



































































































































1VIThe Sudakov Form Factor in

SCETWenow return to the case of the off shell Sudakov

form factor in QCD

ctq

leftq2rightggpi2leftmi0rightbeginmatrixp11endmatrix p2

this time performing the calculation in SCET and not

ignoring the numerator terms We thus evaluate the

quark matrix element

CVleftQ2rightleftlangleqleftp2rightleftoverlinexioverlinenWoverlinecrightleft0rightgammabotmuleftWcxinrightleft0rightqleftp1rightrightrangle
at one loop order where CVleftQ2right1OleftalphaSright is the
hard matching

coefficient.Collinear
contribution

The SCET Feynman rules allow for a single one loop
diagram

mu

kp1
7C

we work inFeynman gauge xi1J P2
p1

C k éc






































































































































2

We find

DcintbeginmatrixdDk2piDendmatrixoverlineuoverlinenleftp2rightgammabotmuchiioverlinencdotleftkp1rightleftkp1right2i0
xigstaleftnalphagammabotalphap1botleftkbotp1botrightgammabotalphaoverlinenalphaleftkbotp1botrightp1botoverlinencdotp1botright

xleftgstbrightoverlinenbetaik22 9
C

α

0

βdelta
ab

overlinencdotk

cf p 7 Lecture4leftlanglekWc0rightrangle
gammabotmu 2

ncdotoverlinen

iCFgs2overlineuoverlinenleftp2rightgammaImu4noverlinenunleftp1rightxintdDkoverlinencdotleftkp1rightleft2pirightDleftk2i0rightleftleftkp1right2i0rightoverlinencdotk

If we multiply numerator and denominator by ncdotp2
we get

beginmatrixoverlinencdotleftkp1rightoverlinencdotleftkp1rightncdotp22kcdotp22p1cdotp2overlinencdotkoverlinencdotkncdotp22kcdotp2endmatrix
Apart from the factor 2kcdotp2 in the numerator which

we had previously ignored the loop integral coincides

with the integral Ic for the collinear region on pages
of Lecture 2 Evaluating the integral leads to






































































































































3

Dcoverlineuoverlinenleftp2rightgammabotmuunleftp1rightCFalpha54pi
timesleftbeginmatrix22lnmu222ln2mu22lnP124pi2varepsilon2varepsilonP12varepsilonP12endmatrixright

We work in the MS scheme where mu2tmu2tleft4pirightvarepsilonevarepsilongammaE

Anti collinear contribution

An analogous calculation leads to

Doverlinecoverlineuoverlinenleftp2rightgammabotmuunleftp1rightCFalpha54pi
timesleftbeginmatrix22lnmu222ln2mu222lnP224pi2varepsilon2varepsilonP22varepsilonendmatrixright

Ultra soft contribution

The SCET Feynman rules allow for a single one loop
diagram

Pitkt p2k7 us

p1neg levelle P2

we work inFeynman gauge xi1

éCkRecallthat 4 momentum is not conserved at these

vertices.L






































































































































4Wefind

0Du5intleft2pirightDoverlineuoverlinenleftp2rightigstaoverlinenalphanoverlinenincdotleftkp2right gammabotmu22leftkpmp2right2i0
0

beginmatrixtimesnioverlinencdotleftktp1rightigstbnbetaoverlinenunleftp1righti22endmatrix i
g
n

propto3 dab
gammaI 2

iCFgs2uoverlinenleftp2rightxoverlinen4gammabotmunoverlinenunleftp1rightncdotoverlinen
overlinencdotp1ncdotp2

XintdDKleft2pirightDleftk2i0rightleft2kcdotp1p12i0rightleft2kcdotp2p22i0rightwedge
2p1cdotp2

leftk2i0rightleft2kcdotp1p12i0rightleft2kcdotp2p22i0right

This expression coincides with the integral Ins for the
ultra soft region on page6 of Lecture 2 Evaluating the

integral one finds

Dusoverlineuoverlinenleftp2rightgammabotmuunleftp1rightcFalphas4pitimesleftbeginmatrix22lnmu2Q2varepsilon2varepsilonlnPendmatrixrightn1222



5Wavefunction renormalization

Zwedgeq12Zoverlineq12overlineuoverlinenleftp2rightgammabotmuunleftp1right
same as in

QCDInFeynman gauge the WFR factor for an off shell quark
with momentum pr is

Zq1cFalphaSleftfrac1varepsilonlnmup2i021right
We thus obtain

overlineuoverlinenleftp2rightgammabotmuunleftp1rightleft1cFalpha5leftbeginmatrix1varepsilon2endmatrixleftlnmu2lnmu22right1rightright
One loop SCET matrix element

Adding up all pieces we find at one loop order

leftlangleqleftp2rightleftoverlinexioverlinenWoverlinecrightleft0rightgammabotmuleftWcxinrightleft0rightqleftp1rightrightrangle
overlineuoverlinenleftp2rightgammabotmuunleftp1right

times1CFalpha54pibeginmatrix2varepsilonleftlnmu2lnmu2lnmu2Q2rightvarepsilon2varepsilonvarepsilonendmatrixbeginmatrixln2mu2P12endmatrixln2mu2ln2mu2Q2P22P12P223lnmu23lnmu295pi26


