Preliminary plan

1.Introduction
2.Inclusive and semi-inclusive DIS (structure functions)
Basics of collinear PDFs at tree level (definition, gauge link)
3.Basics of collinear PDFs (interpretation)
Basics of TMDs at tree level (definition, gauge link, interpretation)
4.Basics of factorization
Basics of TMD evolution
Phenomenology of unpolarlzed SIDIS ‘ . , _

e Phenomenology of polarized SIDIS
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Next lecture

e May 27, 12:00 PM in F113
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Quick review of last lecture
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TMD factorization

Collins, Soper, NPB 193 (81)
Ji, Ma, Yuan, PRD 71 (05)

ya
L

Fuur(z,z, Py, Q%) =C'[fiD1]
= H(Q?, 112,¢, ) /deT PPkr 7 8 (pr — kr +1r — Py /2)

vy en fi(@,pr, 1%, Q) DY (2, kg, 12, ) U (17, 1%, (Cn)

Hard part
P TMD PDF TMD FF Soft factor
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High and low transverse momentum
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SIDIS once again

() = photon virtuality
M = hadron mass

P, 1 = hadron transverse momentum 2 o p2 2
hLl qr = Py /2
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Low and high transverse momentum

AB, D. Boer, M. Diehl, P.J. Mulders, JHEP 08 (08)

Low

77 < Q7
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TMD factorization

Collins, Soper, NPB 193 (81)
Ji, Ma, Yuan, PRD 71 (05)

ya
L

Fyur(z,z, P, Q%) =C' [lel]

= H(Q?, 112,¢, ) /deT PPkr 7 8 (pr — kr +1r — Py /2)

Y eq fi(@ i, C) DY (2, kg 1, Gn) U1 12, ()
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Low and high transverse momentum

High

M? < g5
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Collinear factorization

F(x,z,Q%)

szzf’fZ/ d:z:/ 532;2_ ) )(1— z))

><f x,u% Db ,LLF H’b :Ezln'u—F)
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Low and high transverse momentum

b @ e Low Intermediate High N 999@:999 oS

SJOER | <@ M<g<@Q M<g g0y
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Matching

FouT

A
a7
Must match!
I | 5 ’ Q%
M? Q)

The leading high-gr part is just the “tail” of the leading low-gr part

Collins, Soper, Sterman, NPB250 (85)
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Low and high transverse momentum

TN IYY Low Intermediate High N gaghooa ™

ST ¢ < Q? M <qgr<Q* M <qgr ST
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Perturbative corrections to TMDs

q 2y 0 1 L(n~") a/.N\ q p g, p g
fi(z,pr) = 972 12 fi(z) CFf1(x)‘|‘( g ® J1 + qg®f1)($) ;
T P 2
Fuvr = & 5% Sack | 1) D) L( S ) + £1) (D & Pay 4 DY )2

a7
M"F Faq ®flg)($) D?(z)]

Large log, \DGLAP splitting
needs resummation ) ) functions
where L(Q )_ZCFan——SCF

qT qT
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TMD factorization: b space

Four(z,2,0,Q%) =z Zeg [(ff ® Cia) (Caj @ D)) e S 5nr

FUU,T(xv 2 Q’%v QQ) =& Z@
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Leading-log formula

Ellis, Veseli, NPB 511 (98)

Fuvinle, s @) = Y 6k ot | (aslah]) Dieila) e 51— e )

a

2

Q d 2 2 2
pe as () Q)

S(g5, Q%) = —/ 2CF log —
q2 ,u2 27‘(’ ,u

T

vy
Oés(:u2) — 60 log(,uQ/AQ)
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Part 5: Unpolarized Phenomenolgy
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Experimental access

Drell-Yan de2 Zeg fi(z, p7) @ fi(z, pr)
q

Semi-inclusive do
DIS el ~Ze§ fi(z,p7) ® Di(2, k7)
q

electron-positron do 2 5 G- T2
annihilation dg7 zq: R e
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Some studies in Drell-Yan
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Available studies
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Gaussians

