Keth )
b T R A

5 # 3

QLD Lectures

Perdurbative Fany
and Faclorization



Ver s ions .

Zzoaé: /\/ok ) M—wh'%'a’ on [Jﬁaa‘s

200]: Rewmade o Tpad .
22,8 'Em.frweﬂ(

2022‘ tl

208 . Add TMD t Resppuroft . [2&)



Conlerss .

2. Divevgonses u BED  omdl
ete” = tindrons
3. DIS owdl QCD Factowigalion

4. &6(1) FWSIZ‘M in ete- > 4L + x

¢. TMD Factoigition o SIDIS
< e
706. SCBT )

Br T8 &, Resttinifjon

tn Dredl ’{M



L

I. Q&) ﬁg«vmgtm ;
SU(3) gauge group  ev SO )

Y o_
facp R A *Z2 («¢D-m;) &,

£; &) fw% fW/
Glexy | Jamge fald,  Nex Ne matix,
G = @YUTE  asi, - WP, T 77844
DX = 9% + i, é“, covarionl  devivalive
Y - gl - gt +.'§’S[g“’ gu] =£¢,Aw7.¢,
44'M B} o’/.(.él,l’ ) ;péd,ﬂ- - 9. ?paeél,,uge,u
Gange Crmusfrmelion. yi) | womont of sumj
E&x) > u) g¢x),
Glo) > Ux) &) weq - 3": uex) 3 W)

IMD 25 mvaviank undler Tu  Eravsformelion .



Le.
Juintigflovn
Lotf = Loy + gy + Lep
dap,  gouge feming oo
covaviank gasg . fLgp = ;é— (2.6“)"
Lip, Faddey - Popov Brm,  plost fule
=  Fegnman cule fﬁ'azw iz prasms
€. Foynman gauge
oer useful acge . Light orme gause

ﬂé z 0 ) azzso yr(# 0}

Pf%la[ Jouse .  no Hlost secotn



1.3
Para melons im acy .

M. mass of gunk

Mu"-m,( ~ QU) Mﬁ/, Wl ~ Loo Mel/
My ~ 4RGN, My~EGel), Plg = XA bl

&z
?41 s - 417 = d“’“) )
K : TenovmaebigaZir scele
o,
= S(ﬂ) /3[.25 = - (b, "?.sz"'éa‘?ss *‘a"sq*“)
| 2 +f
bo=4—z-‘_— ”-—8-'1{?) 6 grz(fl" A?)
fo33 326
by = 12873 (2&‘7 - _}’_—Mf 27 Mf )
> p<o, M > o0 | ) > o

A;?m,»ﬁﬁc (F”‘M, (224 )k; 13{ %}



P +ig

P

s meowrendecn, féu/
e —— udr)
—c—— V(FP)
srrryoros 7%4

ﬂ.,/‘( 5,” YY) 4

s ITe —.‘dp {

P P* +ig



1L£.
VerZex .

£ u,4

>
?z)”)?
4
¢
(n2:3%,¢), (2,3, #1)
(4,12,3) (3,4,1,2) %

~ige o TL
Js ]gtz‘cr,,(

2,44
- & ]8 ’ [(4" {‘)ﬂs ‘fﬂ.u,
+ ({z —{’)/41 3/(1/13
+ ('{5 - f’)ll; gu,ﬂj]
;g; [ {41426 Fdﬁab
( fmhs X/"u«gl - &uns Xﬂ;ﬂ%)

+"('gé.'u4(u eireular
permytotion ! ]



6.
Por tarbative ng :
U.V. divergomees,  A- dom. tepulanizalion.,

H (?3 - oy 4;;,7)‘ (Bmws, B”/M)

/(.4_5- SM‘_ o’f ml«ﬂ&‘zdk 2
subZ; o rff Yo pod Comhindlions .

G- Zrm .
Massloss 4LD - Yugh enengy scallving + Lpls hadbms

> Wz tan W mass of Lot Jraks gad
hawa gzwls.

= o{&cp = -4 T& " Gu *Z §vp§
g=u"()s

Uw% onl /(;ms-'ouéss fd.kdwzf; q?g o Ly
emer Y scale. A&&P ~ /oa/Myf/A



2.1

2. ﬂc'vo»(mm i QCD and e*e” = basboms.

) Light - conwe  coorainats sy stem. ,

A momenum P (o7 Vfdz"') ‘w Caresian  comdineds
Spl: PU- (PP PIPE)  wetic §,,

Tn liglt -ooue toty finde SYysloo :
P = (PP Pl PP, P = to,0, P! p?)
+_ ! /00,053 - _l/po_53
Pre (P P?),  PT= = (P"-F7)
Dot - product of Buo vellors .

