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DEED INELASTIC SCATTERING AND LIGHT-CONE WAVE
FUNCTIONS

VoML BELYARY
PR, 117259 Mrgcow, Hussia,

Mikkel 1, JOHNSON
LANL, Lox Maman, NM sy, U534

[ the framework of light=cone QO sam vules, we study the valonce quark disteic
button function 2lrg) of A pion for maderate rg. Phe sum mile with the leading
twist-2 wave function glves o(rg) & vatepd Twist-d wave functions give abont
A% for rp o~ 0.8, (e showi that QOD sum rale pradictions, with the ssymptoue
pion wave function, are in good agreement with experhnentad dats, We found that
a two-hamp profile for the twint-3 wave functlin leads to a valesie quatk diviilae
ton fancton that contradicts exporimental dma,

1 Introduction

Two types of objects in hadeon physies ace ased Lo represent, quark and ghion
distributions in o hudeon, One s the quoerk and gluon disteibution funetions
thut appeac in deep-inslastie lspton-ludeon seartening, and the other is the
light-cone wave functious of Wadeons inteaduesd in pQUD by Chernyak wid
Zhitnitsky ' to describe hadron form factors at large Q4 In this paper, wa
investigate a relationship between these objects To make a prediction for the
valencesquark distribution in teems of light-cone wave functions, we combine
the idean of calenlating the deepeinslastio seattering amnplitndes i the QCD
sttt rule approach ™ o siggestad by Toffe with the soscalled Hghteone GED
st rules®,

In this wotk we propose s mcethod 1w ealeulate the pron steneture fune.
ton ditectly 0 tornn of lightseone wave functions The stagting point of this
tethod waa formudated o Relf?, whees it was pomted that 10 2y o Q*/(0m)
in tiol close to the boundary valuen 2 @ G aad ¢ w1 then the maginary part
of the deepeinelantic seattering amplitude iv detecined by small distasoey i
the techannel, A general prool of this statsmeat follows from the Tact that at
latge [p?] and {¢*], the ueatest singularity fn the £ channel 1 8t £« el
e the kinematien that {a used in this paper Thus, i the caan of interuiediate
£ we can uge tha OPE Lo construct QUL sum rules,
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2 Covrelator

‘T caleulate the quark distributiun function for @ pron, we consider the follow.
g coreelator;

Lo g k) s i / Wad oot gl ), S o Tk . ()
whore & is & pion momentum, and where

J:: w5 0%, ed, j’.f i d‘),.d. ()

#

Eowt, P2 (pigak® tap=-Fat s=piglf, @V = b

.
X

Lo relations (B) it s ey Lo determine that
Qhoptg)=s+ Q7 (Ipk) =y’ (4

We enleulate the discontinuny 1 s at ixed p? and Q¥ of the coreelator (1),
l’lill“,;\ - "~‘1 11“‘1\(]1'1.\]"‘6 g} - !‘,,u(p'.q"‘m " Ie.')] ) ()

whete p? wad g7 see apacecdike vectors, p? o 0, ¢ < 0, such that [p3] 9% e
Agep. In the sealing limit, we assutne that [p?] o 9?] and kesp ouly the
fieat, nonvanishing terim in an axpansion in powses of p?/y* Pertichative
lognrithmic corrmetioms are taken into aceonnt by the Alverellis Pacisi squation,

Wae cadenlate TinTi 0 in the physieal region of the s chisied, sud the proy
conteibubion i this stnplitude has the fullowing form:

Yy ‘-Umé%lm {/(!‘;r‘" < Al R k) } {4)
The general forin for L ([ d¥eet ¢ w(p {0 I (&) 2] a

Aa Q90 a0
(8 Q@ gpn gt g D gt

+8i (0. Q" )(v-”“q“‘> (p Wmv“')
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o gt 11 ! " i
$ da(s, Q) (p = '—:—:ﬂ"-q ’) (3' - !’J--—q \)
J A

AL
u‘” ) ( P
4 12q(5, Q* (— ) B 7
(s, %) (¢ o ¢ , b ),\ (7}

where q‘“ = g And q“’ = ot g -k are the tomenta of the virtusl photons:
(@ = (") = 4%, Lu s clear that

1 ¢Hep) = "")"' (8 (s, Q) E Uy, Q%) - B, QN RN IR o o VRS LAY

whore

¢

i {j dUaett < x(pIT () 2 () }

e apililon) ('“’)( & ) (: L ) U )

Heee ¢(op) is dequark disteibution funetion of « pion.
To find the quark disttibmtion function i this paper, wwe conmder the
tersor structuee pupapa it coteelator (1) We deline the imaginaey part of the

correlation fuaetion for these tensor structiuces aa 5‘14‘{(;:" rp) We can write
the following dispeesion tolation fue ths tunction

G ra) (‘*—-’” ff”-- R ) (10

whore the accond toem in the right hand side w the higherstates contribution.
To supress the oxited states coutnbution, as waually done in QU st culen,
we will considar nsvead of {{p?. 2) ite Boel wanalosm in pt

