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Forward Drell-Yan at LHC: kinematical reach and use

Forward Drell-Yan @ " [TChop | 18<y<4s
may be used to measure 10° FTGPDS ! Iyl <2.5
parton densties down M

tox <10°at M* ~ 10 GeV? e
Possible effects of multiple

scattering and higher twists
(small x enhancement of 10" }2.5GeV/
multiple gluon exchange): ool
competition of 1/M? and x™*
terms

Needed to be controlled
theoretically to avoid systematic errors of parton determination
Potentially — measurement of higher twists.

Advantage: 4 independent structure functions

104

103 s

Q2 (GeV?)

107 | Fixed target
lllxlul L lkll.ul.i L lllllul L Allilul L 11151“[ A LllLU.Ll AL Ll
107  10° 10° 10 10° 102 10! 10°
X




Drell-Yan kinematics
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Drell-Yan structure functions:

® |epton angular distributions: 4 Drell-Yan structure
functions (W_ — frame dependent)
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® |nvariant structure functions:
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Leading diagrams of Drell-Yan

® NLO
® [ eading Order




Leading diagrams of forward Drell-Yan

I S
e Asymmetric kinematics: X, >> x1

® Dominance of the quark see — driven by gluon evolution

® Good approximation: gluon evolution followed by splitting
to quark (anti-quark) in the last step




Forward Drell-Yan in dipole formulation

I a4
® Large energy limit: conservation of transverse positions in scattering
® “Effective color dipole” emerges from interference of photon emission

® “Crossed”

® [nterference of photon

before and after scattering, y* carries fraction z of p* of incident quark

photon wave /
function: Wm\&

helicity states through
leptonic tensor




Formalism proposed and developed by:

Brodsky, Hebecker, Quack (1997)

B. Z. Kopeliovich, J. Raufeisen,

A. V. Tarasov (2001)
Gelis,Jalilian-Marian (2002)

Raufeisen, Peng, Nayak (2002): plot -

M3d20fdxl: dM (nb GeV?/ Nucleon)

Forward Drell-Yan in dipole formulation

U%’L (gp — v X) = / d*r th’L (2,7, M?,m¢) 0gq (12, 27)
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Twists in a nutshell (1)

I 4
® Higher twists effects: power .

AN :
WH — = CH @ fr.i(Q° /A
suppressed by hard scale: Z (Q) Z i ® Fra @/
' : — _ [N _
Typical operators: Wl Dus -+ - Dpnralp) = (") g Puy -+ - Ppun
What is known Complete twist 4 analysis o ¢ggg evolution [Ellis, Furmanski and Petronzio, 1983]
on higher twists
In proton?

Understanding of twist-4 gluonic (gggg) operators — not complete
However — dominant contribution should

come from quasipartonic operators (0.AS) (0 AZ)? D)
(twist = number of free partons in t-channel,
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Twists in a nutshell (2)

Evolution of quasi-partonic operators: n-tchannel partons +
pairwise (non-forward) DGLAP interactions

More rapid QCD evolution Twist 4 N 1 ( ASr— )
of higher twists with x Twist 2 Q2R2 Y \/’ 0g((%) log(1/x)

Significant corrections to precise parton determination, dependent
on x and Q¢

Quasi-partonic operators: relation of higher twists to multiple
scattering, multiple parton densities and parton correlations

At the LHC region of very small x may be probed for
perturbative scales ~ 10 GeV-
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Difficulties In rigorous treatment of higher twists

First-principle theory of higher twists: highly involved, few studies
done within decades, not complete

To provide reliable predictions: a lot of input from measurements
IS necessary — missing so far

So - rely upon simplified picture: QCD guided model of
rescattering with unitarity constraints

Most advanced QCD studies of rescattering provided so far in
the high energy limit, in kT-factorisation approach and small-x
resummations (of logs(1/x) )

Efficient tool to treat multiple scattering: QCD guided saturation
model

12



Inclusive forward Drell-Yan at LHC: higher twist
corrections

® Golec-Biernat, Lewandowska,
Stasto, 2010 (plot): first
analysis of twist content of
forward Drell-Yan within the
GBW saturation model for
dipole cross-section, using the
technique of Bartels, Golec-
Biernat and Peters done for the
Inclusive cross-section (in qT
and the lepton azimuthal
angle)

® Predictions for the LHC (plot)
large higher twist corrections
within kinematical range of
LHC (LHCDb)
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Forward Drell-Yan cross-section in KT factorisation

do AN Neom ) L
- = — : L77 (€2 1z plrp/z
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Mellin representation of forward Drell-Yan structure
functions:
I S

® Standard procedure: r-space — Mellin moments space

1 22\ S
) ds _ =2( .
W, — / dz p(xp/z) / S g(—s) ( 30) D;(qr. s, 2)
v c 271 n?