AB =A'B +48 -4'8' -4 - 4°8°-4'8' -4’8" - 4*8°

melvie & v
Zo‘r‘butg boos¥ 1«/714{%4 2 -doredlo. .

~ I“ P + ,':‘LG —=
pe s PH preapt, prs P B R




2.2,
7:& aﬂ(VJ(M/ajl 3 W momenZ n T 2 -'dé‘reﬁu.,.
P2 —> oo
P« = (", P, 7’4‘, P;z) = (P o,o,a)
Two &gl - come vetksrs .
2 2

‘ZM: (,,0,0’0)' n“:(ollroio)/ ! =N =0

1.”: I’ Jlﬂp: J/(.ﬂ _ n‘({l/_‘/‘npl



2.3,

e vergemets i acy.

U. V. divergences Regulavigaliow + fenoy muligabin.
Lollinear ol yon g ces

L.R. sver gonces a9

G lasher i ven go oes

Consider a masslss 5«4/( on fonal 35 .

P 3

T2 Zmﬂf an e fﬁa«:,

P
%[P)/"J’ 5e T/ & (Ptk) r(rek)
: ;; £,4. (P+4)* +ig '

Co linear a&u&rgouw; A4~ (1,22A,0), A =>o

(r(r+d) iy (peg)? ,
(P+4)2 %€ 2ptgeig (’*00‘)) ~ o Aeverguks. |



2.4

1.R. Jé'u&vg,&uae: LY ~ (A, 0,0) fv/( y&m

td'(P+{) ia’P‘i’ ‘ 'a
LEUPre) 0 F o .
(P+4)* +ig 2P L g (l 40())) ~% vewgek I

Tn BED.  sud pé'vevoe&uws are " diwwnidesl "
will pzr.'u( rcgm‘r&mwf,

m @), We hawe no grarks ansl jlarns 25
a‘!&vdzé fédés . 00

Tl'a — &U&l ! &kz(&+) 0,o, 0),

Pa o “ -
- Fp =Llo, f o0,
V(fe) ¥ u(t) ° 3,0°)
Pa
&wwﬁ'm ffrm 4«% o olows /7/ /s

P w(Py) = 5 E’A'u(&):o, 5@&)3'78 = V(s }J’rﬁ;’ =0



PG _ 4 pd"('ﬁ%'()
57 Ll U)" Cidste )(P +£)° tig
4
oyt 285 (-4)
“ 07 SRARL g
(Ps-£)+ig t ) (fa)
Pa .
. ‘ P
il AN N1
+ 5@

Collinear 2o 4 £~ (LA2AA), A

Expond 2y it promd i A, Ha é.é'?f ordr .
Y, o _ o

FA . jlf t V[ﬂs) ( fsﬂp‘r"-) 24 - (7 ﬁ!

()% 4£%eis £+t (Fa-£)°+eE

(-8 70 TA) ws)

[ 0( £~
C”)“ A¥ (By- £)* ~ A®
divergont |1 wtl ~ HY.

Power ammﬁzf



2.6

Collivra #o B £“~ (2% 1,2,7)
= ¢ .
. P4 L 8- (F-4) M
F"” ) J(zﬂ" e Wé)( J’,(yij (Pe+h)*tig
4P14
S wen),
dover gend !
fonst | )
I.R. aém«oeeua.. £“ ~ (As . As, As, As) As, A
(4% - l l
M '«c@;}“ Ri+lg  4T+cs 47 -ig
V(fs) (—gsn{,T“) o4 (& €0T%) utty)
dauagaa(.
suéb’kfﬁﬂ-:
C=(r-Tu-rs+ry) * (fa*Ta-Tt)
' r € [, T8 also
& free from collonear - dave 1-R.)!

owol TR . phvergnees 1!
But . A}lg—m n'usm,(u-'% o

¢-)



2,.7
Glrular - gluom . L% ~ L2 a,0)

L (4% | '
r'é" '5@;}“ -griig AT+E 47 -ig
Vet (-8n,74) 04 (85 €T) wity),

E gives a divevgak absopdive pack | ik s siwidar
Zo Coulomib {MJ,M.«&WI%.

2 Poctirbidnn %0""7 ,,,! QLD sonkains

T.R. 5L‘MMW¢% amd collonesr ‘W‘""ﬁ I

Tbove are mo §-mdloix choments will guarks srféms
as pﬁggu/ les , Unlite WMED !

Bt



2.8
LConsider .

e e” 3%#5,4‘ ete- —m X

[Ma&% sedller rfﬂf?

