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Outline of the Talk

d The low x physics — why it is interesting
 Locality of the probes

] Coherent QCD multiple scattering

d Dynamical power corrections

d Discussions and Conclusions
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The low x physics

d x: momentum fraction of a parton of
a boosted hadron (e.g., a nucleon)
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d PQCD < hard probes
— collisions with large invariants of
4-momentum exchange: Q?> several GeV?

1
Xp-n ~ Q> Ay ~ e
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The low x physics (ll)

1 Size of a hard probe is very localized and much
smaller than a typical hadron at rest

1/Q <« 2r, ~fm

 But, it might be larger than a Lorentz contracted

hadron: ]/Q S 2r0(m/p)

d low x: uncertainty in locating the parton
iIs much larger than the size of
the boosted hadron (a nucleon)
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The low x physics (lll)

Jd IF x<x_, a hard probe can interact coherently
with more than one low x partons at a same
impact parameters

1 Each additional coherent scattering C ]/Q2
is suppressed by a factor: PLor

- Coefficient: C_ ~,(Q)
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The low x physics (IV)

Q For a nucleus, if x< x /A”?=0.1/A” | the probe
cannot tell which nucleon the parton is from

J Each additional coherent scattering C, 1/Q°
is suppressed by a factor:

- Coefficient: C, ~ o (QA
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The low x physics (V)

d Low x partons can also interact coherently
among themselves if there are more than one
at a given impact parameter

ql-l

 Interaction among low x partons produces a
collective feature of whole nucleus

** How many partons are there in a hadron?

+» How different coherent interactions contribute
to a physical cross section?
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Number of partons in a hadron

] depends on definition of parton distributions
1 Collinear factorization & Q ~xp-n > k;, Jk2

Provides systematic | Leading Twist
‘;vlizlyesr tso?rueac‘:?itcl)fr):shlgh Tps 70> B+ o +05 +.. ] OT,(¥)

A
Factorization fails at 1/Q4
in hadronic collisions

+%®[1+0{S+0{S L]®T()

perturbative

O’\-i e i
d K,—factorization t o Bl o+ ]OT (%)
& Q ~xp-n = k> k? + ...

Gl =05 (%, ) OT"(x k)

No all-order proof for k; - factorization
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Parton Distribution Functions (PDFs)

d PDF, ¢(x,u4?), is a number density to find
a parton of flavor ¢ = quark, antiquark, gluon
with a momentum fraction x
at a factorization scale y2.

O(X, 4L°) o f d*k 5(X—)[ K

- UVCT(pZ)}

1 PDFs depend choices of factorization scheme:
MS, MS, DIS, etc.

CTEQ6M, CTEQ6D, CTEQS6L, ...
MRST, GRY, ...
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Parton Distribution Functions (ll)

1 PDFs depend on how they were extracted!

Drop < Leading twist PDF’s

*» the order of perturbative part used to compare
with data: LO PDFs, NLO PDFs, ...

< momentum scale of the probe: Q2
<+ PDF’s Q2 dependence — evolution equations

d Beyond LO, PDFs do not have to be positive!
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Negative gluon distribution

ZEUS

 NLO global fitting 6 - ot cove
based on leading .  — zEusmioqcpa
twist DGLAP
evolution leads to
negative gluon

distribution 20 | A \ o
(s free) B coer, oxeor
Q MRST PDF’s = ’
have the same
features

2000 GeV">

Does it mean that we
have no gluon for
x <103 at 1 GeV?

xg

No!
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Coherent power corrections to DGLAP

] Negative gluon distribution is not consistent with cross
sections where gluon enters at LO order

F, at low x and low Q?, Low mass Drell-Yan at moderate Q;,
Low P direct photon, etc.

