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A, .
Los Alamos Outline of the Talk

L

» Structure functions and parton distributions:
o Relations to lowest order and leading twist

» Electromagnetic current and DIS:
e Resumming coherent QCD power corrections

e Modifications to F, and F_

» Weak current and DIS:
e Valence and sea quark "shadowing" in v + A

e F; and QCD sum rules

» p+A reactions at RHIC:

e Dynamical gluon "shadowing" - particle yields and
correlations

» Summary:
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Lok Alamos Inclusive Deeply lnelas.tlc
R Lepton-Hadron Scattering
" Variables: gq=k-k', v=E-E/
k _ y=(E-E)/E, Q°=-q% x=0Q7/(2p-q)
>
xP. 2
P :)Zj|;=47raem le[yz 2XF, (X, )+(1—y_m2l\lé(yj|:2(x, )}
X *e F(x,Q7), F,(x,Q°) - the DIS structure functions
Convenient to calculate in a QCD kicks in with the parton model / factorization

basis of polarization states of g*

F (x,Q?) =§; Q?Idﬂoe‘“<p“?(0) 7 (4,)

)

2p
F (x.Q%) =R (x.Q") - 52 Q1 4, (4,Q") + 0(a.)
F(x,Q%) 2 | L
F (x,0%)=—222< 7 _F(x,03%), 2 owest Order and
(xQ7) 2% (6 Q%) 70697 s 0le,) Leading Twist relation
. 4x’m’
If Qz <1 Used to determine the parton

distribution functions (PDFs)
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Lepton+Nucleus from Theory
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Longitudinal size:

~1/2my X
If X<0.1 then AZ > I

Transverse size: ~1/Q

If Q <m, then exceed
the parton size

FSI are always present:
S.Brodsky et al., Phys.Rev.D (2002)

Deviation from A-scaling: o, # Axo
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sLosAlamos | The Ildea Behind the Calculation

e Lightconegauge: A.n=A"'=0 Cut = (2r7) 27 If; Oo(% —Xg)

*Breitframe: n=[10,0,], n=[0,10,] AKX+ Q) = £ y* 1 . Xp*y~

q= Q’ - B Q° " ' S 2pt x—xztie  Q°
+ ! ! 2Xp+

Long distance Short distance
Perturbative

(a)

Non-perturbative

Matrix element

PlO™=22|p)\= A(P/A|O."2|P/A
(P| ]

Contribution ~ £2 2 | L 2 oTo
of single scatter: é’: /Q < E<P/A‘09T Z‘P/A>
B 3ra (Q?) A a y
52_(T]<p‘#”i)‘p> )= [ LB B g 7)< tim, 26000
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sAlamos | Numerical A- and xg-Dependence

effect

FTA(X’ Qz) ~ A FT(LT ‘ Zj

The scale of higher twist per nucleon
issmall £*=0.1 GeV*

» Favorable comparison for the
x- and A-dependence NA37 (NMC)
and E665 data

- For Q% — 0 we impose Q° =
(discussion of (. ) and parton size)

J.W.Qiu, I.V., Phys.Rev.Lett. 93 (2004)
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,ﬁ.?sAIamus Q2-dependence and F (x,Q2)

- from Power Corrections

1.1 T T LB | T T T U] |

@ — rinesro et al. — rinesto et al.
L [ e f:o_mzs ] T e 3:0_01?5 ] | TWO more tests-
@ [ ]
= 1 |
NMC data shows evidence for a
¢ lem | CERN-NaYT] power law in 1/Q? behavior in
'r::T 01 o--lo IIEKlS‘J‘IS' . I(lDIV:: 1 az;ﬂ-:ggl' I[]-I-":glgevz = F S
=] B o0 T L T n / F C
Ow __Wi_ 2( ) 2( )
0.1F —+ =
) ] : | 3|1|o . 2
H-; - ' . Q° [GeV? R 2 o FL (X, Q )
gi I 1 R=0c/q; SLAC-E143 (X’Q ) T T F 2
[ = mr""]
s, =R 2
- 4 TR . A 2 (LT) o 457 2
5 L TR F(x,Q)~AF "(xQ )+—2FT xQ%)
_125""-.._______ 7 Q
0,:]4 I 0,|08 0.12
Q° [GeV Xg

» The Leading Twist (LT) R(X,Q?) is

J.W.Qiu, I.V.,Phys.Rev.Lett.93 (2004) not sensitive to modifications of the nPDFs
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the Origin of Shadowing

How to Check

Experimental data A A B bl e B - | I B Sl
. ‘ RE® @=225GeVi} pCa
TABLE I: Nuclear data included in the fit. a, i T

Measurement Collaboration Refs. # data L1 F
FF°/FP NMC 13 18

SLAC-E139 14 18
FPe/Ff SLAC-E139 [14] 17 L e
Fy /FY NMC 13 18

SLAC-E139 14 7 e
Ff/FP SLAC-E139 [14] 17 Q9
F£e/FP NMC 13 18

SLAC-E139 14 7
FFe/FP SLAC-E139 [14] 23 os}] — NDS
rieypP SLAC-E139 [14] 7 .- -
Fg‘ﬁ'u_fF_qP SLAC-E139 [14] 18 s Jr TP EPR PP I I N S ENEN [N R ST R