= (Fa“’fz}z

P //
( / A Px X

(]
" OG1=¢ ()¢
%nown
|, uv I Y
= 0~ = 28 L g2 w /
(= 5 TR) 5% wrn) wir) 57 VCR)
= (Fl Fz P, - P-f g
/'tldram.e &b\{o‘l— Z
- [a*r e ; <ol 71 XY <k | T ) [0)
T-order fraM

T (36) 7%0)) = (o) T T%0) + Ol-t0) T T40)



?
% T4V (8 f/,\»e <olT(:r<x)J ta)) 53

, +o0 e-t’k/é |, &30
M&i () = = A{a} _— =
4 o6 = 5 . W tig 0 d<o

-

> | W) - 2 L. TE) | Cdkesrk,
Mu\ro&crm,;

New. we fano 3%, T =2 Fx) 6“8a) ey
we com cendets T witl petbdive dewry of 029
Toae - 4ved .

O @@@

0-(e¢”>Xx] _ odg (i)
: 2(2!{ — +a[-2‘}/ M”"H

o-(ete >u'n )

X

NMe=3
@ 14 ¢ femite , £ cmtains no colloviear— ot

L-R. diver genaes.| W43 92



2./o.
ny

WL 2 amsidr. W o L.T cut siprams

’

d ?l
i
‘ e 4
(a).
Yo /P
mV i AP AP P;Z 2
W s 2 f (%)% (27 ) =555 )z?g[&)
¢ u AL
ea)’ s a{,%—z) )

G24ig (A-A)ig

- A . - CTL
(P, +&)*+ig T[‘T‘( 5 907

5 (P-2) 45 (P &) (15 T o o a‘j

Consider . the Yluon is :{é, £~ O, a,0,1),



2./0,/

Exp»wé’»gtuk, M«a(anér: (Pn2=Pz2=0-')

Yo
Weng =2 [ZB2P sx00r2) 25 9002)

(%)Y (27 )%

%4
en)* g¥ceitpi-8) Tlaee.

Vv , d"é - J
Mere = ‘o";j@ﬂ,, T[ap o€ ap o 5 CR) G OR e;]
/

) —
Crc e te Wed)

DF we dake P = (P, 0,0,0), pXz(0,F,0,0)
w 4+- L‘uéfrdz;m tan he done wit ZM% %ran,

MV 2 ”dﬂp A%, :
2 Tra,r.:z - 85 ja 25 @z_}z (2,]2,*’.('#{) (?,?,'{f -g)

Tr[a'?: UP P U“ 5(’Pz)a} & Ji](lf/ccr‘)/

#>-4),



2.4

T&MIM% contes qum 7] Fpé 424-4’{ o
We com te-wriZe e vesulés 25,

A%

l
Miee =~ & |Gy T84

(27K +g) (2P K -it)
Trl 2P 5C 5P 8 &R ¥, 57(/1/46}-),

Witlenk ;afeu(f”/at_ o’f P ol ?;4, covoni ot qérm.

Now amsider  1.R. sndoibit. from #eo diapram .

o ! £~ O, A A7) A e

“ g v Ovovall fadn. .
§4(&-1-F,-4) = §4(Z-1-F:)

, .sz
6).

Yo % .
w :-—'_YDLP”‘P& Zﬁf(?n&)lﬁ g[Pzz)
b zrR e

(%)% (27 )¥*

7 S

Wy
ent ¢t critr-2) T e .



2.4l |

Fothovs g Uos Some (Z,fs :
__—>

nv l
Tyex ° *3‘«(@”)“ 2 §(R°) (rk 1) (kT

[a?. 5Cap o &) ¥ ?r?z&jc%cr

A/e{éaz.‘har e A(—fum: i " one kes M'wé:



2-42

Wik, %M&Mua: 2 T.R. toillihte Zo 0.

Y wy ¥
0" ~ Tk *mre (mrk *77'5,:.@) =0,

= or Hhaes no T.2. A’V&roea*t“s a¥ a'ne—-é'ﬁ

One cam aleo bow iu & siwiler wity et
o~ tus no w(dm Aé‘l/&rgéuas 2% m—éf.

Commen. Hale mens . The divergames feom
vivlusl pak i< Camthed by Yk i veel pavs

&Mﬂ[ sEite ment
K( N Pesrem of



213
K<V hesrem. . (/C;'nosé‘&c, le, N
e 4, b, a >b
Tha probakidiy. ¢ %o |<uis(a>]
T gonael, Kk oovbacns  Aivergmess rom oéfawm&
shates A 18> amol 1b>, bike T.R.- owmsl tollinear
aé'vargwas. S’uf}aou . Plhese plover guees 4re€ regulariged

hy a sk o parametes (4], €[, gusrk wass -
Moo, devorgonces sppest.

of we sum Hhose enengy degouorcts sletis f

ey om (b = Thew e Sum :

2—_ -2‘ ‘S‘a l) s fva qzaw d.ug
D] D]
divergenees | |

Node. 4 omol b oo nok 2o tawve the Same
enor gy | o <w D Same Eit .