 Parton recombination slows down Q?-dependence of
DGLAP evolution

qH

qH

+
2 L 2
ag (X, o, o —
I AT (% 0y @ g%, 1?) — 2 7(0) ® g2 (x, 12)
mu T U
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Recombination prevents negative gluon

4 In order to fit new
HERA data, like
MRST PDF’s, CTEQ6
gluon has to be much
smaller than CTEQ5,
even negative at
Q=1GeV

 The power correction
slows down the Q2-
dependence, prevents
PDF’s to be negative

d Low mass DY to give
direct information on
gluon
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Low-mass Drell-Yan in forward region

d Gluon-initiated subprocesses also dominate the
production rate in the forward region

o 1 o 1
oc oc
0.95 - =3GeV 0.95 - =3GeV
0.9 - Q=9 GeV 0.9 - Q,=9 GeV
o /.: 0.85 /F——————m=
0.8 /\ 0.8
0.75 0.75
0.7 0.7
0.65 VWS=630 GCeV Q=4 CeV*® 0.65 VS=1960 CeV Q=4 CeV?
0.6 0.6
0O 05 1 1.5 2 25 3 3.5 4 4.5 0 05 1 15 2 25 3 3.5 4 45
b Y

O Gluon initiated sub-processes contribute even more in the forward region

U Forward region in rapidity y to probe the small-x gluon distribution

Fai, Qiu and Zhang
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Drell-Yan dileptons in forward region

U Range of x probed:

doPY—LO 1 o doPY—LO
a dx = = 2 dx->
» 1

T eut
R;B — / dﬂ?z

Fai, Qiu and Zhang

(=g 1 o=
0.9 ¥ O3 cev 0.9 P-C STIge
0.8 | =0 =7 oey 0.8 =9 37 cey
0.7 o ‘ 0.7
0.6 0.6
0.5 0.5
0.4 0.4
0.3 el 0.3 O Gev
0.2 0.2 A
0.1 0.1
0 ' 0 —
10 10 > 10 72 10 10 ? 10 1077
At VS=1.96 TeV and y=3, 90% of cross-section are given by gluon
distribution with x, < 0.001!
At VS=630 GeV and y=3, 90% of cross-section are given by gluon
distribution with x, < 0.01!
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Nucleon is almost transparent

O Number of gluons between x and x+AXx:
n, = jxxwdx g(x, 1°) = xg(x,u°) = 3 for u*> =1GeV?
n, (V') 3
e 25

Higher p2 will not help much, n, grows logarithmic in p?
unless x is very small

~0.12 for u° =1 GeV?

Large nuclei may increase n, by as much as a factor of 6

 Saturation: —— Evolution of gluon distribution stops
a9 (X, 1° o o —
90G D) o sy (x)@ gxp®) - 25 7(0 ® g2(x, u?) = 0 at 1” = Q7 (x)
‘nu T i

mmmd>  Sotyration scale: Qe (X)
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Saturation and Color Glass Condensate

d If the coherent power corrections are so important to

stop the evolution of parton distributions,
i ™ a*

the coherent power corrections to the perturbative
cross sections will be as large as the leading twist

[ Color glass condensate: —— Perturbative power expansion fails

Cannot extract the gluon distribution (defined here)
<~ the probe will see more than one gluon at once
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Coherent dynamical power corrections

When the probe size is larger than a Lorentz contracted large
nucleus, the probe could interact coherently with any number

of partons of the nucleus

 If the probe interacts with only one parton,

qll

Nuclear dependence can only from the modified evolution equation
and the input distributions needed to solve for the equation

=== Shadowing in nPDFs <~ Leading twist shadowing
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Coherent dynamical power corrections (ll)

d If the probe interacts with many partons,

Each additional coherent scattering
is suppressed by a factor:

5—2(A1’3—1) with &2 o 0(5<|52>

phys

on =6, ®[lt o, +a? +..]®T,"(X)

2 ol _

Q + 2@ a, +o2+. 10T (X)
J Resummation to connect |

partonic “hard” to high N ii®[1+as+a§+___]®Té/h(x)

density “soft” physics

All power resummation
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Dynamical power corrections in DIS

 Dynamical power corrections generated by the
multiple final state scattering of the struck quark

4 Coherence: The probe, virtual

p“ :( PP, P ) - ( p+,0,oT) photon, interacts
with all nucleons at
q- = (q+,q‘,qT ) = (—XB p*,QZ/ZXB p+,OT) a given impact
1 m parameter coherently
If " =q andx<x, Ay’ ~—>2r, —
g =g Xor AT =20 > 20 |

High twist shadowing
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Resummed A'3-Enhanced Power Corrections

J Results:

A §Z(Aﬂ3—]) n an(LT)(X,QZ) Xé:Z(AUS_:D
= = X' —T ~AFEMD| x+ |
T(X’Qz) §n||: Qz an T Qz Q2

A(42\ 2AR- ] IR Q)
F =AR" + X' —T
RS 0 C L P
~ AELD 452 A
~AK (X,QZ)"‘gFT (xQ)
d One parameter — scale of power _ ad TV Q'=5Gev’
correction &
3o (Q° G "
) (S I
8rOJ_
\ElimxﬁoxG(x,Qz) o1 4 U-quark, CTEQ5 LO
Qiu and Vitev, hep-ph/0309094 L
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Scale for cold matter
power corrections

E2 ~ 0.09-0.12 GeV?

