
 

A short note on Dis
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IS is among the simplest process

but it is also tedious due to different

form factor conventions introduced

Of all order form P S 9

O Lo I N Lo P 30 32

flavor singlet non singlet

P 42 43



Un polarized DIS all orderfeature

We consider Pte é tx

e e

p EE x
T

and define

S Pte 9 6 e
2

To all orders the X sec is given by

do If Ej Ie Epin to work

tea fdPS.tk Julp
x a

ds'd qt P Py



Here we ignored higher order corrections

From QED and it is safe to put eel

in 4 dimension

The leptonic tensor is

LM 42Einte8 I Ife

I YzTr tone's

2 Celek tee greet

the lepton phase space can bewritten

as

fEfate III Hy dit da



Here we have defined the PiS variables

RB E Ya Ea
y 251 És

The X see is then

algae Is to 2 Ce e tee goneet

Wm
fdPSx EP Jmlx atJulP

x a
ds'd qt P Py



Since we are interested in the

Un polarized Dls by gauge symmetry

the hadronictensor can be written as

Wow L gmu t 9g W

Cpa g Pg pigPg W

where

grown Cd 1 W ExesWr

p p Wmu ExesW Yaps We



Solve for Wi Wa we find

Wi at 1 gmr 48 P p Wmu

Wr 481 W HI p p Wmu

We note that

ga t EIPmp EE É
is nothing But the transversely polarized

photontensor and

PmPo Eiti

is the longitudinal polarized photon

tensor



ContractWmu with Li we find

La Wmr Cd 2

CI g Ey s EET E Wm I

Cd 2 l Y S ELEWau 4

Hence We find

Igor 44 III E EEWmu

with f l y y

fi d 2 Cl y

Wmu SdPS KP 5k 1M 99Pd
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We can also define the transverse