2. 14
Fr ete™ > tudbons , pesdd cese o kew,

MW««}{W Ledorns o QD awétffw
i fondd stets . Block - Noroleiock Havm .

OPE . ]
T4) 500) = ) T + Clw) (3T

-+ .-

We bave ow@ Aoshe %41&3 oTAor Lere .
%.c t'ému’m'g Zerms  afe fﬂW&f—suprsfed(

~ %
SVUZ - sum ~rute,

R 'l‘ﬂt'o
KWWMAI{/W = power &’Wépﬁm at A/g






3.).

3. DIS owel QCD Faclovigadion I
D1s: Deeply Incdastic Sealering

A ¢lessical exmf»é vf R applecolions

Dis. (bwtpabn';u( case )

¢(k) + L(P) —> e&')+ X,
4. bLadvon M«A//j £ s« Proﬁu.
Ab  Leading e of KED.

41

7- ¢ «

< 4-£, \ £

2. (4-£):-8° <o

3 ) S P\ ,§
__&FP —7 L X
4= 2p ™~ j

2
Xe = a,?'P : Bjorkon, variell



3.2.

T&C &U“—ceézm_ : .
o{o— 2 ol 2 u
4/0 1% = 4? ( gz ) [,«,u W ,

L - Y 248 _ 4.4/‘51"# " 51025%': e
m L&om.’c Lnsor : £k
) [ ¢ (&K “,
_Zz—jdxe 5(4(?)/1()/)(}

<[ ) |%CP))
u:szd'kg, (M ﬂg=l dﬁ*lwwzg)_

Tle ole o pos: o, :

“Hu AP
Mda,g) (fw*gg}f;ﬁ,dl) +:£P an'&z)
su_ . BP u
g“WM‘= gywhllza P =P gz g
X=Xg,

em- auge awmlaxidnce.

/V&J( ZJ ‘{nm Fl,Fz .’.’



3.3.

Kinemaelicel region rff DIS. g)'ar&u Lirpd
@2
V’cxea[

2 =
& _a oo/ zg.F a o / XB -

EP

o< K < |,

Gorden scalinf . Foa 6 Q%) = Fu @), ®*500

Pre -@cp.

(Naive) parZan mokl .

kEo,®%) = x ﬁ, ap 2k [ ¢,a®) = f&a°)

oo malic ol scatief. P fr parZon

The wwikidd tadorn L(P) oomsisl o’{mﬂaj para,

fo @« o probekidit, %o fud a paon
with W momaZon. X, x Z.

DIs.
¥'(§) +P(xp) = P+ X



3.4
Wt &) . Imprwe/ pavZer. monil

W) {ngznm theovem far DIS.
I

Fz(x)az) = X % AYX 1?; Cﬂ(?‘,&z,ﬂz) 'f% (f,ﬂz)-f--

=xf C,,,ODT”% (/ +z7/—£—)/

—

a- %, &, &,
{4/4 (¢ ,42)_, paror vl bulion fw%m (PDF).

p‘{('utl( Wt’% &@ U?Wﬂzﬂ“, f: %.
¢ s a disdbihubion. , wo¥ a probatidid, . (!)

Ca (?{/az’ﬂz) : F”/é‘/"éﬂél/{ eaef’,;elw VZMJm/
—ﬁa From  colivear- amnl 1.0 ad'm'ow«ar.

At Muf sToor - zg(z,&z,uz) = §Ci-2) +0(o?s)
£ rz{am&m %t (naive ) pawZo. mond,

—

Md - 'Pa,yZ-rk,‘ Y = ?M{f, g .



3.€
Queslovie. We dom'é fuow dda iwmer - sbyyilure

Vf Ladvons dorw we maele ,’Wedaﬁm9
Tadikirnel way, (Jpordor Produds Eupansion
(OPE)
Motlosn Wdy Ho Miseuss DIS.

