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Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

Conformal group

e classically in d = 4, many theories enjoy Poincaré + Conformal symmetry

| # | finite action | generator of inf. action
translation | 4 Ty = Ty +ay P, =—io,
rotation 6 Ty — Wupx” My, = —i(zpuly — 20y — Xpv)
dilatation 1 Ty ATy, D=—i(z-0+Ay)
2
SCT 4 | zp = it | K = —i(2eux - 9 — 229, + 28 pxp — 2iVE,0)

Poincaré group: protected from quantum corrections

i[Pu,Py] =0, i[Mag, Pul = gauPp — 9uPa
i[Maﬁv M;.w] = gauMBu - gauMB,u - gBuMau + gBVMoz,u s

Poincaré + conformal group: broken by quantum corrections [3 # 0

iD,P,] =Py, DKy =-K,, iDMy]=0, iKy,K,]=0,
i[Maﬁv Ku} = ga,u,Kﬁ - gﬁuKa , i[Pl-“ KV} = —QQ;LVD T 2M,u,u 5
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Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

Conformal group on the light-cone

e light-cone coordinate

_ 2 2
ot =zt + zon” + o, n"=n" =0

e ultra-relativistic particles [V. Braun, G. Korchemsky, D. Miiller, (2003)]

o(z) = | p(zn) = o(z) —>  full conformal group »—>‘ SL(2,R) x Ex H ‘

¢ collinear subgroup SL(2,R)

® action
= b
z»—)z:az+ , a,b,c,d e R, ad —bc=1,
cz+d
5 1 b 1
w(z) = T ¢(2) = czt )P %) (Z:—td) , 7= §(l +s), conformal spin
® generators
8L =-08;, SL=20;+2z, Sj=z0;+7,
[S8,S%] = +8% , [S%,S%] =2S%, SL(2,R) algebra

n — particle: S+ o= Z Si,o, C= So(So — 1) + S4+S— <« Casimir operator
i

universimar
Seee
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Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

Scale invariance in QCD

e massless (bare) QCD in d =4 — 2¢

Sowe = [ a'o {aila = 3FLF" - 0D "

1 a,pm\2
+i(a“A )}

b

e renormalized QCD

fundamental fields: ¢, = \/Z, ¢, vertices: Z; ggAtiq, ...
72 ~
charges: o, = jFagiim=itaZ,  a=q/Un, &= Zat

in MS-scheme

[ee]

nz=>" Zje(;z) ) z;(a) are € — independent!
=1
. da = 9z1(a)
B-function: B, = p— = —2a (e =—2a|€e— ; =2
B-function: B udﬂ a (( + ﬂ(a)) a <( 9na Be 390

breaking of scale invariance (dilatation current)

Dy = i’ 0-D = f(a)0L/0a, = noscaleinv. ford=4,8+#0

UNIVERSITAT
SRER
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Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

Wilson-Fisher point

e stay in non-integer dimensions d = 4 — 2¢ [V. Braun, A. Manashov, (2013)]

de for Va., s.t. Wilson-Fisher fix point

scale invariance is restored! technically, B(a.) — —e

e consider leading-twist (renormalized) light-ray operator
Oy(x; 21, 22) = q(x + z1n)ihq(x + zan) ,  Oy(z1, 22) = Oy(0; 21, 22) main subject
satisfying RGE

(40, + B(@)Ba + H(a)) Oy (21, 22) = 0
(u@u + H(ax )) Oy (21,22) =0

H ~ simple pole in Laurent ¢ expansion

e Z is e-independent in MS-like schemes by construction

H(a) = aH® + a?H® + ..., H(ax) = a.H® + a2H® 4 ... o
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Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

QCD at critical point

e at the critical point with coupling a.

[S+,0(ax), H(ax)] =0

with S o(a«) obeying SL(2, R) algebra

[St(ax), S—(ax)] = 2So(ax)
[So(ax), S+ (ax)] = £S+(ax)

e S (ax) < Py = |S_(ax) =S_ | i.e., no quantum corrections!

e however, S;(ax) ~K_ and Sp(a+) ~ D receive quantum corrections!