1.1 T

F,(Sn) /F,(C)

T UL |

« Armesro et al.

x=0.0125

« Armesto et al.

x=0.0175
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Power Corrections in Neutrino-Nucleus DIS

d Coherent power corrections are process dependent:

Fl,S(VW+)(XB’Q2) = {Z}A{Z [Vou P @ (Xg + Xe2 t+ Xm@Wu‘s [ ¢J(XJ

Fa™ ) (%,Q%) = {2}A(Z IVuo @y (Xe + Xz + Xy ) £ D [V [ 95 (Xg + X + xMU)]
uU,D D,U

1 IIIII|TI 1 IIIIIIII LILLLLLLL I I 1 LILBLELL
LI = :
O Power of factorization: R il N L
. 2 |-|-N0.9-:1 —— o T TITDITIEIE e
Same nonperturbative ¢ < osk
07
B Predict high twist shadowing  ¢¢f
In neutrino-nucleus structure LU oot T oo .
Functions: 8y I — T -
L —imimimis — oo ==
—a X 09Fozzzzzozoooo;
¢sea(X)°CX sea, a%a:lo < 08F
o O8F T ]
O _ < 07 o T :_ B
P (X) o< X7, Oy =05 Y S ST
0.0001 0.001 0.0L 1 3 10
Qiu and Vitev, Phys.Lett.B 587 (2004) X

Q° [GeV]
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Power Corrections in p+A Collisions

1 Hadronic factorization fails for power corrections of
the order of 1/Q* and beyond

1 Medium size enhanced dynamical power corrections
in p+A could be factorized P

= | to make predictions
for p+A collisions

L
By i

\\‘J
(b)

4 Single hadron inclusive production:

Once we fix the incoming parton momentum from the beam
and outgoing fragmentation parton, we uniquely fix the

momentum exchange, gV, and the probe size
< coherence along the direction of g+ - p#
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A-enhanced power corrections in pA

d A-enhanced power corrections, A'3/Q?, are factorizable:

No A'3-enhancement

Factorization argument similar to DIS

 But, power corrections are process-dependent, and
they are different from DIS
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Single hadron inclusive production

1 Resum the coherent final state multiple scattering of

the parton of momentum € wit

nucleus
/5 hy E
------- [{s]
G p 0 0.8
fi q il ||Eg
e f . 50.6
-t ’ c
ot \ 2 04
A - 2
o 0.2
(b)

*» Other interactions are less
coherent (elastic) and :
suppressed at forward
rapidity by a large scale

Min.bias

1/u, or 1/s o4
more details see l. Vitev’s 02
talk in this users’ meeting 0
0
Qiu and Vitev, hep-ph/0405068
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Conclusions

O Although hard partonic collisions are localized in space-time,
comparing to the rest size of a nucleon, the interaction area
could be larger than a size of a Lorentz contracted nucleon

 Low x partons can not only interact among themselves,
but also interact coherently with the probe

d Coherent interactions lead to power corrections to
DGLAP evolution equation and to physical cross
sections:

% Power corrections to DGLAP < process independent corrections
*» Power corrections to physical cross sections <& process dependent
corrections

d Interaction among low x partons produces a
collective feature of whole nucleus
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Conclusions (ll)

1 Leading medium size enhanced power corrections
are Infrared safe and can be systematically resummed
into a translation operator acting on parton’s
momentum fraction, which leads to a shift in parton’s
momentum fraction without changing the leading
twist factorized formula

s The shift leads to a suppression in cross section
— dynamical high twist shadowing

d Maximum characteristic scale of the dynamical power
corrections: &2 (A13-1) C~ 0.1 (A13-1) C GeV?
with color factor C=1 (quark, antiquark), 9/4 (gluon)

O If there is saturation, it seems that corresponding
hard probe is likely to interact coherently with more
than one parton
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