Brectk frame (or Bjoben Limis .
L. g o 1. V(7 2% o)
xe movivf inte -3 -divedliow . 5“:(;1; 'S ,,,,,)
<o
B} or heean Limi € s cealigedl g >0
hy FT > ee, B R -8 oo,

2P-8 = z?ff- ‘*"'P_b?+ - co

a2,
X = ZF? = ? , fgk(ﬂ(‘

f Priclage, PUx(Po00)



3.6
To Aevive 704( —Fﬂ(ﬁ”,’gw:

/ t'g'/\'
p‘f: TMV[g'P) =;‘? ““Xe
<P[T (T4 %) | P,

= W*(aP) = 2 Ia T™&p)

We #now. A ladvsn cons'sts »7(/744'%45,
pavtus . 2 f, £

£ :
%}_‘ 2 n - FM%’!«. a’mfonuvﬁ
P S (&F,¢)
) .
bibe 2 verZex

fwr?ou; We hnow s vwﬁ‘%, ool ust
pe b palive. ooy A 80D o ebadat T,

T oo 4 Grem's fomil



3./
A 4 —?oiwé Grreen's q[lmif»

meuzéz\' Pogman disgrars | 3.3, &.
Clesificstion S sbaguoms.
Dwuﬁ»j 4 fvon dagwwn wle Tuwo Paves, ( grem trve)
Uppor pawd i towkainng e Zwo phofor. lovid lons
ower -park . the tus tesson exforil lives.
fio pavks ave oonwihedl with intecsl Lines
of Fashs ond  glumis



3.8. (2PR)
Tle olu.gvms we (lessfed a5 2 - ?Mﬁz{c re;haﬁr,

3PR- -- nPr- A{iagxrms, (au—PK'{)

Strushure bf/éAf’WW“S: (nPR)
|

en thangs
T /f neary

i | |

|
Al
1
L

V1T =

I Y
\ Zuo ors.
cmem o himes P gusds or gleons
The Lowe-park 15 the milvix elpmmsnt  of Ladion
Sanduwidihed with operdts tepresetesd hytos b
The wpper - pr B Can he classifiedd uits too-lovel -

M—Z’v?- - - fn.—fw'p devt@,




3.7
Tree - Lovd 4( uﬂzm_r«wf:

"2 -PR. onF one oﬁxtgmm
S |
RN : y v %Mé(’é‘é’
w” . l\ b . l&‘dfyﬂtm !
Tl
(' {, ¢ 4k
Te bdack box
|
% + " job fmﬁ— "

¢

) % ‘
==Y/l

l
(
(

M (4.p) =jo(“x e"“'x<4(r)/27i<*) Z)-/") /4("))

4,)' : Tmlﬁ'as b‘f §[’:’an- am#{ eolist |



3./ Bxponsling aroumd £ - 2“(/»«00\))'

%&LM{-L% Ao gram . /
%

My (4% “ v 2
=2 VA g (4+g) 5 S(4+8) |, [,
W G (5% 0 ceg) 8”8 [ kp)

A

£ ({"',a,o,o)

For D(4,P). Tu 2 case 072 P+.Ié@, 'P“zéi’fo,v,v)
the Aominant oo hut comes q@m%c region .

£~ g 2), A=4 o«

Power coudiog for Pt maomankion. | A~Nucy, g, -

WY 3 [ad? (52 +8)8")s; 5 (4227
(42 o )| 00m) Fio) |4
-+ 0(;\) + - 7"

The 34‘404 q[‘b(ﬂ( «¥D & = *'»D'*O'-'*il)ﬂd’*--‘,a‘ﬁ) £x) =0

| . |
i 2y Ladyon o(Pt), o0), 0ch),



d

3.4l
Vot sl WFM 07( ECx) are imporEaud.
) = 470 gx)
g(") - gG‘/(x) + g(-)[x)) g ’
Ew = S5t f&)
08T +3*¢ =2, o0& =48%0" =0
(/(shaf EOM . 2~ 0(—’;/:—) g
Power 'amuZud’ for £
= EL*’M s W »fmgze &amfaw,
- i ftx- _
[ g Al Foocm) o) [400))
1 -
T awe (5 )_) fop (2) + o(n),
Gaér %W
PDF v (A -iRTA -
{’% ) =3 |- ¢ " T<KAp)Eom & $o) /%(p))/

7
&mc:’méc;l a&f&u‘; m% on 4%* = g
memendum. conservelion . -PT< £7 < pt
£ <o, Migawr%, we #a4, %1 >0



2 A4. g -
(2+ZJ :2.(4 gJ g “ }
=(olzlola)

n’

> {**3* -0 (‘2"3)
2.12

v _ 1 PT{‘{’ ( )g((£+gj’) Tr[a'“d’-(zfﬂd'vd"]
W e j’a “ % : ’
> F (xa") ’ff‘“ $ix-2) f%(z) = ,—’{%a)/
FO0@) 22X Fiat) = x g,
But
{’% G) =5 (2w Fon s’ 30 (4
1% (s no¥ Fauage mvariant |

T fack | a¥ Zroe- bved  thore ace Wy

: ' A
I&AJ/VA/WLS M‘Ifuéwﬁfgném af/l oT 9\=-7;,,—J!