1
So(ax) = So —e+ EH((I*)

1
S.;,_(a,;() = Sio) = (Zl -+ Zz)( = Ear §H(a*)) -+ Z12A((l*) 212 = 21 — 22

e A(a.) conformal anomaly: nontrivial information require diagrammatic calculations 2™
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Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

What’s the advantage?

an example

o Oy(z1,22) is SL(2) invariant classically (oblivious to ny: BZ fix point)

[Bukhvostov, Frolov, Kuraev, Lipatov (1985)]

SL(2) invariance = [So,+,HV] =0 = H%) = h(C)

C = S5 + So(So—1) quadratic Casimir operator

e 2} is the eigenfunction of H(a) to all orders (translational inv. 4 local OPE)

H(l)zlj\; = 7<\1>z1]\; ,| forward lim. — splitting function
U
= = 3 & e )
HY = 2Ce [T+ D +y(T-D-20s-35] C=JT-1) ~C¥

DGLAP+ERBL+GPD evolution
e diagrammatic calculation only needed for local operators. easy!
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Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

What’s the advantage?

e recipe for obtaining H®
e (1) find AUV, (for HV, AO) =0, trivial)

® (2) find anomalous dimension w(“ from forward kinematics (available upto high orders,
e.g, splitting functions)

e (3) from the nontrivial identities

[S+(ax), H(ax)] =0

obtain a series of commutation relations to the desired order in a, e.g.,

(s, H®] =0,
59, @] = 1D, As{],

o (4) write HO =H) +H with 5, H)] =0, solve H'Y) from comm. relations,

finally obtain Hj,, by matching (e.g., moments of splitting function)

O N _ (& N
H( )212 =N ?12 o
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Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

Conformal anomaly and how to find it

e nonfoward information of H contained in conformal anomaly A

e at WF critical point, two additional symmetries —> two (exact) Ward identities
consider

G(w; 2,w) = (O (0; 21, 22) Og (i wi, w2))

e scale Ward identity (SWI) (R%) [A. Belitsky, D. Miller, (1998)]

0 = pG(z; 2, w) = ([6D Oy (0; 2)]| Oy (z;w)) + (O (0; 2)[0p O (x; w)])
— ([0D SR]O(0; 2) Oy (z; w))

4

0= (Hau + B(a)ds +H) (a) + H(w)(a)> G(z; z,w) RGE; f restored

e conformal Ward identity (CWI) [A. Belitsky, D. Milller, (1998)]

0 = 0k G(; 2, w) = ([0 Oy (0; 2)] Oz (z; w)) + (O (0; 2) [0k O (z; w)])
— ([0 SR]O(0; 2) Oy (; w))
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Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

Conformal anomaly and how to find it

e implication of (exact) CWI [V. Braun, A. Manashov, (2013), (2014)]

S+ G(x; 2,w) = 28 271G (w5 2,w) + 2 / dly (7 - y) (N (1) Oy (05 2) O (3 w))

° ZS(f)Z_1 generates terms independent of A in S

e second term generates conformal anomaly, A [V. Braun, A. Manashov, S. Moch, M. Strohmaier, (2018)]
a
N = B v + EOM + BRST
a

EOM contribution o v,G(x; z,w) (functional IBP)

BRST operators have no contribution

LYM+ef insertion is difficult, utilize renormalizability in d = 4 to simplify (- - -)

AS4(a)G(z;2,w) = -+ — M/ddy(n':U)<[EYM+gf(y)]r[(9¢(0,Z)]r[(%(w;w)}r)

a

[---]+[: - -]» are separately renormalized u
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Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

Conformal anomaly and how to find it

o explicit expression for AS at ¢-order

1 1 ~
ASSf) = (5(2_1) o EH(Z)) (21 + 22) — o [H(Z)J’l ¥ 22] + 2124

° ﬁ(a) from modified Feynman rules [V. Braun, A. Manashov, S. Moch, M. Strohmaier, (2016)]
calculating A() from Green's function with LYM+ef (effective vertex) insertion

K@) = 2k (atanatan) [ aty (a5 4)04(0,2)) |

KR = extracting coeff. of simple pole

modified effective Feynman rules

gluon propagator  GOOOOO0 —  OOU_SOO

ghost propagator R I T = = --»O---

three-gluon vertex —
T

Zoominar, 31.12.2020 11/ 39
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Background Conformal Anomaly Evolution Kernel 0 CS in HQET Summary

