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Transverse momentum of Drell-Yan pairs
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Transverse momentum of Drell-Yan pairs
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Transverse momentum of Drell-Yan pairs

Fixed order
collinear factorization
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Transverse momentum of Drell-Yan pairs

Can we describe
data here?
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Matching resummation and Pxed order

do do do do
— tched) = — — ded —— (LO
dq% (matched) dq% (resum)Nrr dq% (expanded) » )+dq:2p (LO)

W—J W—J

W Y

| ISR s'’= 62 GeV
10° "o\ 5<M<8GeV -
Gyl | _ W+Y
2 10 _4
& \:’2:;;. |
“ & \7 | ] Gavin et al
3T G171 1.J.Mod.Phys. A10 (1995)
< 10 ?3\"*‘:111’; > ]
LO 4
NLO
107 :
0 2



do

dq7

Arnold & KauffmanOs rule

d d d
(matched) = %(resum)NL -~ %(empanded) —I—% (LO)
dqs dqs o) dq;
W Y

When W < 0 switch to bxed order |

(usually happens at qr = Q/2)
Arnold & Kauffman NP B349 381

Collins et al PRD94 034014



Transverse momentum of Drell-Yan pairs

NLO collinear factorization: O(ai)
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1.x10738
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Asymptotic =
expansion of resummed result
at Pxed order

here collinear factorization
should be reliable



low energy DY data
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ES866/NuSea
pp = pp” X

38.8 GeV

=

10"
10

[o)

OIN

[.,A®9/qd] b.p/op

OTIN—elep

T ey p—————————

i

%

T $

I"#
e SUE (),

10



Q=4.2-5.2 GeV, xg=0.15-0.35

E866/NuSea
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scale variations

- $=38.8GeV

NLO O(a3)
+PDF uncertainty

Q=4.7 GeV, x£={0.15,0.35}, target=p
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pion-nucleus Drell-Yan

Q=4.05- 4.50 GeV

NLO O(a?)

Q=4.50- 4.95 GeV

oW — =X

Vs =21.8 GeV




threshold resummation

o K .

- LO: 0r. O NLO ;

r

2 2 QTaQ
S{ \/EZQT‘F\/Q + q7

. _ar++ag+ Q2

* NLO:
QTaQ

dOA.NkLO

dqr

 threshold logarithms
d&NLO

” x as [Alog®(1 —y7) + Blog(l —y3) +C]
T

W. Vogelsang @Transversity 2017
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threshold resummation
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W. Vogelsang @Transversity 2017

15



known similar cases

pion production
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known similar cases

prompt photon
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INtrinsic Kt smearing

¥ take collinear factorization formula

do =) / da dzy fusa (2a) form (26) d5™170
ab

¥ give the incoming partons a small kr
dl = dxa d®kra dxp APk
ab
5
XaXbS

dr at 1" 1’

! fa/A (X1 kTa)fb/B (X1 ka)
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INtrinsic Kt smearing

intrinsic kt has a long historyE
(for prompt photon and pion production)

Owens RMP59, 465 (1987)
Sivers PRDA41, 83 (1990)
DOAlesio Murgia PRD70, 074009 (2004)
E

¥ give the incoming partons a small kr
dl = dxs d?kra dxp kT
ab
5
XaXbS

dr at 1" 1’

! fa/A (X1 kTa)fb/B (X1 ka)
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INtrinsic Kt smearing

non-perturbative kt

-\ quark
Kr | k

nucleon

¥ give the incoming partons a small kr

d = dxa 02K, dxp A2k
ab
| & |ab! 1* ]
' fa/A (X1 kTa)fb/B (X1 ka) X szd
a
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INtrinsic Kt smearing

non-perturbative kt

¥ give the incoming partons a small kr
dl = dxa d®kra dxp APk
ab
5
XaXbS

dr at 1" 1’

! fa/A (X1 kTa)fb/B (X1 ka)
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INtrinsic Kt smearing

d = dx, d?k T4 dx, A2k
ab

5
L faa (X Kta) fos (X KTp)

XaXbS

dgr a! 1" 1’

parton momentum:

k2 k2
1a kta,TaPa — 1a )

P-! 0 T 3\ = Ta Pa +
Pa (paapaapa) ( al A 437aPA7 4333PA

this enforces: PhDap =0 rq = pt/PF
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INtrinsic Kt smearing

d = dx, d2k 1, dxp d2KTp
ab

5
L faa (X Kta) fos (X KTp)

XaXbS

dgr a! 1" 1’

parton momentum:

k2 k2
1a kta,TaPa — 1a )

