ jet: Frixione-isolation cone of radius Ry <

TS ad

Consider dynamic Y-isolation with Rdyn(pTy) = min{1.0, Mz/pTy}

5 NLO QCD
V+_] /d V-H

2.2

2 |

1.8

1.6

14

1.2

* Yayn Dehaves like W/Z at pT > MZ

=>justifies process-correlation estimate

* remnant part Yax — Ydyn Uncorrelated
(uncertainty through extra reweighting and MC)

50 100 200 500 1000 3000
pr,v [GeV]

Jonas M. Lindert

EW corrections for V+tjets 55



QCD uncertainties

NLO QCD for V+jet @ 13 TeV

NNNNNN‘ T T T T T 17T T

== Z(—>0T07)+jet
= W(— lv)+ jet

et NLO QCD corrections and uncertainties
* almost identical forW/Z/y for pTV > 200 GeV
* sizeable Yy+jet fragmentation for pTV < 200 GeV
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/Y + | jet:pl-ratio

pp — Z/v+1j @ 8 TeV

0-3 I I I I
dé(j1,j2) < 2.5

008 | *ULI2 | Overall
< 0.26 J— ey ] » mild dependence on the boson pT
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" QCD corrections
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N LO o
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016 F —— NLO 8CD><EW ] 4 < 5% above 350 GeV
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do/dpTV

W(—=IV)+jets