Conformal anomaly and how to find it

modified effective Feynman rules (continued)
o500 = [JOOUO00G + ‘OUGO0O0L]
-->—O--- = O---»--- + e

z[JOO00000 y = (n-z) x 700000000

T[]---» -y =(A-T)X -nn-pmm -
shift operation 7 Yy x Yy . T y
O0000000Y = 0005000 700000000

A-x=n-(x—y)+n-y translational invariant

‘ d% gk 4
» DCTRTTy = 2igur [ e ™V EE — gDy @ —y), RE=1)
sometime convenient to shift 72 - « along quark and/or Wilson line

d .

21— — <— — 22 = (n-n)z12[z1n, 22n] Gauge link + Y
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Conformal Anomaly Evolution Ke from CS CS in HQET Summary

Conformal anomaly and how to find it

modified effective Feynman rules (continued)

LA A

(- y) X Vg

AN A

= gfete (g*Pn¥ — g"¥nP) modified three-gluon vertex

in [»YNI

o a

pc vb
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Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

One-loop conformal anomaly

e One-loop anomaly diagrams (+conjugated) [V. Braun, A. Manashov, S. Moch, M. Strohmaier, (2016)]

(a) (b)

diagram (a):

external (constant) positions (trivial) o ng

®---3- ® ®---3- ®---34®
: ;mﬁ w ; Lﬂﬁ T " Twﬁ w (two) external Hgi + modified gauge-link

SRER
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Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

One-loop conformal anomaly

diagram (b) (continued)

u
21 z57 22

1 1y _ a
= / doh(®) (a)/ du —G (235, 22), h®)(a) =4Cp=
0 0 du «

1 1 1 d _
= Ezlg(nﬁ)/ da h(b)(a)/ duud—g(z‘ﬁ“,zy) (% due to different norm.)
0 0 &

25 = Uzg +uzy
e S at one-loop order: summing up (a) + (b) + (conjugated):

1 =
50@ =52+ (o1 -+ 22) (B + JHO ) +212K0)]

—~ 1 Y
ADO(2, 20) = —2CF/ do (5 + lna) (028, 22) — O(21, 23)]
0 o

o o o e
at the critical point a — a«, B — —¢
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Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

Two-loop anomaly

e diagrams for two-loop conformal anomaly are generated from + (conjugated)

[V. Braun, A. Manashov, S. Moch, M. Strohmaier, (2016)]

(a) (0) (0) (d)
(e) (f) (9) (h)

(@) () (k) 0]
(m) (n) (0) (p)
by inserting a “bubble” on one gluon/ghost line/three-gluon vertex each time e
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Conformal Anomaly Evolution Ke from CS CS in HQET Summary

Two-loop anomaly

R------ (xl) R------ (l) 777777777777
=2 UUUUUUUUUU‘ uuuuuuuuuu’
(31) j2)

e example: diagram (k) with three-gluon vertex

e simplifications for quark and gluon self-energy

I - &
{3

SRER

(2)
P Ll |
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Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

Two-loop anomaly

e conformal anomaly to O(a?)

Si(a) =8 + 3 atas?, H(a) = Y o‘H®
(=il =11

1 1 ~
Asﬁf) = (5(2—1) + EH(‘Z)) (21 + 22) — % [H“),zl + 2’2] + 212A0)
~ 4 a
A(l)f(zl,zg) = —2CF/ da (Z +1na) [f (205, 22) — f(z1,257)]
0

A® f(zy,2) = /01 da /Oa dB [w(a, B) (F(25,251) — £, 281)) + (21 & 22)]

1 1
+ /O du /O dt (1) [F(=4, 2) — F(z1,250)]

explicit expressions for w(ca, 3) and () in (V. Braun, A. Manashov, S. Moch, M. Strohmaier, (2016)]
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Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

From conformal anomaly to evolution kernel

e commutation relation for three-loop evolution kernel ¢(a.) — —fB(a) in 4d

S+(a) = 59 + 3 afasl?, H(a) = > a'H®
=1

s, 5®) = @D, AsP]+ D, A5P)

e generically to all orders

1 a
[Hf)(21, 22) = Heonst f(21, 22) + /0 dex /O dB (o, B) (255, 22)