Ho 0 5T »3) = Py +
Pa (pavpaapa) (aja A Az, Pp’ Ao Pp

this enforces: pipa) =0 rq =/pF | PF

must make sure
¥ quark energy < proton energy
¥ quark direction = proton direction

kTa < \/370, (1 o xa)\/g

better to stay far from the bounds!

kTa <Xa S
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INtrinsic Kt smearing

d = dx, d2k 1, dxp d2KTp
ab

5
L faa (X Kta) fos (X KTp)

XaXbS

dgr a! 1" 1’

parton momentum:

k2 k2
1a kta,TaPa — 1a )

Ho 0 5T »3) = Py +
Pa (pavpaapa) (aja A Az, Pp’ Ao Pp

B=(q ! pa)° = Q?! 2¢7pi! 2¢) p3 +2q7 - Pra

make sure

A
A

t, u
not too small

Fixed Order must be valid!
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INtrinsic Kt smearing

d = dx, d?k T4 dx, A2k
ab
L fan (X, Kta) fos (X Ktp) D grabt I
XaXbS

k2

T max

/ rdk7
0

check independence from cutoff!
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INtrinsic Kt smearing

fa,/A (xaa kTa)
fa/A (xa,)

Q evolution from TMD extraction:

| /pure intrinsic | Q@ =4.2GeV

non pert. evolution

f(x=0.1, kr)
f(x=0.1)

complete evolution

Bacchetta et al JHEP 1706 081
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KT)

)

f(x

f(x

INtrinsic Kt smearing

Jaja (o, Kra)

fa/A (xa,)

choice of shape:

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Q =4.2GeV

A/-\\

the gaussian gives
Insensitivity
to ktmax cutoff
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INtrinsic Kt smearing

d q 'pb!GeV #

Ed

_E866, Vs $38.8 GeV, Q$4.295.2 GeV

RIN

T < k-2r >
= 0.81 GeV?

.k%
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same for any x and 3avor
Eand for gluons!!



Summary

¥ pxed-order pQCD largely underestimates low-energy DY
data at high gt

¥ nor threshold resummation nor intrinsic-kt model seem to
help

¥ more high gr data needed (Compass ?)
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EOkr-factorizationO formalism?

IIIII_=

A~ L B L
“‘> Vs = 62 GeV ;
O 10 Q? = (25-64) GeV? -
O —4<y< 4 :
N . = [Oth order ]
O 1 _ _ annihilation 1st order
C E----- Compton 1st order :
~— —1 sum 1st order i
~ 10 _ sum Oth and 1st order
S —2f
O 10 |
o 3]
—4
10
—5F |
10~ Lo -
0 8 10

Pts (GeV)

Szczurek, Slipek PRD 78, 114007

.

d = an dsza de dszb

ab

A

S
XF;L/A (xaakTaaﬂF) F(;L/B (mbakThﬂF)

N

Ounintegrated parton distributionsO
(from extension of CCFM equations)

Lalp

almost all of the cross-section
given by soft gluons +
intrinsic kt

da_ab—>l+ [~



EOkr-factorizationO formalism?

10 Q? = (25-64) GeV* ]

T
=

LA L LA LA LA B L
Vs = 62 GeV

-4 <y<4
. = .Oth order

_ _ .annihilation 1st order
______ Compton 1st order

—1 sum 1st order

e SUM Oth and 1st order

‘ 3 “10
s (GeV)

Szczurek, Slipek PRD 78, 114007

x 'Y

a

d = an dsza de dszb
ab

/A (xaa chw NF) F(;u/B (xba ka7 NF)

apparently difpcult to bPnd
a formal proof

A

S

Lalp

Avsar, Collms arX|v 12009. 1675

L S el

not clear why

it should differ from OtraditionalO

formalism at this kinematics
(not small-x)

almost all of the cross-section
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given by soft gluons +
Intrinsic kr
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Q$5.2! 6. 2 GeV, £$0.15!0.35
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E866/NuSea
pp — pu X - $=38.8GeV

E866, Vs =38.8 GeV, Q=4.2-5.2 GeV

—_— 2 2

N> 10 10 T

8 o'l e . -0.05<xF <0.15 1 . 0.15<xF <0.35
3 10°

210"

o

D 10'2

©

L]

data- NLO

— —_ —_
o o o
o - N

Ed30/d®q [pb/GeV?]

data- NLO




E866/NuSea
pp = pp” X
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INtrinsic Kt smearing
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INtrinsic Kt smearing
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threshold resummation

10! . E288
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W. Vogelsang @Transversity 2017
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[(pb GeV~'nucleon ']
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‘l(“.

threshold resummation
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W. Vogelsang @Transversity 2017
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angular coefbcients
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pp, E =800 GeV E866

E866 pp

qr [GeV]

W. Vogelsang @Transversity 2017
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angular coefpbcients
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