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Outline

" Punchline: We calculated the anomalous
dimensions of subleading dijet operators in Soft-
Collinear Effective Theory — a step towards improving
theoretical precision in the thrust distribution,
allowing for an improved determination of as(Mz)

(The Thrust Observable
Factorization/Resummation in General
Soft-Collinear Effective Theory (SCET)
Applying SCET to Thrust

Results




Thrust

(Thrust, T, parametrizes the geometry of the
energy-momentum flow of an event:

T ~ 0.5 0.5>7>0 T~ 0



Thrust

By fitting thrust distributions to LEP data, we can
make precise determinations of a,(Mz)
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Thrust
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Thrust

do | Q : Centre of
dr mass energy
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Factorization

Factorization Theorem:

do = Z doii" @ fi(€a) ® £i(&) | (inclusive)
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Factorization

0 | An event with thrust T .
"ﬁ,-\,j/

. .
Typical relative momentum
of particles within a jet:




Resummation




Effective Field Theory

Consider a toy theory with two scales A; > A,

(O(p)) D log(p/A1),log(p/Az2)

Construct a low-energy effective theory
that does not depend on A ,, but get's the
IR physics right.

Full o0 Effective , oo




Effective Field Theory

Az

= C(N)OEff(u)‘M_ L TO <—>

(O())] »

p=A1

C(p) D log(p/Ay)
(Oea(p)) D log(p/A2)

Full 4,00 Effective , co




Effective Field Theory

Az

— COun(u)| _ +0 ()

(O(n))] N

p=A1

C(n) DO log(p/Ax)
(Oea(p)) D log(p/A2)

By solving the renormalization group
equation for Cfs:

C1(p)(ger(p)) = C1(A1)Ur (A1, 1) (Jer (1))




Soft-Collinear Effective Theory

Relevant scales that must
be factorized in order to
sum all large logs for thrust:

|Q, VTQ, TQ'

Typical pattern of scales >

for observables with -
double-logs.

The correct EFT Is
Soft-Collinear Effective Theory




Soft-Collinear Effective Theory

Consider the thrust distribution for eTe™ collisions:
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Soft-Collinear Effective Theory

Consider a generic feynman diagram:

p 7,
k7 Py /5 Need to reproduce IR
divergences:

-
_ b2 In massless gauge
n, theory:
/7 k* — 0 (soft)

k|| pY (n-collinear)

kH

(n-collinear)




Soft-Collinear Effective Theory

Physu:al
picture:



Soft-Collinear Effective Theory

Consider a generic feynman diagram:
k“/' P1 /,:—,; g E* — 0 (soft)

k-p2~Q k-p1 ~ \Q
k-p2~XANQ k-ps~ ANQ
-p1 ~ Q




Soft-Collinear Effective Theory

D1 /Pick an assignment for
each propagator as soft,

Z n-collinear, or n -collinear,

graphs sum over graphs:
P2
"\

AV e
= C(p) ﬁ : / +O (A)

N g




Soft-Collinear Effective Theory

Define SCET so that SCET matrix elements
equal QCD matrix elements expanded in the
soft and collinear limits
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Soft-Collinear Effective Theory

e (o c77)
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Freedman, Luke (2012)



Soft-Collinear Effective Theory

YIY = [ Wa| T [V Vo] [Wits]
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Subleading SCET

| (dgco) = CV (V") + O (V) '

7

(co) = COGOH)y + ) COGOH) + 0 (A?)




Subleading SCET
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Subleading SCET

New currents that did not appear at leading order:

Y ()W (z, y) T (y) W (y, 0o)




SCET for Thrust

Returning to thrust, note:

S5— q1-q2 ~ A°Q ~ 7Q
L —
— A~ AT
Generally in SCET: For thrust:

Q, AQ, AQ |Q, VTQ, TQ.



SCET for Thrust

Thrust factorizes in SCET. At leading-order:
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SCET for Thrust

7 o (0] 3#(2)8(7 — 7)j*(0) [0)

/Each matching
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Anomalous
dimension
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SCET for Thrust

To include to subleading operators:

" (x) Q@ QCD
C® (@ SCET

/Each matching

|

Anomalous
dimension
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SCET for Thrust

To sum subleading logs we need.: Tl sy

1) Anomalous dimensions of the O () currents
2) Anomalous dimensions of the O (A#)currents

3) Anomalous dimensions of (S(™))

A~ AT



The Calculation

Graphs needed to renormalize the ;'
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There are four independent anomalous dimensions,
each requiring a similar number of graphs to compute.




The Calculation

Non-trivial mixing:
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Results

Y(1a,) (4, 0) = UG (CF (m'—?z —§+ In v) + %)

- 2
+%(C —C_)u(g(l‘z‘ ) — +0(2)0(2)6(u + ‘I)HHZIE_I
) % (9( )T 4 03100 ) +_lﬂ [ﬁﬂ(ﬁie_(z— v)  96(2)6(v - )] )

Y(1b,) (u,v) :T(lan)(us v),

— 10
ab(u, —v)o(u 3 -0\ C

Z 1)
HCA:( z)([é'( ﬂ_iﬂ( ) o —_)9(:;,)] O(ur—v1) 6(v; - ))
o, (u’v):asﬁ(!; — ) (_cp ‘e, (m—g (o) — ;)) _? (C ~ %) % [ o( = )6( )_I_uﬂ(v—_uiﬂ(u)

2
y{lenj(u,n):%‘s("_”)g@ (CF+CA (1n‘_§2+1n(v)—1)) —% F
(




Conclusion

" Punchline: We calculated the anomalous
dimensions of subleading dijet operators in Soft-
Collinear Effective Theory — a step towards improving
theoretical precision in the thrust distribution,

allowing for an improved determination of as(Mz)

-
Still need O (A?) and (S(w))
renormalization.

Renormalization group equations must be
solved numerically




Bonus

. - 1 Collins, Soper,
| Inclusive Drell-Yan: pp — 171~ X l Sterman (1985)
d&,
oL dqde Z/wa fa /wa —fz(€a9 ,Ul)fg(fba “’)

T, Tp Aqcp
XHij( : 7q2au)+o( )

ga gb Q
H;;(p) Sensitive only to Q
(f-( ) Sensitive to low energy,
L non-perturbative physics




Bonus

Introducing more scales requires further factorization:

lThreShoId Drell-Yan: pp — 171 Xeost l

q> new scale
1 - Q1-7) < Q

s (2450 (g~ 57)

T =




Bonus

Collins, Soper,
|Thresho|d Drell-Yan: pp — 171~ Xeogt ll Sterman (1987) l
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H;j;(p)

Sensitive only to Q

S()

Sensitive only to Q(1 — 1)



Bonus

W, (x,00) = P exp (—z’g/ dsn - A (x + ﬁzs)>
0



Factorization

Factorization Theorem:

do = Z daf?rt ® fi(€a) @ f(&b)
tj

(inclusive)




EFT's and Factorization

Gran(w)| = C(w) (Gen ()|

p=A1

All OO (1) (G (1))

Renormalizing sums
subleading logs.

p=A1




Soft-Collinear Effective Theory

/ [ e\ 77
= C(p) , é; 10O (A)
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