L a
+/ da —g(a) (2f(21,22) — f(21a, 22) — f(21,251))
0 «

therefore [SEFO),H(Z)] — diff. eqns. on h(a, 8) and g(a)

o H = Hipy + Hyiny HDES. on hiny(a, B), Ginv (@) = hinv(a, 8) = T (%g) , ginv = Dousp
[B. Basso and G. Korchemsky, (2007)]
e H,;,, from commutation relations
o finally, fix hiny(c, 8) by matching forward A.D. v(N) = Yinv (V) + Yninv (V) with testing
function f(z1, 22) = 2{¥,, Mellin transform wlosgm
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Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

From conformal anomaly to evolution kernel

e Similarity transform [V. Braun, A. Manashov, S. Moch, M. Strohmaier, (2017)]

U : [O(z1,22)] = [O(21, 22)]Y = UO(21, 22) = X2 O(21, 20)

such that

S_(a) =US_(a)U"! =5_(a),

So(a) = USo (@)U~ = 5 + B(a) + %IUH(a)]Hrl =59 1 B(a) + %H(a) :

S+(a) =US+(@U ! = 89 + (21 + 22) (ﬁ(a) +F %H(a))

therefore

(50, XW] = 21,AD)

(0) (@) _ ) 6) o) L g @
[S17, XM] = 2z12A + [X ,2’1+22] (50+2H )-l— 5 [X s 212 ]

no conformal anomaly for bold-font operators, simpler commutation relations -
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Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

From conformal anomaly to evolution kernel

; () 0) ¢®
o further define operators T;" with [S}’, H ] =

[S(()?)_vT(Z)] :07 [S.(i,_O)vT(l)] = [Hi(i\);vzl +Z2]7
SO, 1@ = HP, 21 + 2], S, 1] = [TD, 21 + 23]

inv?

choosing HY) = H")

inv inv

Hfir)lv = 07
H® — @ (50 i EH(U) + EO, X0,
H® — F(H( ORI (OR OR OIS '€ /80”31)

e complete analytical expression for H(2) (checked)
e semi-analytical expression for Hfg\), & diagonal in ADM. in Gegenbauer basis from splitting

functions [S. Moch, J. Vermaseren, A. Vogt, (2004)]

e analytic off-diagonal ADM ~,;n obtained with 1 < M, N < 7, sufficient for pheno. studies
[V- Braun, A. Manashov, S. Moch, M. Strohmaier, @42 vy

SEee
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Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

One-loop kernel beyond leading-twist

o one-loop kernel upto twist-4 obtained from conformal symmetry (without diagram calc!)

[V. Braun, A. Manashov, J. Rohrwild, (2009)]

complication: operator mixing of equal twist

® 2 — 2 operator mixing: Hy; in 2 X 2 matrix form, commutes with SO(4,2) (full)
conformal Casimir C2, —> Hyp, = f(C},). spectrum of Hy; uniquely determined by
leading-twist kernel, fixing Hy; completely in terms of SL(2, R) invariants and
intertwining operators [N. Beisert, G. Ferretti, R. Heise and K. Zarembo, (2005)]

® 2 — 3 evolution kernel: remarkably completely fixed by corresponding 2 — 2 kernels,
EOM and Poincaré symmetry [V. Braun, A. Manashov, J. Rohrwild, (2009)]

e confirmed by explicit diagrammatic calculations, results available in mom. space

[YJ, A. Belitsky, (2014)]
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Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

Coefficient functions from conformal symmetry

Conformal symmetry also applicable beyond evolution kernels
e leading-twist Wilson coefficient functions for DVCS analytically at two-loop

o exploiting conformal OPE of two EM currents T{j,(z1)j.(z2)} at critical point and
matching to DIS coefficient functions (C2,Cr)
¢-loop DVCS CFs require ¢-loop DIS CFs and (¢ — 1)-loop conformal infos. from H calc.

