prz and prw/prz with
analytical resummation

Massimiliano Grazzini

University of Zurich

H.} :
AU Universitit Mw topical meeting _ |
7 20ric CERN, June 22nd 2017 IDYSLO0E




Outline

Introduction

Analytical resummation

The W/Z ratio

Summary & Outlook



1/0 do/dqq [GeV™']

do

Drell-Yan qr distribution

d2qr dM2 dy dQ2

107°

p—
X
w

f—
N
NN

—
X
(o)

10~ 6

I llllllll I llllllll

lllllll

|

—— cDF

- pp ~Z°+X
- Vs=1.8 TeV

-

0.10

0.15j -
¥
K
n

L

1 lllllll

\llll|llll

L1 lllllll

") | )
o

| llllllll

(A lllll

50

200

da-ab

1 1
2 2 A .
;/Odn/odxz f:a/hl(xlau‘l:) fb/hQ(X27,uF) d2qrdM2dydQ (S;as, 4R, ILE)-

Fixed order perturbative
calculation is OK when

gr ~ 1mv

When qr << mv large
logarithmic terms appear
that need be resummed to
all orders



Resummation

The resummation is “effectively” carried out by standard event generators
but with limited (basically LLL) accuracy

Analytical resummation works in impact parameter b-space, in order to
factorise the kinematic constraint from transverse-momentum
conservation
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The resummed and fixed order calculations can then be combined to
achieve uniform theoretical accuracy over the entire range of qr
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contains all the standard fixed order result
logarithmically enhanced minus expansion of
terms that are summed to resummed formula at the

all orders same order



Resummation

S.Catani, D. de Florian, MG (2000)

tribut - G. Bozzi, S.Catani, D. de Florian, MG(2005)
Parton distributions factorized at up~ M ozzi, S.Catani, D. de Florian, MG(z005

S avoids PDF extrapolation to small scales
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where the large logs are Gn (as, L; M? [ pfh, M?/Q%) = L gV (asL)
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includes parton evolution includes parton evolution
from Mto 1/b at LO from M to 1/b at NLO

- Unitarity constraint enforces correct total cross section

¥ - Allows a consistent study of perturbative uncertainties
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Nice description of ATLAS and CMS data within uncertainties

Theoretical uncertainties at NNLL+NNLO are still relatively large, despite
the fact that we are considering normalised spectra



The W/Z ratio

The theoretical uncertainties are expected to cancel, at least in part, in the
W /Z ratio

How should we treat the scales in this ratio ?
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The W/Z ratio

The theoretical uncertainties are expected to cancel, at least in part, in the
W /Z ratio

How should we treat the scales in this ratio ?
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The W/Z ratio

ATLAS claims that DYRes and other tools predicts this ratio too hard
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The W/Z ratio

It is interesting that this effect is very similar to what we observe when going
from NLL to NNLL
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The W/Z ratio

It is interesting that this effect is very similar to what we observe when going
from NLL to NNLL
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More precisely, we find
that the bulk of the

NNLL eftect on the W/Z
ratio comes from parton
evolution
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The difference between NLL+NLO and NNLL+NNLO suggests that the

theoretical uncertainties are at the few per cent level
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Summary & Outlook

Perturbative computations based on analytic low-qr resummation matched
to fixed order provide the most advanced theoretical description of the DY
qr spectrum

The predictions come with relatively large uncertainties that should be taken
into account when comparing to data

The hardness of the W/Z ratio appears to be due to NLO parton evolution

The precision reached by the data calls for further theoretical improvements

- going to N3LL
- understand NP effects

- include heavy quarks