Bﬂdé%%é&éééox, K lan toave %ms.

b
I/l

¢



3.13

o sbo g 1
P@z////l/////:ﬁ

P

FT - <4(P){?<X) & (x) g() | £CP))

~ P {1 & (PJ e ) A
M=+ He lngst  compoved.
v s '| hrl
S \ —+—>
P WMV: 4,4 Z | Y £
A oxpansion Lo

. =V, /////////¢

,9
W jﬂuf*[c 5 £+ 2) (- 3‘” ek

£eg-%.)%uir
50 S((&+ 3))],, ;,7‘(“,,

Izg—ju' MG g | Ton) gt @t m) )14

K




2.4
A
(4&Y00,0), &= (&1, 000) 0=
y-(£+£-4) O S P +l' nf
(£+8-%2)+ig - &t +ig
Moo : V=l omad #£*+81z0 | on-sdell.

’ Wy * j’x&[ R2ds f(mw)]

4N
‘ d/\dﬂg - /\f +A f,
Ia(f, __44} (-ifs 'o) W e

| Fom) cr*z:’olm) geo) 4>

yf

%/;4()254', #ﬂ‘/MZﬂ— (w [ J ¢ W Shme ax ‘l—ile‘fe.

One com work nd He vesuls for ecchanges ﬁ( o - gluons.




3.8
e comtilbidlion with om - pluons .

W - —L ,44[ (c“a-cf*z)a”r) s’((&&’)‘)]
7‘15 +Ne
i s - - - - &
j I l({,, (_4++‘{ (- {z +,{) - [-?“: +if)
dA —‘/\‘f -n- ﬂ‘_ e“"—A ‘
2T TR 1 §

<A)| §om) 5 &1 oun) @ 0un) - & Q) §0) lﬂr)},

> Ls oroeveo
*_ t, . pt y
{ft S 4‘ + {z + {L . [T ,(| {( / ,F é

Tt contothidion.s are o Plu same orotbr ,{,1 1

need 2 he sumwed.

g auge Lowk . ?4%— ovdewedl :A"‘J n - doretioe
-/

Vo) = P esp{-18 ) ‘47""”))?
<z (i) (T 0y Gmen) £ x)
£H0snsx) - GHAr+x) - B(Ai-A2) BlAaks)
O(rz-d) - O-A) O],



3.46
Us: “j O) =

AW e‘WA

w +(g

im0 E e §f 4
1=l s
. t 1 5 .
("4;4’-01‘{) (- 2': h'{) (.%*4,’[) .- (_7’;++‘.{)
T 24 ’ -'{j*,\)- Lt ounex) £ panx) "é’*(/\;,nu)’

)=l 20
D S Wl cen b sl wite V. Gfepus

'Doiu{thsm Jor vt riglt park - -

At vhe susm . e M#’owérﬂf N a8 e Ll

77 V
W s faw T?-[d’ 5 Zt8)0 J:I x(M*fJ)

2L P | Bom) Y On) 8V C.2) )l

The gaunge Luvavians aéfcm‘tr— «f PDF:

fo (2.4) =
2B | Bom) U n) 8V ) )

£ - 2Pt



3.17,
U teanmaligalion sele | uleodtucedl Aj v,

subtoalion. Beclause vf#; subleastien, , tme lan
nod sbow that PYF 's posidive a5 a probanildy. |

Gauge Yransfovmalion :

80) > U&) £&),  |x,00) > uw0) Vq00) &)
The dofined PDF s gauge imvariaug |
1s e obbained w*™ Fest snlavian® 7?

We meed 1o check the {actor Tr[dj‘d“(sz)d'”d'—_]
with (£4g)° =0,

A [ g o
u/l T,-[d"‘d-(hf)a‘”d’] =z Wik )" uk+§)
6 A
wh+8)r” w)

22

A0

UE+2)8 UE) . o scatbvisp ompltuste (oF
5 3h) —> FR+E)

Tarefore | ale ftaind W s faoge suesoniont .

iw fok +|:?£2)*‘*?‘~e)]a g(Z+?)



2.8

¢ for Jauge nvawiang 6 i Cruci il it e ikdicl
punk s om-shefl | 1¢ ic also mpovEehl
for susmmisf vf&oﬁw Fluons Ly Ward idonty
he 3ma( Yree- bvel % prove Hu faclovigalion.

To iudﬁu& Mgm{ M/W . £<o.

fg% (g) = - F% (-3)
X, 2) - &) 2 (“))
Rt - sy + o)

To ofiscuss Ho faaia—r@aﬁm /:.eW Yoee -bved
we maaﬁfy 2l nodation 07! Phe " bdsack box:’

A{ﬁv %Mm'la’bd %‘ms,
(

T,

1%

.._.P.—_.__’__._.,_,.

our resuld Cen be a&a‘vm as.