o checked explicitly for one-loop DVCS CFs

e directly applicable to EIC; numerically ~ 10% two-loop corrections

[V. Braun, A. Manashov, S. Moch, J. Schoenleber, (2020)]
e all twist kinematic contribution to DVCS from conformal OPE [V. Braun, YJ, A. Manashov, (2020)]

e nontrivial for nonfoward kinematics, completely fixed through DIS CFs

e important for evaluating target-mass corrections and checking factorization

[V. Braun, YJ, A. Manashov, (to appear)]
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Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

Leading-twist distribution amplitude in HQET

Definition [A. Grozin, M. Neubert (1997)]
(0[a(zn) #lzn, 0]v5ho (0)] | B(v)) = iFp (1) @+ (2, 1)

e v, is the heavy quark velocity
e ny is the light-like vector, n? =0, such that n-v =1

e The twist-2 LCDA @ (z — ¢0, p) is an analytic function of z in the lower half-plane

Fourier transform

o0
1 .
brlo) = oo [ e,
—oo
oo
(o) = [doe 6y (wn).
0

e w > 0is the (2x) light quark energy in the b—quark rest frame
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Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

One-loop evolution of leading twist DA

0 0
e RGE (u% + B(a)% + H(a))<I>+ (z,u) =0, [B. Lange, M. Neubert (2003)]

with H being the evolution kernel, usually presented as an integral operator.
e One-loop evolution kernel

HO®, () = 4r { i) + 1/204 () + [ du [0 Geop) — @m0

where 1 = 77 Migs and @ = 1 — . [A. Grozin, M. Neubert, (1997); V. Braun, D. lvanov, G. Korchemsky, (2004)]

e Solution to one-loop RGE [G. Bell, T. Feldmann, Y.-M. Wang, M. W. Y. Yip, (2013); V. Braun, A. Manashov (2014)]

1 oo
Dy (z,p) = 2, dsse

is/z

N+ (s, 1),

as (1)

2Cp |
77+(37/J‘) = R(S,M u0)77+(s7u0) ) R(svﬂv HO) o s Po SETIC

Come back later!
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Conformal Anomaly Evolution Kernel CFs from CS CS in HQET

Solution to one-loop evolution of higher-twist DAs (1)

e One-loop evolution kernels of three-particle DAs are pairwise.
Example

—2iF (1) ®3(21, 22, 1) = (0] 7(21)gGuv (22)n" 0" 1510 (0) | B(v))

where the one-loop kernel takes the form ’H(l) = ’H(l) TF ’Hé;) IF ’HEZ;) with
2 e = o { [ 2 1760 - ap(@a] + finan) - 2] o0}
1
G 1Ce2) = N { [ %2 (1) = )] + [iinsn) = 3| 1)}

1
d @ _ a
[H$Y ol(21, 22) = Nc{/ ga [20(21, 22) — Gp(2i, 22) — @ p(21, 251)]
0

3 2 ! ! 2 « B
—?P(Zl,@) A do ; dB B (212, 231) ,

where 2?2 = (21 + Z2. [M. Knédiseder, N. Offen (2011); V. Braun, A. Manashov, J Rohrwild, (2009); YJ, A. Belitsky (2014)]
e Solution?

Yao Ji (University of Siegen) Conformal symmetry in QCD Zoominar, 31.12.2020

Summary

26 / 39



Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

One-loop evolution of higher-twist DAs (2)

e RGE for ®3(z1, 22, 1) is integrable at large N. limit.

Two conserved charges (hidden symmetries)

[Q1,Q2] = [Qh?{gg] = [QQ,HEI};] =0

explicitly [v. Braun, A. Manashov, N. Offen (2015)]

Q =1i(S] +57),

9
_ 9t ot (gto— 1 0G0y _ ;60 (0ot _ O+
Q2*ZZSQ —iSg (S5 8g +54587) —iSg (S84 — S557)

from Quantum Inverse Scattering Method (QISM) (e suyanin (1992)]
St =220, +2jz,8° = 20, + j,8~ = —9,, j conformal spin.

e Two DOF in <1>f§3> - Hgs) and {Q1,Q2} share the same eigenfunction.

e Integrability of RGE < Integrable spin chains [v. raun, vJ, A Manashov (2018)]
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Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