TR ﬁ,,‘f.’.‘."')".:f.( d '
UM 2y) l ml) ' 2}

a oty (l'm J‘NH-/;'(H 20N M da) (n

3 QUL miun eale

To find ¢f(en ), we apply the OPE near the light cone 27 = 0 10 wonttont to
conventional QUL sum rules based on the OPL ol o L preducy ot currents at
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stnall distiaces, we apply atn expansion near tie liglit-cone oxpeossed in tegmy
of nonlocal uperators, Lo, matiix elewits that deline hadeon lightecone wave
functians of incrensing twist. The amplitade of two-quark noidocud operatar
has the following torm:

H
LU s (O)|agk) = **‘,-..f'/ due= M pou) ket v Oty
I
e

i
+fx (.{:4, :'l';:b") /; dua™ () 5 Oy, (12)

where 2, (0), and ¢ {u) amd ga{al. ure the leading twist-2 and the twast | piuag
Light-cone wave functions, reapratively,
The leading twist-2 operator gives the following contribution 1o 4(pé, ¢}

() .
I '—,)J"‘* iy

Using eq.{10) for ({p*, o p), the leading twist- 2 wave function contribution s
() = gelan) (14)

1 s clear that this celation coresponds (o a pure parton picbare in whieh the
plon conmists of twa valence quarke unly:

' ‘l
/ q"(r")dru @l / a:;.q“(a‘u)drn @ /¢ (1
AT Juy
[esa enlations follow from the narualisation af the twist=2 pion wive funetog
([0' Paluddu = 1), and front ite syminetey: 2y () = 2 (L = u).

In this papor we use the asymptotic pron wave function;

{ddym ;(

Wld) 2y u) = Gull = ul, (16)

Note that thete ate alternative todels for we. e Chetny ak-Zhitnitsky wave
tunctions o4 4 and the tanction that was inteoduced in Rel™  Bocause of theie
two-hunpod shape, these altecnative models for the pion wave funetion lead
to poor agtestnent betwesn the QUD sum rule peediction and experiment

1o muke a toasonable prediction, we have to estimate the twial 4 wave
function contribution, (n this paper, we take tito account the contabution ol
the two-particle wave funetions ot twist-d  $lug conteibution to Hp? o) s

/e 1 (-"!_‘.ﬁf*.,’..." Gatep) dintan ’.)

o fep) = n ] kyteden) dey

()



whers Ga{u) = = [ dega(e).
Using oqu, (10,13,16), after making & Borel transformation, we have

1 fyien)+ CGoleg) 1 {a
weldg) = (‘.’.LL..."-.)_...._._g-.. ol g ) f..‘u.‘.i._a).)
RYES £r d P

R EWALY

s llay) * Clep (1%)

Here, we take into account the contreibution of the A aneson to evaluate the
higher states vontribution,

To astimate Wwiat-4 contribution, we use the follewing et of twiste 4 pion
wave functions {(see Rot® and Reli):

snlu) = (3"';‘:' + éa‘é’(&u(‘& + 13w
+23(10 = the + 6uY lnfu) + ﬂ.’a“(fn --]r;a +Ga?) la(d),
walu) & ,1:?0'44}»4(«: - i), (14
whore 1 3 1 =« . One of the paratucters ia defined by the mavny eloment,
< O)g uGoptpula(p) v id fep, (3

The QU sum tule catinate of ot yolds &' w 089GV at i a LGel . At
o eV 00 (see Rot®),

To fix the function ((ey) we tuke the QUD swun enfe (17) in the it
M¥ = o to be valid up Lo terms 1/AY This condition fands to the relation;

C{en) = L}&iﬂ

Finnlly we obtuin Ui following QCTY suns cule

len) = wden) - fillen) (\}7 t ;w{r—f""‘fﬂ"‘“'} (i
i i 44 E
For MY ~ 1GeV? and 0.2 < 2y < 0.8, the contribution of Ay esor,
which imitatey the higher state conteibution, and the contt.bution of twint 4
wave tutictions, ia less than J0%. 'The reaults are depieted in Fig |
Note that in our ealeulationn we do not take into ronmderation Ui comn
Lution of leading logarithma, So, in oeder to make & compacison with expers
itneut, wa hava Lo use the quark disteibution function at low Q? whete these
logatithins ate small, Evolution af expetimontsl duta to low Q¥ ling besq o
in Mot aud we uss the eegulin of thin papes ax evpeeinental datn
{t 19 interssting Lo estitate the socotd ietemnt of the quack distatton
futietion  Awagning that the coglon uear the omd posnts ey o 01 (whete oor
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consideration s not valid) gives a small contribunion to the second moment,
the suny rulo (210 gives the tollowing sum rule for the second manout:

od o
;i- vl My 4 (higher resonance econtribution). (42)

The analysis of this suo cale gives AL = 0.97 & 0.05 at low tormulization

point, which i 1 a good agtesment with experimental date: MY 22 0.3 (oo
Ref¥),

4 Conclusions

‘The light-cone QUD sum rules consideared in this paper lead to aatisfactory
agreement with experimental data, ‘Lo improve the prediction of the QUD
sutid pule, 1t 18 nossesary o take into constderation twist 1 guark gluon wave
tunctiona. One should note that the present experituental data tor the quark
disteibution functions waa obtained (rom an analysis of the Drell Yan process,
which s uncertain theough the so-catled K.factor, The cholee oy wr gidtv
gives the best agroement between the QUL sum rule pradiction asid the ex.
pecimental data. Alternative models for the pron wave function having a twe
lintnped protile lead to a poor agresmant with tha experimental data,
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