N nief 1! 3 3 : - -2 - - - -2 - - -2 -
FPe/Fy puee [15] 15 1o S T S o Bl U B T R T RN T+ Rt T RN T R T R U Rl 1o R
FM/FS NMC [15] 15
Ffe/F§ NMC [15] 15 AN
Ffe/Fg NMC 15 15 .
FPYEC NMC {15} 15 D. de Florian, R. Sassot, Phys.Rev.D69 (2004)
F5"/F§ NMC [16] 145
o D —_—— _,
G'DI}'_.IIG'D}' E772 [1 i'] 9 . o .
055 /7By E772 [17] 9 Very small (negligible) gluon shadowing
ob% JoBy E772 [17] 9
By /0By E772 [17] 9
Total 420
e Problematic: for initial state shadowing
« Only NLO analysis is directly sensitive models C,/C. =225

to gluon distributions in the nucleus

« So far only one such analysis with e Natural: for final state resummed

extremely interesting results
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@ﬁ?smanms Modifications to

v + A Scattering

* No theory for the shadowing in 1y + A (exchange \W * Z°)

« 30 deviation from the Standard Model o 03
& — 7.4e20 POT
(Now 1.8 o) go.zs N0 25620 POT
5 === New 04y (nucl)
sin” 6, (SM) = 0.2227 +0.0004 E 02 O O oS change
S S it T T in C nucl, effect
sin® 4, (NuTeV) = 0.2277 £ 0.0013+0.0009 £ ... §019p —_—
G 0.1 R
NuTeV experiment e / -----------------
G.P.Zeller et al., Phys.Rev.Lett 88 (2002) /S/V
o 4 16 1.8 2 3

22 24 26 28
Am? (x107%eV?)

e MINOS up and running - a case for MINERVA Cross sections matter

v,V 2 n +
g 1 {); 2xF1W(x,Q2)+(1—y—mNijF2W (X,Qz)i(y— ;

dxdy * (sinzé(,v)z 2E 7}(':3 (xQ )}

Axial and vector part (weak current) Similarly for the neutral current
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osAlamos | Results: F,(x,Q2) and xF;(x,Q3)

_||||||IT| |||||||I'| |||||||I'I_ T T T T 1 |||_ .
LIE 2y gev? L x-0.01 i First theory of valance

- = Co====== quark shadowing xF;(x)

¢sea(x) x 1/ X ¢val.(x) oC l/\/;

A

IIII\I\II

—- Fe/D E
Pb/D _-
T ———+ AX
[ x-o001 | E S Oc¢sea(X+AX)/¢sea(X) 1_7
- E 1 AX
- ~ Sial € P (X+AX) /B, (X) ®1———
- Resummed Power Corrections --_ —1 §2=0_09—U.12 GeV’ _- 2 X
0'6_| ||||||,|,| 1 |||||||,| 1 llllmj_ 1 | 1 L1 1 ||_ 5
0.000L 0.001  0.01 1 3 10 M 2 1
X Q2 [GeVz] Xy = Xg —- ng = X 9 (A1/23 )
J.W.Qiu, L.V., Phys.Lett.B 587 (2004) Q Q
W
Fa (%,Q) = Z]VDUI (% X X ) ED Vi F 0+ +%,) )
U,D
* Physics: generation of a dynamical 5 ( A1/3 _1) M g, +M?
parton mass in the nuclear field [ 2) 1+ Q0
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Los Alamos Comparison to NuTeV / CCFR

NuTeV / CCFR - DPF 2004 Riverside, CA L1p .
1.05F+ —
Nulgy -1 i T
GOFA twes 02T ] g r .
CTEGEM = = ; ' 1 [ _
GTEQSHQ“ [TLTITLT . —& ‘ .. 1 gogs L _
MRSTZ001Esigma 0wl ] S o9l _
MAST2001Esigme —— -0 K . 1 i ]
MASTROOIE -~  pf.* , ., ] 0.85F .
008 ST s 1 S =00 ] 0.8 ]
0.04 po b L ¢ : 1
0 ._.::"_l_"?'-'f"?m- _:_tl' o 9. ’“} ,,*%“ ]
004 i‘?_"___ —I.;-"‘ﬁ“-. . 1.1 T
WG N ¥ e - | 1.05 ]
1 0 Q:‘ 10 o0 .E ] :
8 0.95 -
L WA Solid line & = 0.09 GeV> ]
0.85~ Dashed line &% = 0.12 GeV® ]
1 L L 1 1 1 1 1 I
0.81 10
e Focus on the small Q2 and x < 0.1 Q [GeV]
region J.W.Qiu, I.V., Phys.Lett.B 587 (2004)
* Look relative to MRST 2001. They
do not including the nuclear effect Suppression is 12% and 6% in the two
in PDFs lowest x bins at Q2= 1.3 GeV?
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Los Alamos QCD Sum Rules