and the longitudinal X see as

0 4 GREYWar

G L E ELEMWmu

Notethat our notation is related to

Fe in Zijlstra vanNeera

NPB 383 0992 by

xD Fck OL

KE Fa Fi OT
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Leading Order

at Lo yh era LIFE
p

Therefore we have
ZT

Wm's fdffa sch a s'd peg k

oxzckmpitNPI gmp.ie fish
Ppf Count for

pi EP19
2
228.9 07

the flux at
248.961 23 theparton level

ftp.q SCI g Fy dog

x RRP tip gap k



Now since

Or IT ZEE Wmu

It ftp.g SCI Y FC
d 2 d 2 P9

I a Cd 2 g ta fee df

GL Ey Eiti Wmu 0

Therefore at Lo

ddfdan ed Eff f sci f fast

8 FT SLI Z GI o

7 7434



Next to Leading order

real emission

We start with the phasespace

for

Ifa sik'ssigycagptq.bg

Epa dig 8948 EP 9 KY

II aggdig
8cg 811 Y 23191341



Since the phasespare is Lorentz

invariant for simplicity we choose

the Breit frame inwhich

P TEN 9 0 5 NET

aquire no transverse momentum

Hence

2 Pg T png

29 g t.gg n ggt

when
5 0 o o 1 Nell o o l

ng g 5.9 94



It is then easy to find

L 34
2EP9 29 g
2 P 9

1 of 1 E FIFA It
The S function solves

gf
l Z Z 94 at
1 z

a

where 2 4



We consider

P g 2 Pg so

a png t.PEg

zp.gl IEt so

z g qt E l Z

if we let

1 gyqt 1 it then tf I



Therefore we find for 2 emission

fdPSxCat Septa Px

II 24 E GJ de ETI 25

x Egfee

we have

ZPg 2Pg CI t

2kg 217.93 l Z

2P K 2P9 t

5g Ci Z T.pt



now we calculate the matrix elements

We start with the quark channel

Feng FEI
Pp

Brutefree calculationgives

Eiti ooo 4h25Ced 2 4 Zt

Gpu 000

872sCold 2 HII ECI Z

FI It CI E 2



Thegluon channel is

FE 35

EEE Goo Iz 472s 1624 Z

Gav 000 I672 CI DTR I

I LI ER ZEE YEAH H



Wethus find

Gig 24 Tr 2211 Z

69,9 Ea Ca Z

for the longitudinal part



While for the transverse part

We have

Gig E TnYI L HEIet
fdttEG

tje.IE

H 2EEHtDIEE

EIrgy
z



Which gives

Gig É Tr É La e Coit

2 É 1 27 22 11 27 22 n'É

I 476 Z

For thegluon channel



for the quark channel

we have

G air 444 EYE E EE

fide ETH

LEE ECI Z EE EzCI E a

EG Z



which gives

air E G EIICHICome

ErSH z I LEF t 84 z

424 II EE Int KEat

3 Z E 43 811 2 z



now we add on the virtual

correction Counterterms

Mr 3

I 35 scaleless o

Be 3



Eff
k
define Ide I detest

fede ai igssttaiffgier.gg ig t'r.u I

is detected
now we use the Feyn Param to find

SH 2 23 e

chaotic TG da da
CL 2230973

Lil t d e't 222k e t 232 223 e P

At 2 Lik 23P l Rt23107 22232k

Efts
Ptt 222392

R PII 2kP 92



now we simplify

484 84 1 4

I FCK Tik N P FCK N INDU

z all FIT par Cx IK LAI
ET CETERA D ICE LK FDU
z a x FX U 22235 PIRU

ZEEXXX U t 242223 I RSK I

2C e TILL I

C2225 282nd Jt JK U



9 55 2Cat end T er'd

how we use

ALI LIMP EH TI 5 Y

Ide atagy ftp.IY Kiat Est

to find

41915CEE K E E



Add up all terms

64 G

GLEE E E s



Immediately we find

G t GEESE Come

1 EEE 3 84 7

424 II EINE ZEH

3 8 4,1811 2



summary

8 44EE iFxGai.x

EE EYeat
fr 8g

with 8 8 8

f 2 24 ft l y 442

LOE

69,4 84 2

Oh a Og Gigi o
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N'LOE

81 27122711 Z 9,5 included

G e Ce z

and

Ed TRYING E LET

f If 22 274 CI EAZY Int

I 474 71

99 included 31



GE CHIEa 4 E

f t EES YI InE Az

3 92 43184 2

t distribution for 2 1 divergence

is understood
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Flavor Singlet non singlet

We can further write the

D is Dsee as

do do a dog
where

dog ÉÉn.tt eai8qfayp

dog ÉÉn 484eat 8g fgyp
Is only a ont

where Gg Gg is given before

and are both i independent



Now we introduce the flavorSinglet

distribution

Fas É fait f ai

Fgs Fg

and the non singlet distribution

FIS Ne fait fa Tgs



The X section can then bewritten as

do t.EE eqioq its

I II EEeat 8a Fg

I É É e'ai Ne8g Igs



Now we study the evolution

for TEs Fsa g

Note that

Ifi
Pat sis Pa Fa

Pig fi t Pag fois

Pagfg



dating Pi Sig Pa Taj

Pag fi t Pag for

t Pag fg

where we have used the change

and flavor Symmetry

Pag Pag Pag Pag



Therefore

ITm i t fay

It Pag 8 t Pag fast fog

II Patg 8 Pass fg tf ai

2 Pag fg



and therefore for singlet

Ipp Fgs

Pag pig papist Pasa Is
Thi Y

2NE Pag f g

E Pas Fgs Pag Tgs



Inppg Pgg Igs Pga getfat

Pig Igs Pig as

for flavor Singlet
y
2nFPag

1 1 I
ps is



for non singlet we have

Im Fa
S

Pag t Pig Fat

pigs as
9 flavor ladependent



summary

do t.FI Ieqioq its

I II EEeat Ga Fas

I É 4e'aNp8g Igs

where

IE N p fact Fg Fgs

as É fac t fat

Fgs fg 42



and satisfy

admit pigs pens

In
Ps Pas

Pg pass

FS

Pag 2N Pag

Pgd Pga Pass Pas
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