BA

Evercise class 26 M"Lj 2020

Evercise 1:

Conshch W enbivg-ondee (o) SCET Lageangin i

He presewce of a o‘,ua.rk Mmess with scdiuﬂ a) M~
and B) M

Soluhlon:

The projeckion operators B, oud Py tncluded i He defuihous
of B aud M iwply that E,E =0 aud Ttz o. Heuwce,
He oaass e %ivcst

-m%Y = - m (.75

Frow poge Kl we see tat (-m) aloays coues together
wie (B o\ T Lllows Had for mo:

L) = L& ind, E &
[I ("'ﬁl-h") Wc](“) K ‘I\J,‘ls[ 'bﬁl )Em](x*l'fﬁ,)
+ (pure qlue terus )

Yor rvwka'J o the other haud, Hie wass tere acks as a
power Correchon and does wot cowtribude of lmA.wﬂ ordex,



8.2

Exercise 2 :

Deonive e form of He SCET vector cwrent of Posijn'om,
x40 awd show Huak it s qause twaricut,

Solution:
\:Je, {OM "'\m.‘\"-

et U 4
¢ T — (W 5,00

Uss +
— Uw_, (x-\ U’Jo ‘fnﬂ‘l\

Th an am&ln:sou.s \oﬂ»n=

W) —  (Fx W)

Uus - 4+
—  (Zr We) () Uyg(xy)

So the cuurent
A ATE RS AT
15 wot (variand  usder wltea-soft Jorge fraus foruakions,

Slwee -
4
Ui (k) Upg(x.) *# 1 for xs# 0

However, whenw  cdlineor aud andt- cdliuear Ws aie
cowdoined n o havd nterachpu, the (ak-) colliuear
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Reds thewselves must be rulthpole axpauded ! To see
fis, consider 4he following vertex:

n-q = H.?_ = 1°= Vs (CHS: ?:3)

) n I
P’l= (h:}- “f)% + (ﬁ"}'ﬁ'l’)%‘ ff-

PPN a N
T
wugt be expasded !

To Q.xeam& ah0y pr= n-p “Tr' we st expa.wl the collinear
Lelds i xI s

(\Alt'ih\(d = (Htl..\(xp&) - x-.a,,(wigh\(x“n) $ o

T
power suppressed

Likewise, we nust expaud e auk- collinear felds (u x,
The corvect leading-order SCET curreut operafor o x40
15 therefore:

kiﬁ HE)(‘-* XL) X!: (\'J: ‘iv\)(“-}*x&)

This 5 (avariant uder ubl'ra.—sog 3a.uﬁe. Momlwfows:

Ui = +
v = Grbe) o) ¥ Upglryao) Uyglrood (4C BdCrava)

=1



Exercise 3 :

Work out the amalyhe -ﬁom of te solution of Hhe R6
evolubion quc..\{ow -?or the Wilson coe(l(lictecd' CV(IJ at
Leading order W RE- wproved perturbation +heory.

SoLuJ'Low-

The gqeneval solubion +o e RGE 15:

2 N & ;h,H't.oi. c.au(ik‘au
Clasp) = €@ )

X exp [ j ﬂ“:( Fw(as(,o')) Qn:—): + ¥, (as(,o‘)))]

We use the definition of the PB- fuuckiow

(5(&5\ ﬂ
r
4o &m&t varialdes -Efow /-»’ b 0‘594« ). We F‘:‘*A
r ds( )
A S I - S "2 -2J
R % o F [3(«)
and  theve bore GC1)
%(r\ z « A,,,‘
do
CV\. UV(IL[\‘,‘) - &Tﬂ\ [FMF(N) (QV\Fz - 2 m) + xv(d}}

s (/:L,\

d.4
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We wow deflne the {luo\chfous=

dsfr) P (L § ,
Cua (d) d&
SP(V'I") = - J&d _‘;h .[ Rl')
ol (vv) ots(v)
“s(r) r
Cu (l)
g (vr)
ds(rl)
thﬂ)
axv(\f'r,) = - J dd P(d)
olg (vr)

T ferms of fhese o‘ojw‘ts, Me exact soluhon reads:

2
U Gaed = exp [ 2 80Gupd = e anup) - ag ) |
—
0(1), Stunce /*L\”Q

(see e.q. Sechow 3.4 1w kep-ph/osor229)
J P

We wow work ouk o partudskne approvitunkiow fo Hus vesult,
using the Q-)c\bd-ks.toks .

e = -z [ B e b () o]
os wg \*
Mg = Togs + T (F) o

2
o
XV (ds\ = Xoﬁ*’ K‘l(“;) +oe-
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The one-loop coefficients axe:
4 b Jh
(Lo = %CA HT; h& ) r‘o = "tCT. ) X,, s "6C§
1
¥ UﬁH ?uark Flo.uors

lksiwi L INTY3 mxpa,us\'ow }o envaluate e idejmls, one oltaius:

anlopd = 2 | a2 (2 il ha-ile)

Lo ds(v) o Bo 4y _

agfod = | et (B D) mpde
v r lpg dS(\T\ Yo Bo th o
0(1) O(us) O(%s)

Lo “NLO" "NNLp'
Q ™ “'RG-iw.prove.o\ pu('w/‘ew\-»'au\, -{-kema“

The solckion for +Hhe “Sudakos exponent Sp &5 kwore
tnvolved. Oue funds:

M, )
Sp(\r,,.\ = o { v (1 -—- lwr) i lawaey tau 0 (1) | ) o"
Po P _ Br 42
+(P:-E) (1 rc»ﬂvur).f-i_ﬁol“r
J
+ Or (us(’v:‘;t “5(\!’)) } ”NLO“
w'l“m
¢ = dsCt\

O(s(\fs
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The presence of o "surer—tmdafuj" fow ~ Wy &
choxacttrishic of Sudakov proklews,

ek Lm.&uﬁ ocder RG-;ULPTD\IC& (BUM(M:\{oo. 'H‘-Eovm
we (walkl olstaiu:
Ko |.—:'.v &\'_Q_:

261 (o (usc,us )-K' we

u\,(,&u./d = e

ds(.,d-.\

. { 1+ O«(uscp-asm) }
4w




