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Drell-Yan angular coefficients



Lepton angular distribution in Drell-Yan (photon exch.):

do o’
diqdQ 2w N.Q2%s?

(WT (1 + cos?6) + W, (1 — cos® )

+Wa sin 20 cos ¢ + Waa sin? 6 cos ng)

(Collins-Soper frame)

lepton plane (cm)
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Fixed-order pQCD



Collinear factorization:
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« gr # 0 : first non-trivial order ( = LO)
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- zerothorder qq — V — 0T¢~: > _____ < qT

e qr # 0 : first non-trivial order ( = LO) (’)(&S)
A#FL p#0, v#0
cbut: 1—XA—2v =0 (Lam-Tung relation)

Ayg = Ao



NLO: EZ< +..

first computed by  Mirkes '92; Mirkes, Ohnemus '95
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Fixed-order phenomenology
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Gauld, Gehrmann-De Ridder, Gehrmann, Glover, Huss ‘17

NNLOJET

pp— Z+X, IyZI €[0.0,1.0]

Vs =8 TeV

- —$-cMms

0.8
0.6F
0.4

0.2

data

I
-

1.4
1.2

NLO (CMS):
NNLO (CMS):

NNLOJET pp—> Z+X, ly | € [1.0,2.1] Vs =8 TeV
~ 0250 . —— - _
< C ]
| F —+ CMS data .
[}
< 02_— ..... LO —
- B NLO ]
0.15 —— NNLO ]
0.1 —
0.05F .
] -
T T T T
8 2 —_— — -
Z - -
S 15E —]
e -
= 1E
~ =
0.5C

X2 /Naata = 24.5/14 = 1.75
X /Ndata = 14.2/14 = 1.01



Ratio to NLO
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Lambertsen, WV ‘16
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« “dispel myth” that pQCD cannot describe data:
overall reasonable description

* relevant for extraction of Boer-Mulders fcts.
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note: positivity constraint A < 1  Lam, Tung '78
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Resummation
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* region qr < Q:

q

/\ ] 2k—1/ 2 2
W o ok [ 208 lar/Q7)\
dr N

“gs logarithms™

* all-order resummation very well understood for W-
Collins-Soper-Sterman formalism

* 1-1 correspondence to TMD evolution

Collins, Mert Aybat, Rogers, Qiu; Echevarria, Melis, Scimemi, d’Alesio;
Scimemi, Vladimirov; Kang, Prokudin, Sun, Yuan;...
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* specifically structure functions at LO (CS frame):

_ s 2log(g%/Q%) + 3
W0 = oy 2o 2108lar/@) ¥ 3
27 g7

/\1 — S
W — ol = ~Cp 52 (21og(¢}/Q%) +3) + ...

Boer, WV
* |leading logs same to all orders in Wp, Wi, Waa

Berger, Qiu, Rodriguez

* differences at next-to-leading log Boer, WV

* at present, resummation for angular coeff. not fully understood.
Vital for TMD phenomenology!
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* in fact, would like to understand full g; spectrum:
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« crucial for matching (“Y term”)

Vladimiroy,...

« develops different set of large logs



« LO:

QTaQ

Vs > qr+ Q2 + g2

- QT+\/Q%+Q2 <1

Yyr = \/E =




: LO QTaQ

Vs > qr+ Q2 + g2

- QT+\/Q%+Q2 <1

Yyr = \/E =

* NLO:
QTaQ

da.NLO ) ) .
x as [ Alog™(1 —yz) + Blog(l —yz) +C]

dqr



* NKLO:
QTaQ

da.NkLO

x aflog®" (1 —y%) + ...



* NKLO:
QT7Q

da.NkLO

dqr

* threshold logarithms

x aflog®" (1 —y%) + ...
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de Florian, Kulesza, WV; Kidonakis, Gonsalves; ...

* threshold resummation:

1 N
~ _ dO' = *
Gggsyrg(N) = / dys(y3)N 1 Z‘HW J
0 T

~ (res q int) -
Gontyg(N) = Cagoayrg A% AL JRAR 642, o (N)

LO cross sec.

soft/coll. gluons
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* threshold resummation:
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* ultimately, will need joint resummation of

both types of logs
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e e.g. inclusive Drell-Yan:

Q% Jk2 V
5(Tes) exp [2/ CZC—; Ay (as(kl)) [JO(bk?J_)KO (QN]CJ_) +In (Nku)]]
0 1

Q Q

e “jointly resummed” cr jon: Laenen,Sterman, WV
J y 0SS sectio Kulesza,Sterman,WV

N > 0b(Q): threshold logs (e.g. b=0)

bl > N : qgrlogs

e Drell-Yan at high g5 Muselli, Forte, Ridolfi



Conclusions and outlook:

» overall reasonable pQCD description of A, i, v

* not meant to argue that there are no effects beyond
fixed-order pQCD

« presently not a really good understanding of
Drell-Yan cross section at high g

e serious studies of Boer-Mulders etc. should include

pQCD radiative effects
(including resummation, probably joint resummation)
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 same issues at EIC! Koike, Nagashima, WV
d°o
dQ?dxy;dzrdg3de

= 0o + cos(¢)o1 + cos(2¢)o,



* Drell-Yan:
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qQq—Y*g qq—Y*g



* Drell-Yan:

U L (N) = Cygoryrg AL AL JEAM IO ()

Q9—"" g Qq—""g

* full QCD: NNLL: Hinderer, Ringer, Sterman, WV, to appear
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