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Drell-Yan transverse momentum

Transverse momentum of Drell-Yan lepton pairs is a crucial observable
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Drell-Yan transverse momentum

Transverse momentum of Drell-Yan lepton pairs is a crucial observable

P

/5 = 13000 GeV

MD?

Resum? o+
1N Z/,Y*
Q = 50-1000 GeV
NNLO?
=

P =T

This talk: experimental input from CMS
https://cds.cern.ch/record/2764470/
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Observables

We measure pr(¢{) and ¢* = tan((7r — Ap)/2) sin(6;) distributions in 5 dilepton mass

bins, and pr(¢¢) for > 1 jet in the lower 4 bins:
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Observables

We measure pr(¢{) and ¢* = tan((7r — Ap)/2) sin(6;) distributions in 5 dilepton mass
bins, and pr(¢¢) for > 1 jet in the lower 4 bins:

/\ Z peak: best studied region

do do do do do
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Myp [GeV]

We also measure ratios of these quantities with respect to the peak region:

do do
dfx(mgg)/ 3(76 < myp < 106GGV)

The ratios probe the 1, evolution directly.
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Detector level distributions
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> Almost background free in the Z peak region Y I
» Photon-induced lepton pair production at low pr
> tt production at high mass i s
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Phase space

The results are unfolded to the following phase space:

All distributions:
» Two electrons or two muons
» Dressed with photons in AR(¢,y) < 0.1
> pr > 25,20GeV; |y| < 2.4

For the cross sections requiring > one jet:
> At least one anti-kr jet
» Cone size parameter R = 0.4
> pr>30GeV, |y| <24
» Separated from leptons: AR(¢,j) > 0.4
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Uncertainties

MCMS Preliminary 36.3fb" (13 TeV) M(:MS Preliminary 36.31b-' (13 TeV) wCMS Preliminary 363" (13 TeV) mCMS Preliminary 3631 (13 TeV)
S [ — Toa uncertinty 50<my <76 GeV | & [ — Total unceriainy 76<my<106GeV | = [ — Totaluncertaimy 106<m <170 GeV | & [ — Totl uncertinty 170 < mye < 350 GeV
= a stat = = = sta
£ 12F nfolding sta £ 12] Unfolding stat E = Unfolding stat
g Unfolding model s Unfolding model 2 4 2 o Unfolding model
153 uminosity o Luminosity o — Lumi ity 13 — Lu sity
e Lepton energy e e —— Lepton energy e —— Lepton energy
5101 Efficiency 510 E — Efficiency El — Efficiency
2 Backgrounds 2 @ | — Backgrounds @ | — Backgrounds
E Jet energy Z Z gl — Jetenergy £ o — Jetenergy
o 8 S 8 g [ Others o
[ o o o

T 2% ° i
ar- 4
o
2 2]
= —
e ——
— e = ;
o 107 10 107 10° o 10° 10" 102 10° o 107 10 102 10° 100 10" 102 10°
Pr(tD) [GeV] pr(er) [GeV] Pr(tD) [GeV] Pt [GeV]
CMS Preliminary 36.31b" (13 TeV)

[ ee channel
350 ¢ my; < 1000 GeV'

S

Relative uncertainty [%]
@
?

— Total uncertainty
— Data stat
Unfolding stat
Unfolding model
— Luminosity
Lepton energy
icient

12.5F — Backgrounds
— Jetenergy
10.0F
7.5F
5.0k
25F
T
o 100 107 107 10°
pr(Ee) [GeV]

» Total uncertainty 1.5 to 2 % around the Z peak, larger at high

pr and hlgh Myp

» Dominated by systematics up to 350 GeV (except high pr)
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Predictions

MADGRAPH5 AMC@NLO

Monte-Carlo prediction

Baseline for LHC experiments
Z+0, 1, 2 partons merged at NLO
PYTHIAS8 parton shower
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Transverse momentum
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Transverse momentum

Prediction
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MADGRAPH — LHC baseline
» Globally good
description of the data
> Disagreement at low
pr in the region
sensitive to
resummation
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Transverse momentum
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ART]%MIDE > Very good description over the domain of validity
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CASCADE > Better than MADGRAPH at low pr

IR > Inclusive NLO ME gives a good description up to 100 GeV at high mass
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Transverse momentum ratios
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Probe evolution between different masses:

do d_(T

ﬁ(m[g) ax (76 < myy < 106 GeV)

Experimental uncertainty down to 1.2 % around the Z peak. 1



Transverse momentum ratios
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Spectrum becomes harder at high mass
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MADGRAPH is perfect in the low mass, fails above the peak
ARTEMIDE and CASCADE work within their range of validity
GENEVA predicts the evolution above the Z peak very well

