BA

Problem  SGet 2 (42 April 1024

Evercise 1:

Construct Hue (eading-order (~%) SCET Lagrangiaw i

Yo presewce of o q».a.rk mess  with sadiuﬂ a) ma~
ad b) M

Solublon:

The Projec-l-i(m opadbm P oud Pp included w the defuibious
of 5, and M, iu.q.Plg tHat i,'&hso and M, = o0. Heucc.,
He vwass o %{vcst

-m &Y = - m (B TE)

Frow poge Kl we see that (-m) always coues together
wie LB o\ T Lllows Had for mo:

L) = T & ind, E &
[I ("'ﬁ'l.'m) Wr.](“) K \I\J,‘lz[ 'bﬁl )Em](XH:R)
+ (pure qlue ferus)

For muX, ou the ofher haud, He wass tere acds os a
power Correchon and does wot cowtribude of lmij ordex,



8.2
Evevcise L ¢

Deonive e form of He SCET vector cwrent of (oosijn'om,
x40 awd show Heak it s qaige tavasricut.

Soluhion:
\de, {OM "'\m:\"-

ot o 4
¢ T — (W 5,0

Uus +
— U (x.) (We %) (%)

Tn an amaloaou.s boay :
< U <
GrWz) — (B Wz
Uus - +
- kfﬁ HE)(\(\ Uus(x*)
Qo Hhe Cudipeict
FAVSTE RIS RYR
is ot tnvariaut  Weder whha-soft qauge Hausformakius,

S\wee -

+

Uus (%4) Upg(x.) *+ 1 ‘for Xy * O
Howewer, whew cdlinear aud audt- cdlunear fLelds ave
cowdoined n o hard nterachhu, te (auk-) colliuear
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Reds thewselves must be rulthpole axpauded ! To see
His, consider 4he following vertex:

n-q = H.?_ = 1°= Vs (CHS: ?:3)

) 4 f
Pre (vgomp) T o (Rg-Rp) 5 - P

AN N
T
wugt be expakded !

To expand  atway ol = wp “Tr' we wust expaund the cillineor
Lelds i x

(\Alt‘ih\(x) = (Ntld(xux,,) 2 x-.:;,,(wi;h\(x“n) + o

T
pocwer suppressed

Likewise, we nust expaund e auk- collinear felds {u x,
The corvect leading-order SCET currewt operafor o x40
15 therefove:

kiﬁ HE)(‘-* X],) XE (\'J: ‘in)(“-b"'x&)

This s (wvariant (uder u.u'm.-soﬂ aa.nﬁe. Mom@owsz

Uus | = +
B TSGR A R RIMCEONMGOR S AN

=1
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Exercise 3 :

Work out the amalyhe -ﬁom of the solution of Hhe R6
evolubion equakion for the Wilson coefficient Cy G at
Leading order W RE- wproved perturbation +heory.

Sohd{ow:

The qeneval solubion +o e RGE s;

N N P ;h,”'t.ol wuou"'l:au
Clajp) = €@ )

X exp [ j ﬂ‘;( PM‘,(ds(,o')) ew:—): + &, ("‘5([3)))]

We use the definition of the B- fuuchow

Blxs) = i(ﬁ)
r
4o dmuac vaurialdes -Efou /-»‘ b 0‘59~ ). We F‘:‘*A
~ ds( )
Qw —: = Zn & -2 J é’,vt = h =2 -2 J
ft’ o ph i P(«)
and  theve bove GC1)
%(r\ o

do Q ot

CVL U\I (,Lk‘,() - &Tﬂ\ [ FMF(N) (QV\ F‘ - 2 m) + X\,(d)J

o (/al.,\
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We wow defne the {luu\chfous=

s () [‘ ® :
Ca (d) d&
Splepy = - [ de S | o
olg () s (v)
“s(r) r
sp (%)
ar(\r”u) s - Jdd a‘;(d;
olg ()
¥ ()
r
Yy (W)
axv(v'r' )= o- Jdd (>(a)
ohg ()

T, tems of flese o‘oiw‘ts, Me exact soluhon reads:

2
Uy (,-q\,r) = exp [ 2 Sp(ru,r) - QM% a,-.(/q./«) - axv(/"v/‘)}
—
O(1), siumce Fne @

(se e.g. Seetiow 3.4 i W—Fk/oéo?zw)

We wow work ouk o parturekne approvitunkiow fo Hus vesult,
u.‘o;\nﬂ He e-y\oa.ks;ows :

P(us\ = = Lug [ (b :; v Py (:_;)z +]
og, g \*
Mg = Togs + T (F) |

[ :
G = g e N () e
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The one-loop coefficients axe:

A M
"z - =
(%o = KCA - ET; h:; 3 FO - ""CF ) Xo s "6Cf
1

¥l 1uark Plosors

lksiwg teege O—xpaus\'ow bo envaluate e idejmls, one oltaius:

T ds(t\ Iy B ) o5 () = s} ]
= - r L Y
ar (\rll"'\ . ').(39 ‘- QM’ ds(v) i ( r‘m Bo 4w ¥ -

VX
1P

‘ de_s(i 4 (\'1- f‘«) bls(r\—ols(v‘ ; )
(AR Yo [o 4w o -

0(1) O(dg\ 0 (ol:

a,v( i

" ([} " L)

Lo ’NLO NNLp
<> ™ "'RG-iw.prove.o\ pertudeation. Hieocy'

The solkion for Hhe “Sudakow exponent Sp (5 kwore
twvolved. Oue F\:hAst

O, kx 1 )
Sp(\r,,.\ = hpr { e (1 i lkur) i lawaex thaw O0/(1) | "
Cy _ [ , Br g2
+(P°-F°) (1-re fav) + Q__[s‘,‘“r d
. or (us(’v:‘;t 15(\1')) } ”NLO“
withe: . 45 ()

0(5(‘1’&
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The presence of o "s@r&r—tend.«:uj" fow ~ Wy &
choxacttrishie of Sudakov problews,

At LuALua ocder (n RG- iwaproved perburloation +‘Aeov3,
we («mlkl olkaiu:
xo l.—:'.v &\'_Q_:

'15'50(/4.4/‘) (usc,u\ )-K' W

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

dsl.,d-.\

. { .. g(“sfr‘-ds(v‘) }
4w