15



Mellin representation of DY impact factors

I a4
® Mellin transforms of impact factors for all DY structure functions
found, e.g.:

5 2 (2I%(s + 1) _ "
(I)L(QT!S! ~) = = { - ‘ QF]_ (5+ l?'S+l?l?_—
) 2 | 1+ g3/n2 n2
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— (s 4+ 1) (s +2) o F} (5' + 1,5+ 2,1, qi;) }

=z

_ —s5—3

) 1 27 4t

O .S, 2) = ‘ L Mt 2
rr(qr. s, z) 9.2 {r(1 — s)sinms q%/'?ig ( ’ ?73) e

[(l—f—qg) (l—i—qg(%—i—Q)) gFl(—€+l%+ll {i )
?;z nz qT+?7z
1+2 2( + 1) ) oF (—s+1s+2.1, gq%
n? | U qp +n?

A 2
i/ (s + 1)T(s +2) oF, (.5-+ 1,5 +2,2, q%j)}
l+qT/?;z n?

® Necessary for twist analysis, but useful also in BFKL approach
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Twist decomposition of helicity structure functions (1)

B
® Necessary to assume certain form of dipole cross section.

Choice to start with: Golec-Biernat Wuesthoff dipole cross-
section, with saturation scale Q, (x)

e Problem of 2 hard scales M* and ¢, — solution Q_ expansion

® At twist 2:
L{;f) — op
L’L’T]{?) =
L’L’T]{ﬂ? =
Hrré? 0

1
=0 'l—IﬂE/dz plrp/2)(2 — 2)

2 rl AMS @ (1 — 2)?
<% [ = ptar/)— (1= 2)
;L{ TE [q]" + ;'?.Ijr"'(]. — E)]

Q% ! o M* qp + M*(1 — 2)?
1—;/ dz p(xr/2) [1 + (1 — :»‘:)2] : [ET o 4}
M= Jap 2 g7 + M?*(1 — 2)]
Q2 ! 2M6 g2 (1 — z)?

M= Jap lg7 + M?(1 — 2)]

- M? qr [—q% + M?(1 — z)] (1—2)

1

WA
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Twist decomposition of helicity structure functions (2):

B A
® Twist 4:

1 pl

W (4) _ P Qé d . 2

L =007 2z plep/z)2” X
1 TR

AM® [7gh — 10M2q3(1 — 2) + M* (1 —2)?] (1 — 2)*
X
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W Q[ .
1V j'f-'
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X
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Hﬁl — U[}%/ dz gJ(IF/Z}EZ I [ g ; 6]
¥ TR [q]-' + M (1 — z)]
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Mellin representation of qT-integrated DY structure
functions
I S

1 V. 72
W= S [ e

® Explicit integration — cross-checks with results known In
the inclusive case

- ds 1 1—=2 :QQ% : VT (s +1
W = 1z olrr/z J
L /Cer-z' /IF dz p(er/2) 22 ( 4n? ) 7(=) [ (s+ )
= ds o (l — ”JE :QQ% 5 ]
Wy = \/(; - f dz p(rp/z ) ( In? ) o(—s)

VT D(s)D(s + 1)[(s + 2)
>
AT (s + 3)
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Twist decomposition of integrated DY structure
functions

® At twist-2:

=(2 Q 172 QQ 1
1[..-1_,.£) 31?2/ dz plrp/z), 1}%:%??2 xpd.’: olzp/z2),

ul

' 2 (AMA(1—zp)\\ 2
" 311( Q%)ga,()/z)_

—14+ —E

9 1 X o(zp/2)[1+ (1 = 2)?] — p(zF)

§ d-i l . ;
. 2

o @

+

Py

e QT integration generates twist-3 contribution in W _

e VT [2 = x1(3/2) — x2(3/2)] Qp
1LT ago 6 1{3

o(rrp)
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Twist decomposition of integrated DY structure
functions:
B

® Twist-4 contributions also obtained, e.q.:

2 O AM2(1 — . |
W= 5“_1{ (zp) [3_21,...E—11-1( = EF))_@-'(T/QJI

Qf
Jflfﬁswrp/:»ﬁgmxp)}
z _
oy 1—z

® General structure:

W =00 (%) [A7) 0 (R2G=2) + AP + B0

~_
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Lam-Tung relation in dipole model

® Lam-Tung relation (1980, 1982): vanishing combination of
DY structure functions at . .
Wr —=2Wprr =0

eading twist up to NNLO:
® Holds in the dipole model at twist 2

® At twist 4 — non-zero contribution — enhanced higher twist
contributions

Q[ o AMB(1 — z)?

O ‘ ‘ :
® (T-integrated (n 0 —2wiD) Par = 2moods? (WY — 2177
_ I 4 V201 — o
Cross SeCtIOI‘.l also - ?p { i IFJ T, (M (1(_2 J.FJ)] N
shows breaking of %
] 2 [1 ) o(rp/2)2% — o(ap)
Lam-Tung relation +§f @ 1— -
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Conclusions

I S
® We computed Mellin representation of forward Drell-Yan

Impact factors — suitable for twist and BFKL analysis of
forward Drell-Yan structure functions

® Assuming saturation model explicit form was found of
twist expansion of forward DY structure functions:
differential and integrated

® Lam-Tung relation preserved at twist-2, broken beyond -

Lam-Tung combination of DY structure functions may be -
used to measure higher twist terms — need to measure
forward DY leptons angular distributions at low masses!

® Phenomenological analysis is on the way
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