J.W.Qiu, I.V., Phys.Lett.B 587 (2004) 1 1
_ = vN 2 vN 2
05 ————r sGLs—gdx (¥R (0 Q)+ xR (x,QY))

L SGLS =3[1- AGLS] o, Charm mass M .
EE=E o, Mc,power corrections _ . .
0.4 ¢ CHARMdata o 3(1 AGLS)
B H  Serpukhov data 7
003w ® CCFRaaa - D.Gross and C.Llewellyn Smith , Nucl.Phys. B 14 (1969)
q@ B -
0.2t _

L4,
S S & -
%

4 m*a *To Lowest Order (LO) S_ . =3, A =0

0 1 1 1 1 1 L1 1 . _ _ . .
1 ; At Next-to-Leading Order Ags = [T
Q2

 Leading twist shadowing does not change the sum rules (only redistributes
momentum)

* Neutrino data is clearly indicative of the high twist nature of nuclear shadowing
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Summary of the Dynamical
Power Corrections

10 T T T T T T T TTTT1T

Experimental x

1 IIIIIIII 1 | L L
—— u -valance |

— U -8ea

E
10 _\\ Ac gluons

ﬁ/s;‘/
/
/

Effective gluon x

Effective quark x

2
10 Q-=2Gev
E CTEQS6 LO parton distributions

3 2 -1
10 10 10 10 10
X

T.Goldman et al., in preparation

(a)
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* Shadowing in the perturbative
regime is calculable based on
the uncertainty principle and
energy conservation

 Soft final state interactions
generate dynamical parton
mass mzdyn — §2A1/3

* If dictated by the uncertainty
principle x; <0.1 the energy
of the struck parton should be

larger )
mdyn
Xg = Xg| 1+ —-

Q

* Clearly a high twist and process
dependent effect (final state)

Sg>S > S

u—sea u—val

Ivan Vitev, LANL



F(x,) — F [xb +x,C, _itz (A3 —1))

F(z,) =

p+A Yields and Correlations

¢($b

T

b

) ‘M 2ab—>cd

L] o

Foel-

0

il

BRAHMS, PRL 93, 242303 (2004)

—?

{ { Final BRAHMS result

Chiu-Vitev vy = 4
—_— iu-Vitey ¥ = 3
® BEAHMS finaldata v =32

i |
o
0 l

Py [GeV]

3

J.W.Qiu, I.V., hep-ph/0405068

Comparison to the data:

I.LArsene et al., Phys.Rev.Lett. 93 (2004)
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1.5 T T T 1

— Ptp
—— d+Auminbias 4
—— d+Au central

—0
] ] 1

1 Py =15GeV.p,=1GeV

y, =4
+ Y20 0.5

Ad [rad]

Suppression increases with rapidity
and centrality

Suppression disappears at high p;

Data supports this type of power
behavior
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* Los /\Namos Conclusions

» "Shadowing" results from the coherent final state parton

scattering with several nucleons (dynamical parton mass,
refraction index of nuclear matter for q, g)

» The effect is purely quantum. It enters as a shift of the

quantum phase and suppresses the SF exhibits power
behavior, i.e. strong Q2 dependence

» Predicts new high twist contribution to FL. Predicts the

difference in sea and valence quark shadowing in neutrino-A
reactions and the modification of the QCD sum rules

» For p+A reactions results can be generalized to dynamical

gluon shadowing. Suppression of the hadron yields and
correlations
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Alamos | New Contribution to F (x,Q%)

On-shell paricle (M)

L,
-— ——

Cut = (zfz)%(xm p*1)+(Q* /2%, )y £ M)

XO(X —Xz —X,,)  (Cuts fix kinematics)

- Even if one neglects ¢ (x,Q%), ¢.(x,Q°) mass
effects show up due to the charge exchange

J.W.Qiu, I.V., Phys.Lett.B 587 (2004)

* Along the way we will develop techniques that
may be useful in the discussion of charm |V| - the CKM matrix elements

production at RHIC U =(u,c,t), D=(d,s,b)

W 2 2 L2J ZMé
R0, @)= Ve M—2¢D<XB+XMU>+Z|VUD| o h0afx,)

R (%6,Q)= ZIVUDI D¢L(XB+><M )+ZIV——|2%¢5(XB+XMU)
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A,

Alamos Mass and Nuclear Enhanced
Power Corrections

Special propagator structure:
A(Xp+Qq) = +IQ Py

' p (7-p+M)y (y-p+M)=0
IX Xy, p v +(Q /2% p )y/ + M (7-p)r.(r-p)=0
Q? X— (X5 + X, ) ie

* Equations of motion - nuclear enhanced
power corrections and mass corrections
commute

* Demonstrated that the corrections can be
resummed

* Physics interpretation — generation of a dynamical parton mass in the nuclear
chromomagnetic field

20 Al3 2 m2 +M
Xg — XB[].—i—é:(A Hh,M jsz(H v J

Q° Q° Q°
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