DAlesio, Murgia, PRD70 (04)

Gaussians
+ kT resummation

Landry, Brock, Nadolsky, Yuan,
PRD67 (03)
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Example of resummation effects

A2 | V5 =50CeV |
T | Q=5GeV |

- () =10GeV

| Gaussian +
s «9ummation

Gaussian only

qr
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Nonperturbative part

*In b space
b2
SNp = R
1

Q —1
(b—2> = 0.21 4+ 0.68 log (ﬁ — 0.13 log (100z o ) bax = 0.5 GeV

rmalize

Normalized G Fit

E605 Data E288 Data |----- normalized BLNY Fit
T B e B . e B L

i T 111 data points
% & (Drell-Yan)

0.6 0.8
P_ (GeV)

Brock, Landry, Nadolsky, Yuan, PRD67 (03)
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Nonperturbative part

® In b Space Kulesza, Stirling, JHEP 12 (03)
bQ
NP =y
I Q V'S
/(%)

- Note: there should
‘” : be a factor 4

2 between 1/b and kr

Q
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Nonperturbative part

® In kT Space Kulesza, Stirling, JHEP 12 (03)

q7
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Unpolarized SIDIS
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Unpolarized SIDIS

do
dx dy dpg dz doy, dP7 |
— o v’ Fyur +¢eFyur +v2e(1+¢€) cos gy, F((ﬁ?(bh +5COS(2¢}L)F(C]C52%
ryQ? 2(1—e¢) | |
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Azimuth-independent pieces
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Convolution

2 ra a M? Pi?J_
FUU,T:ZGafl ® Dy, Fyun =0 02’ (2

a

J®D=uxp /dQPT koT 5 (PT —kp — PhL/Z) fa(CUBap2T) Da(za k?r)

f®D=uxp /d2PT ’kr 6D (pr — kp — Phy /2 +17) f*(zp,p3) D(2,k3) U(1%)

Does not make a big difference if Gaussians are used
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Fragmentation functions

For the ”favored” functions

+ 7 o+ = =
u—TmT d—mT d—m~ U—Tr _ f
pu—T = pi=t" — pd=nT _ pi—nt = pf
_|_ _ —_

Dy~*" =Dy~" =D

1 1 ) 1

KT s— K~ __ £’

Ds—K" = ps—K~ = pf

for the “unfavored” functions

_ _|_ + 3 — _
Di~™ =D{"" =D{"" =Dy{"" =D,
+ -+ - I
sS—mT S—mT s—mT S—mw df
D3 = Dj = Dy = Dy =Dy,
u— KT d— KT d— KT d—K~  nd—K~ _ Pnu—K~ _ pdd
D1 :D1 :D1 :D1 —D1 —D1 - L7,

s—KT L s— K= _ d’
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Various combinations

4ﬁ“+ﬁOG§D§+(4ﬁL+ffC@D?+ )
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Valence and pions only

F(%;TT(CU 2, P ) =4 '@ D + fi @ DY,
F(Z%}TT(:EZPhJ_) fi © Dy +4fi'® DS,
(TJL{JWT(m 2, P ) =4fl® D] + fi'® DY,

Fyiir ( ) =

r,z, Py ) = fi' © Dy +4 f ® Df

UUT
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Gaussian ansatz

a 2\ __ fla(x) —p7/p> D¢ k2 _ D%(Z) —2%k2. /o2
fi(z,p7) = 02 € , 1 (2, kT) o2 €
fo @ DY = 1 o~ Phi/(z"pa+os)

With Gaussian soft factor

fo® D = 1 o~ PhL/(Zpitos+T?)

n(2202 + 02 + 72)
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Interesting ratio

p/n*

n/z"
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Hall-C results

1.2
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JLab Hall C, Mkrtchyan et al., PLB665 (08)
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