One-loop evolution of higher-twist DAs (3)

e Solving for eigenfunction of {Q1,Q2} leads to (complete orthonormal basis)

o) = [~ 5 W () )+ [ dsdo(aviss) o (s,
ss. = [ s e YOI + 5 [ dem(aw Vis,zlw)],

where Y;O)(s|g) =Ys(s,z =1/2|w) and

1
1 —1
Y3(s,z|w) = 7/du Vauswy Ji (2v/uswy) we J2(2v/Tsws) 2 F1 ( z 1?5,2 24_LT| — g)
0

u

Solving RGE for ¢3(w, i) up to 1/N2 gives

n3(s, z, 1) = L3P0 R(s; p, o) m3 (s, x, po)
13 (s, 1) = LNe/PoR(s; p, pio)ns” (s, 110)

where L = O‘S((:O and vy3(z) = N[¥(3/2 + ix) + ¥(3/2 — iz) + 2vE].
e 1/NZ~ O(107') taken perturbatively

Yao Ji (University of Siegen)
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Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

One-loop evolution of higher-twist DAs (4)

e RGEs for twist-4 DAs are also integrable [v. graun, vJ, A. Manashov (2017)]
Light fields mixing: kernels of 2 X 2 matrices. [V. Braun, A. Manashov, J. Rohrwild (2009); YJ, A. Belitsky (2014)]

Three conserved charges {Q1, Q2, Q3}

1 o0
t@=y [ d [ donfDsmwyPe k),
0 — 00

2

(Vg 4 U4)(w) = / ds/ da:r/<+)(s z, 1) Y4(2)(s z|w),

@i-F0@ =2 [~ (52 ) {606+ 7 dam(s,0.) Vil o) |

—/ ds/ da:%iﬂ(s,a:,u) Zi;)(s,r@),
0 —o00 ’

2

it (s, 2, 1) e L)/ B0 R(s; p, po) nH (s, z, o)
2

%‘(;)(871’“) 0(141\/(,) LAM(J:)/BOR(S;“’ uo)%ff)(sm,uo)

e Redundant operators are traded for others using EOMs and Lorentz symmetraf'.
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Conformal symmetry of heavy kernels

what about heavy kernels??
° Hl(il) commute with special conformal generator of light field S, ~ v*K, but not Sp

(S, HP] =0, [So,H"]=4Cr =T8,

[M. Knédiseder, N. Offen (2011)]

solution: 7-[](11) = FE.}QP In(iuSy) + const | (for Ogp, = G(nz)yTh(0), j = 1)

e light — heavy reduction [V. Braun, YJ, A. Manashov, (2018)]

oA

’H(l) — Hagn = Eus)p In(ipS+) + const

)y \—1g(M)
s 5 a7t

—

e eigenfunction of H( ) coincides with that of S,

els/z

Qs(2) = —

[V. Braun, A. Manashov (2014)]
22
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Conformal symmetry of heavy kernels

e Proposition: Hi=2

= Teusp(a) In(ifiS+) + Ty (a) | to all orders
Evolution kernels in the MS-like schemes are e-independent

Exact conformal symmetry in d = 4 — 2¢ at the critical point S(a+) =0

1) [ gfull ’H ( *)] -0

Conformal generators receive quantum corrections

why?

SO =228, 4 22 SM(a.) = 8 + 2 [—e + Aad)]

+HiZ2(ax)

S(()O) — 20, +1— S(f)ull(a*) _ S((JO) _
A(a*) = a*A(l) + azA@) +

. is called conformal anomaly satisfying
from (1) and SL(2) algebra =

In /12 enters =2

(2) [ZBZ, Sfull( )] Sfull( )

only linearly with coefficient I'cusp [G. Korchemsky, A. Radyushkin (1992)]

(3) [20z, Mk *(ax)] = Feusp(ax)

(1) = M) = (5" (an)) L zf

l
*

= Lcusp(ax) = Proposition ) [
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Conformal generators at one-loop

e Two-loop evolution of twist-2 DA |v. Braun, YJ, A Manashov (2019)]

Hy2 () = TG (ax) (iESY () + TP (au)
S_(‘_l)(a*) = SS_O) +2(—e(ax) + a*A(l))

= [ie"E = pys B

Al

e(ax) = —foax + O(a?)

