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The quantum chromodynamics (QCD) factorizatin theorem is considered for high-energy scat-
tering in the limit of large z, with the main focus being deep inelastic scattering (DIS). Using the
extensible parton distribution function (PDF) for large z, we derive the QCD factorization theorem
for DIS. The PDF in the limited x — 1 consists of collinear and soft interactions, which are not
factrorizable further because subleading spectator soft-collinear interactions are indispensable. This
fact also indicates that the PDF at large = should be suppressed by some powers of (1 — x). With
the extensible PDF, we considered the factorization theorem for the Drell-Yan process in the limit
of large x, which might break down because of the nonfactorizable soft interactions.
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Fig. 1. Deep inelastic scattering process.
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pleteness relation) 7y |X)(X,| = 1& A-&3HAL,
Jdyd(y—--- )& QAR} Abol ol At PTebiot &
collinear &3} soft ol Ztz A L= = S5 HS 117 9]
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tion2 A& jet functiond} T3} 22 #AAE 7HA )

Che ol A AbAI 8] Ao E A, Eq. (20)°A4 3=t
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1. &3 7tset o= B2x g+E 0|88

QCD factorization theorem

Eo] #ztol] tfgt oA HE
HA 4E AL T FGES
UetllE 3E % g4E full QCDOA tf33 Zo]
golert [21).

N Arole] & Q 4 (matrix element)= & 232 gk
M2y (B ) Ad W F39 xdor vy
+ glo.
dz— _iup,=_ /2 L /2 o= =
fusta) = [ G NP ) gPeslio [ dn - A0, 0N (P) (22)
= (N(P)g 2 5(eP, 7 iD)an N (P) (23
[
AN g, & n-FFOR collinearst A2FolH A ERE FLE olgk AT B0 FoE 5 9o,
2e g i wel g H ol Aolx B s
Fae s wer EE el A s EYAE (EE Ao BT 0% 250 A SCET 1)
TAdol Ad=E AT FHA &2 el o] (Fourier) M &
o|F &5 FoA A Aolth FF L0 g 1} ] (matching)dho] o] & EH 3,
J
fun(a.) = (N(P)& 5P, - iD, — Wi - iD.W]) &IN(P))

= (N(P)[&.W,

= <N(P)|§_anYﬁ

= (N(PEOWOYIY,

2 2 2 9tk AWA ZoA full QCD2] 23 & o
A}2} (covariant derivative) 7 - 1D+ SCETof| A

fi-iD =7 -iD, + Wy -iD,W,} (25)

2 3238 4 ot 7|4 7D, n—collinear =
Ax=pol | 7 - iD= soft ol tisk ZAojth S 42
SCET 21|t ¢ A4kAtE /NS uf, A\ & Z+
Zko] Zppof A Aol A EW R TS 7] 9181 collinear
TS AAESA HoFdozgn d= mF Aot} [22]. 1

Wl s(aPy —P. —-iD.) WiEN(P)
B 5Py~ Py —i0,) FIWiEN(P)

0Py = Py —idy) VIV, WO |N(P)) (24)

B A A2} P2l 0L collinear &3} soft ol Z+zh A&
© AR [P,¢] = [i0, ¢n] = 05 TSI} (dns

2] 9] collinear(soft) o|t}.) Eq. (24)2] FWA| &3 A
WA Zoll A delo g fol W sto] 54 f(niDy) =
Wof(PHWE, f(R-iDs) = Yo f(i0:)Y; ,-I% AFg-sh et
Eq. (24)9] upA1 g A3F= o] 28 x}4=0f| A n-collinear
Fo 2 HE soft A% 225 B3 H Aot} [9].
A3}, collinear 52 2F koA T o] 4 soft *JE
Zh-g= shA] Al "ok

rIr

2 o i
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Eq (24)-0/] U}‘Z] a} *Lﬁ/:} ‘(_)_ full QCDE H E1 X]' A (S(QZ‘P+ - P+ - z@.,.) = 5($P+ - 7)+) (’)(z@.,.)i X‘] 7HE]

WA S SCETA S b2 22 @2l B0, & g sum g2 o Aol £AY 4 Ak o
OJE2REH 1z — 1A FANA AT Ao Qﬂ“ + At

% Bl o oy
S M Eq (24)914 29 BE WIS TS AL (2, p~ PO AT IE X FEe 43 A 9 g5t
O1) &1—z~01)% F%), 2E} &2 argument+ e 3 A o7 343t

J

fon(@,p) ~ (N(P)\\I/nyg?ﬁga(x&—m) YV, 0, |N(P))

= (NP D 5P, —P)WIN(P)) (26)

(

A7 U, = Wig,olm, T Aex &) fu

B 2] (unitary) ZAA YYT =YY = 18 A A 2E soft 'y

o] 7)o 2 A At Tt Fi(z,Q%) = H(QQ,M)/ 7fq/N(y 1) J (1—aQ 0]
B - 1 A SolMA HW, B4 ””1 i

n—collinear IFE Q1 ¥, & M 21o] Ao BE o= 7} = H(Q?u)/ﬂﬂ ?fq/N(EJL) a(l—y;Q, 1)