11/17



Ratios of ¢* = tan Uy sin(67) A -
I [ ! ! L1 1T -
50 76 106 170 350 1000
. ,‘ ; o
o mcMSPreumT 36.3 b~ (13 TeV) . CMS Preliminary 36.3 b~ (13 TeV) cMs nary 3631 (13 TeV)
§ 0030 5 <
[y r— e S T So ¢ 4+ aMcenwo | §
S oss: {- R S 8
& o oast et ie, 8 + CASCADE | 00010 + aveeno
- " < —o— < 0.005F Bo g 4 CASCADE
CMS Preliminary 363167 (13TeV) o ] e 4 Geneva X o Geneva
S o — = Qoo 25 o0k e, + Measurement | 2 0.0008 4 Measurement
@ e ° ° R 2
é 0.08 = goost Foonst e 20008
o # = 4 o
o 0.05F 0.010F 4 aMC@NLO 0.002F =meg  o0004f *
° + CASCADE i *
5Ok 0.005f ‘:GSS"'u <‘107: Ge\)/ o Geneva 0.001F ‘77605 My :%56‘7 Ge\)’ 00002]- 350 <y < 1000GeV ey
T76<my<106GeV 4 Measurement 76 <My <106GeV T76<my <106GeV *
0.03| . . " . . . 6< u<‘ 06 Ge' ) =g‘=#
0.02| 4 aMC@NLO | [E1.25] Statistical W ® QCD scale (1@ PDF @ o, unc.| [z ; | Statistical B & QCD scale L@ PD
ooik S0 mu <76GeV + casonoe | &fE, e || P S—
£ 76 <my < 106 GeV Measurement | § e i
t ) ) * u‘ &l 30.75 g 3075 .
: E
S Statistical W@ QCD scale L@ POF @ a unc.| 1=, | ®QCD scale (@ TMD unc. | _[z 4 g = Statistical 8 ® QCD scale L& TWD unc.
Sle g8 ge
E §0 o EL%! gEI 00
: H &
I \ 0.75} . . 0.75] . ) )
© = Statistical B ® QCD scale (1@ TMD unc.| = ‘Statistical 8 & QCD scale @ resum. unc.| _[z Stalistical 8 @ QOD scale @ resum. unc.| =
<[51.25] = 125
8, g s glere e o= gt n =
3 HE N Ll £ B3 § Z
“ors . . . g0 . , , &l2o7s) . . . +[2075] statistical == & QCD scale & resum, unc, |
107 107 10 107 107 107 107 107 10 107 107 10
L2 £23 @q @y

Very precise measurement, uncertainties under 1 %
» ¢* ~ pr(£0)/myy, high mass spectrum compressed towards the low ¢*
» MADGRAPH shows a trend at high mass
» CASCADE and GENEVA within uncertainties
» Similar to pt, but less discrimination between models
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Transverse momentum, at least one jet
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Transverse momentum, at least one jet —
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One jet phase space: around 30 GeV
g jet q jet
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Transverse momentum, at least one jet
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» MADGRAPH within uncertainties, except in the lowest pr bins and at high pt in the

106-170 mass bin

» CASCADE Z + 1 jet @NLO fails in the 2 jets the phase space (lacks the gluon-gluon

contribution)

» GENEVA similar to the inclusive case

13/17



Transverse momentum ratios, at least one jet
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» Theory uncertainties dominate, all predictions agree with the data
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Summary (/2

Chis, |

Precision Drell-Yan measurement from CMS, over a wide mass range

» Three distributions in 5 (4) invariant mass bins:

» Inclusive pr(¢()
> Inclusive ¢*
> pr(£0) with at least one jet

» Probing evolution with differential ratios to the peak region

» 36.3fb~! of data at 13 TeV, combining the electron and muon channels
» Unfolded cross sections precise to ~ 2%

» Cross section ratios precise to ~ 1%

Details, tables... https://cds.cern.ch/record/2764470/
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Summary (/2

Comparison to four theory predictions

>

>

MADGRAPH5_AMC@NLO is robust all over the covered phase space, but disagrees
with data at low pt— up to 20 %

TMD based predictions (ARTEMIDE, CASCADE) better at low pt; merged or NNLO
required for high pt, one jet

GENEVA NNLL; describes neither the pt nor the ¢* distributions (a5 choice)

Cross section ratios can be predicted even by models that fail to predict absolute cross
section (CASCADE, GENEVA)

Z + 1jet is very sensitive to Z + 2 jets effects, only MADGRAPH describes it (with
caveats)
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