One-loop conformal anomaly four one-loop diagrams

a90() = ce f30() +2 [ "o (2 +1ma) 06) - 0@}

e The scheme-dependent constant Ff) (a) is found from Feynman diagrams
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Two-loop kernel in integral representation

e Integral representation for 7}=2 is usually preferred

Ansatz

L a
H(a)O(z) = Ceusp(a) [ln(zﬁz)@(z) + /o do = (1 + h(a, @) (O(2) — O(&z))} + 7+ (a)O(z)

o AWM and €(a.) = —Boa. + O(a?) dictate h(a,a)  going to Mellin space

h(a, o) = alnd{b’o —2Cp (§ -I—lng + mfa)}+0(a2)
2 a a

e 74+ requires additional calculation scheme-dependent, vy, = v+ —YF

T 5 21 n? 83 2n? 35 7
= —aC Crpi4Cp | =+ — —6 Cal|l—-=" -6 ===
74 (a) aCF +a F{ F|:8+3 C3| +Ca 5 = ¢s | + Bo ST 4
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Two-loop kernel from Feynman diagrams

There are ~ 30 diagrams in three categories:
e Exchange diagrams

e Cusp diagrams

e Light vertices

Yao Ji (University of Siegen) Conformal symmetry in QCD Zoominar, 31.12.2020 34 /39



Background Conformal Anomaly Evolution Kernel CFs from CS CS in HQET Summary

Two-loop kernels from Feynman diagrams

e Exchange diagrams contribute to both h(a, ) and 4 (many are UV-finite)
e Cusp diagrams generate ~ In z and contribute to v+

e Light vertices contribute to h(a, @) only, known

[V. Braun, A. Manashov, S. Moch, and M. Strohmaier (2016)]

e h(a,a) confirmed by explicit Feynman diagram calculation!
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Light-heavy reduction

e Evolution kernel of O = g(nz1)ytq(nz2) in integral form

el z) o [ duh) [26t61,22) — (et 20) ~[wCer, 80|

1 u
4 / du / & 5ty 0) [, 220) -+ oy 2201 | - csplon, 20)
(0] 0

o drop terms in boxes and z2 — 0 to obtain HS* + Y.
* Location of the heavy quark is fixed!

Explicit expressions for HZ(Q) available [v. Braun, A. Manashov, S. Moch, M. Strohmaier (2016)]
e Adding contribution of cusp diagrams again gives us ’Hf).
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Evolution of the coefficient function at two-loop

Reminder (Qs(z) form a complete orthonormal basis)

o) = [ dssQu@ne(e) = = [ dsse )

e RGE of ¢(z,u) — integro-differential eq. over 74 (s, 1) [V. Braun, YJ, A Manashov (2019)]

<M% + 5(‘1)% + Deusp(a) In(fe™ s) + 'yn(a)) n+ (s, 1)

1 _
:4CFa/ du%h(a,u)m.(ﬂs,u)
0

— 2 2
) R R R )

e NNLL resummation requires T'cysp to O(a®) since numerically In(s) ~ 1/a
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Evolution Kernel CFs from CS

Analytic solution of the two-loop RGE

e Operator O(z) in Mellin space

o[

dj (ips €7 2)° O(j)

gives rise to the Mellin-space RGE:

CS in HQET

0

9 .
(ua_ﬂ + /B(a)% — Fcusp(a)a—j aF V(.]va)

0

>(’)(J}a7u) =0

explicit expression for V(j,a) at two-loop available in |v. graun, vJ, A Manashov, 1912.03210]

e Mellin moment j as the second coupling, with I'c.s; as the S-function
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Conclusion and Outlook

Conclusion

e conformal symmetry is extremely powerful for loop/OPE calculations in
nonforward kinematics (DVCS, meson production/decays): one-loop less

e applicable to calculating kernel and solving RGE in HQET
Outlook for future work

e two-loop coefficient functions for axial-vector currents to appear soon
o coefficient functions for heavy meson decays from conformal symmetry?

e one-loop correction to kinematic higher-power/twist

Yao Ji (University of Siegen) Conformal symmetry in QCD Zoominar, 31.12.2020



	Background
	Conformal Anomaly
	Evolution Kernel
	CFs from CS
	CS in HQET
	Summary