ABR PV, = PV, o] 5, o] 4% et T (27)

argument+= (1 — z)Pp + 0.2 & 4 QA "} w2

A, 287} 2 g AANAY TR Fq4E HT F$ A=, AT HEE TEA 72 e 2 o A
(1-2)Py ~id, 2 A7) 7b50] Ho] o1& Bx 34 A hard 4% AgE B W F, w2 oA elA
ol A soft 4L AT 5 QA =2 Eq. (24)9] uvpx] g} n—collinear A% 2§ E A= jet function?t =4
ZHAL 59 9tE B F52 s o s Ao o] ghE BE T 2] 2 + Ak o
o} IHE B2 ¥4+ @S (n—)collinear 4% -8

=
Uz} soft AT ZLE THS 5 20 {2

(
-

webA, Eq. (24)9] A4S Eq. (20)°] thgds &2
W, $eE 2o BN T2 B4 Aol B QCD
factorization theorem< th2 3} Zro] +& 4 At} Eq. (2 )Oﬂ Al jet fucntion®] a9 ¥F 2= Xof A

o] ALEE ok 2ol & A AUtk [23,24].

2 M N o
= E Xy
o

2
J(l—z;Q,u)zé(l—z)—i-;_sGC{ (1—2)[;——1—31 @-1—1 2521

L [21 —2+3 +2<ln§1__zz)> } (28)
+

I R
AZNA (f(2) 2 S8l &% 55 Uehin, 2 3 webA, Eq. (28)2 S8 jet function®] °]4 A4
= e Z} (anomalous dimension)-2

2

(1—2)+
30)

(29) = FoIXth SlellA F3 o]} AES vhE 22 A

) = 20 (2 4 S

21n @+§)5(1—z)—
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Hard function H(Q?, )2 ©]4 292
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oe o] ol AUL T L7 vhek 2ol
Dokshitzer-Gribov-Lipatov-Altarelli-Parisi (DGLAP) 7|
Y (kernel) [25-27]2 L&A Ut 2 z SAAAE o
S UEoheA AoE7] fste] ohE AdelA IkE &

42 1 B2 b AFAs ~ALY 3§

s
Hl
i

bl

_ 1 d 2 _  aCF 0 % (renormalization scaling behavior)2 2 Z 2] A4k}
’YH(M) - H(QQHU) dhl,uH(Q ,,U,) - T (2111@4-3) . ~ } .
(32) of & Aeolng shE Ao o] A2 AA A
2 Folan A Aol HE RE Gash 2ok
Furale.n) = (g YITa 251~ 2y +i0,) TiYawala(p) (33)
N Lot i1 — a1 Oy g
= L aDI0) 5 O la(p) - - O T2 580~ 2) 4 25) ¥, [0 (34)
= C(p+.p) - S —x3p4, 1)
T oAA z2dAe nxol ¥ ), 3E AN 23] 10)(0]E A8kt

collinear?} soft #o] Aof] thdl 0= Xj4ojA © o|AF
AT ZL3HA] erhe S 18 3Ee] o] & Abolof A

J

Clpy,p) = 14 20 (L_L)<

™ €uv €IR

a;C 1
SO —wipy,p) = 801 —2)+ 2 (—
m €Euv

2 Folith Heba, SHE Ao HE BE T4

o HF 2EX}571A]9] collinear functiond} soft

=
function®] AAFZEE

m+1+1n:‘_>—cfr(€;/—€;) (35)
- (- w0+ ] (36)

fq/q(maﬂ) = C(p+,,u) : S(l - $§p+7li)

= 5(1—3:)—!-&(

2
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s 7HA

V(2 1) = Pypgz = 1) = ——

1 3 2
— - ;) (260 —a) + e m] (37)
[

AF7HA =99 vkE 1H3td, SCETE SaflA W@
2 gAMLY AR T E &5 2AS IR FES 4
FTAHoE B 4 dden, A, AL itk 2 ¢
AtAst f5o] F flo] A= AL SAFe=
A, AS Hed SEAAY 9 2 T Froll g
= zol| A9 factorization theorem& AZ Ao 2 FL3 T
= o=z HAnh A gk 3 7HA] Evtay e F2 9
A Q] Ao QoA stE B 47t 224 S TR/
9] collinear Fo 2t 7<= &= o whHall, 2 o SHA A
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(a) ¢ = Q(n* —mH)/2

@J

(b)

3|

7, soft

7, soft

Fig. 2. Schematic descriptions on the spetator interaction for PDF in the largx x limit.

New Physics: Sae Mulli, Vol. 65, No. 7, July 2015

()

Iy n JiY n
Loe ____ - S Loe ____ S
L. s L S

Diagram (a) represents

the spectator interactions depicted in full QCD, and diagram (b) and (c) are main contributions in SCET. Here L.
represents subleading SCET interactions between collinear and soft fields. Diagram (b) contributes to the structure

function Fy, and (c) contributes to Fp,.
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