, ‘95:: _ Ta—p f”d

ETEMIEEED

~ - e - = -

)



3.f
F&&nmm rule ‘f"" Vixee),

Vewex . T: & T n%)

u,a,

Pro}u JaZ—r :

—/—\Z///////V/////% (£74)

e Fop bubble tom he 4% puy i of %
We L ot T cese o orioe 027



3.20

We wneedd 2o sum all ooty butios of
fhm Q/MAMEF(S
Al dw totlinesr ex]masm AU pulor. Lines

carries '+ momenbuinm [{’Lo,o o)

W goak Lines are qgfrmMWzs
Tha W&Ma&rev@r g"a@/&m, [

Tn covawian®  gaupe , om tan dorive
Ward LM% ,. (BRST)

Q

E1 G, ) Gte) - I G [

N=12 % -- M%W"%!

/

1>, f >, Plysicd sets on-boll 11




3.2l

TWushdlion . gyae Huon, atiadhmedt | we Fuark,
cw ’ﬂl e f’slﬂé

P = (pY0,0,2)

@ CELE(P)D = T'(r) wnlp)

One ~Yluon insevlon

f F 1o B ) s> =0
yis + = 0 !
_P 4“',4' ¢ 4/‘,4./
(a) (L) Cb): Al prscible

nmsardeons &Wfé @l



3 22
We ﬂ(zcm/pazc

\rﬂ‘ (x )

ngce] + (é""‘/ﬂ - g

= 72(

,r\ \
ceadar gham | Longtudinal pllnipd.

Ad possill pdbusdoak Abtsdmett #o tho
i g
cb) (a)
1 0 (P+4)

of LT
Fig 4] = (-)———F(m:) gfeg dsSAT ) w0?)

d _5(PHh)
—~—5n<r+4)r[ 2] 57| ue)

(R

4\
b”? #P)=0 ~0



3. 23

‘ s mip.s1 T4
F\g-(&) = _-‘}TZ-FCP ’é)T uCP) %M’Mgm‘l

‘Lhmr lw £u~ (l,AZ,A,A),
G~ (13,2, 2)

= é“(ﬂ:%‘:—£+ (/+0(/’\))

/

9 t 9 +
¢h) (<) |
L 1

This tanhe goovadiol So insiZion of arcy yumbor
.ff g/lams, T/Za sum  gives  fatige Liks

41t anvlovsh v



3.2¢4
W:th Wad

Ldnttidy | the leadiq eniibit

Jyﬂmﬂte%’”‘ﬂe

",

P

~S glvem /ry .

: -
TUJJTT7D ey

|
-
£

U

= e o e o~ o o o

: mf é é%’i bollon. ok

— /= oE, it

Note - crugid thot ta guowk bines s€and for
W—M g/tuuf{s.



' ' (e)

-
-~
P_"“—-—-

&

1 +£.d.4(a,£,a)

¢

()

Q-

Witk the proje sl from the boton .
| o AL t
W‘(a)).‘. f%(z)/ Ptz 2Pt
At e projedon. ool dekicg  F* = ($,0,5,0),
o cwitiad gww{ lines ko qf"" o - shall M«’s_

o We will wse do subliactive approas. (Colloncs ],
V€ las a swelwily Lo BHEP fr UV



3.24
Cons o Es;.m):
: W=’ = fm g(cp+g)’)

4.

!
|
A ‘(5‘4 -¢
4 y . .
_ P‘—:— _ ri é—;)t& 42‘*"{ TV[K 0"?*;)
:
|
]
|

—_f—

I l+a M UV
:’[ > ( &f ) (P +#-¢)"¢%
L) gy, T4 J fe/ (2)
7 “ areg BT TG
The bladk box + JAuge .
Links pr=2pP

Consislor The movmesde regien R4~ (1,2, A,2),
wllineec o P oov P, Exparoinf ta A,

W;y = v d"“b‘(ﬁ\*f)ﬂ'yd"]

(4
A‘% 4 (- (P-£) | -
{S&r 2 f[“’%’é-&ﬂ“)a]

€++ (- gs’ﬂfT‘{) -f;/ (g)}

T wtsgraion sver £ s diverg®
Mofe 2= S Twee—bwel ress . \ ollimear  sivergome |




3.2(
Tlis collinear divergnt covtlvibiten. (s
re’)ye;euz‘c.o( kg Yhe .ﬁagnm,

A
\[P

T
wee = 7

=

=

[
|
|
\
1
l
l
1
(

Tn Zhe Zoee - bowdl , Hove ¢ Hy some W&'éﬂ/&'fk:

A
v P

—  — d

A
— Y P oufains. -} -~

[{
[
|
|
\
1

=

t
l
/
\
f
|
|
I

|
= s W/ ¥/ ==

& %Mﬂd‘g l/l/al,(‘: % me—&vf refwés cn A
me &%mfutf To avoisl K, Wafgy

usb he sublrasfodd .
m SU 4&& (SM%UZ.VC qfko‘td)



3.28

= e contvibution —Frm fae (2) a% one'a/e&f?
(s }“VW l‘g :

Wa

A

Y
- M}d

I8 VEV&C d?rm tha collinear ‘éuW«'%
form to region where e gluon s o tliuear

2o Pl

Wp < o (4B 5k giaf)
A . «—r ¢ (J a tX('?"{)
l [( §59°7%) (F-4)* -i¢

e (Pri-4) UVM

($-4)*-

Congislor den
regxim /A

(~§s8, T) 0|
(-5 818%)) {5 (2)

&
B~ (1,22 A 0)



3.2f
The MMWA) Aivev yank  contrihule of Fp.ce).

We, (21§ (2 +g)) T[ea-E )"y ]
{@W(zzm )) Tr [G*M &0, T°)
e i (P -%)
O giar (180T )] - Ty (e,
u:('f’"‘-—é,o,o,O)_

Again , teu is a dauhls &awdf‘j. fot U colfnenr
X/uan, Yhone s 2 same contbvibulion oa Tree

z&ﬂ/&( reilﬂk:

_ #_r: = ’_V_f?p MM'M- — _ l: {_l?
.’ |
= | = = W2/

Subtiacliovn (s veesded.



3. 30
= Toe enibolbulion. Qéi'aw F‘f (e) &% me—-évf

AP

MY
We - W,

Tt s free from e collivear divergmee !

Uk@ E‘J.M—) , (b) am (¢) coufain Pt Aﬁ‘n/agwws
when the exthangeol Yluon s collinesr o P.

Do tuy e S e o f_.g_ (b) ~eooe-

> T coniibuleon Zo WY Lan't e
o linesr slivengonces.

Thore are 1.2 sbivergmas  in A ﬂé‘frm,
T%zg are ltanclled v W Suwm, hetause we
sum all fonal etles | a¢ oisseweed| in Seck. 2.
Tfue anre @%MM A‘V&g&uafs Wéa'zéc “%’a;ca(
Hlam < collinter Ho At fined uAK

Tﬁzg e comeled 4 IR pue’s



3.3
Ctmeéts"m: Mz,zw/%nféaé'ug @\%CJ‘M vé“"&zm
Cz in W 2% one '&of (s q{'u'é 1

A% W"ZV"P, theve are }/ﬂom'c con! buteon

L B N

=

L [dA APt
f%(?) ] z'PffE_ ¢
el (&“om) Viwn) (vomE ) 14D

V. i« bé'pzwé refvwswt%m.
Dna lon %DW gJ ’s ch'm}é 4% M’4‘77,



3.2
One o F° Cﬁvalt‘uly éea«mo( "W’ﬁ‘ﬁ?,

omd stow Y fadloigitio. .
l
Fed)zx s § 4 ely @) fran)e
=x 2 L®fy (, co(L))

The aTévd:ws nsed Lo né\/f-u PDF are Buiss-z cpenlors

Themetioil predctions ) K= 45 >0
B)’W&*VL ((Muaf_
E\/awmz 9&[/4?//

3 ‘Je%(x) i :25!:{_{ (I Peg(2) f%@)
2t | fg1.60 I F pal, Ry fs/6)
2= -g— ) P (3) . sFA‘A{uJ Lnewid, .

Do can he calowdat, with peilurbidive theoyy,
’énmﬂn pré ﬂ/wa—{bf LA




3.33
Fxg') = 2 Co(W %) ® ﬂyp(,«z)/

o depenn om oL Gl 8%) =Gl L)
Tekig =8, F,8)=2Z Calt) ® 7"% (8)
Q2 - sepewslnte s dtrpmind by DGLAP.
Bnken sl . Fli8®) - Fx),
Sealing violation i predicked .
%e,yméﬂ‘«'n. agress witk experimonk —_—

Expevinent /f wapolariggs DIS fees
Bl ws
O Partovs are uarks gugl glusus
Y S’cg,é‘pg viokation. o expovim cui
(s ?vedé‘ex‘{wf mrea%.
() Bxtack FIF's = ot USALES.

Clasgiend st o 8CD L



3.3¢

T&my VS.  Experimert

36

em
£ —log,(x)
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function is plotted as a function of Q for a range of values of x, as indicated next to the
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