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Light-Ray Operators
@ light-ray operators (simple example)
O(z1,722) = 0(21)[z1, 22]Fa(22)
@ heavy-light operators

On(z1,22) = hy(z1)[z1,22]q(22)

g: light quark fields
z"* = zin* =

. . ~ Z;
light-like vectors n, n

@ more general

On(z1,...,70) = S(®(z1) ... (), ®(z) = [0, z]®(z)

S: color tensor, : heavy or light field, for heavy quark z; — 0
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Applications and Motivation
Phenomenological Applications

@ factorization theorems in exclusive decays

Bonlv — F=Ci& +ds*Tixo-
Boar — FiT'xdr+ ¢p* T2 * b * ir

/\b—>/\’7 — W/\*T*W/\b

F;: form factors 7; scattering amplitudes

@ distribution amplitudes

(0d(z1)[z1, z2]Ta(z2) 7 (P)) ~ &7, Dy D
(0|h; (0)[0,z]ra(z)|B(p)) ~ g (2), ¢ (z)
€°°(0]9*(z1)CTa°(22)G (0) Ao (p)) ~ W2, W3, W3, W,

Distribution amplitudes classified by twist of light degrees of freedom

@ mainly ¢\, ¢} and W, needed
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Some Formalities
Conformal Invariance

@ conformal group is extension of Poincaré-group that leaves the
light-cone invariant x? = 0

@ includes Lorentz-transformations, translations, scale transformations D,
special conformal transformations K # [15 generators]

XH 4 akx?2
XH — X" = \xH, XH — XM = 55
1+ 2a-Xx+ ax

@ action S of massless QCD is conformally invariant
@ conformal symmetry is broken at one-loop level due to conformal

anomaly
opS ~ (D - 4)/d4x EGWGW(X) 4+ }
5 S ~ (D —4)/d4x2x“ {%GHVGHV(X)"‘"'}

@ one-loop counterterms inherit symmetry from the action
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el izl
Collinear Conformal Group SL(2,R)

@ for fields on the light-cone z; = z;n, n? = 0 conformal group reduces to
collinear conformal group SL(2,R)

@ SL(2,R) has three generators : translation S_, special conformal
transformation S; and dilatation plus Lorentz-rotation Sg

[So,S+] = £Su4, [S+,S-]=—2Sp

@ fields (and operators) can be classified by conformal spin (dimension
plus spin projection on the light-cone) and conformal twist (dimension
minus spin projection on the light-cone)

@ renormalization of light-light light-ray operators which furnish
representation of SL(2,R) has to commute with group transformations

@ useful for classification: spinor representation of fields
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Introduction Some Formalities

Spinor Notation |

@ coordinates

Xo + X3 Xg — iXo Xy W m .
Xaa = 0P . X, = ; = _ ot = (1,8
o G TH <x1-|—|x2 Xo — X3 W X /7 (1,5)

@ introduce two light-like vectors n? = i = 0 with auxiliary spinors \,
Nag = Aadas  Pag = flalla

so that

=ZAoAa + Zptafic + WA g + Wa s

Xaér
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el izl
Spinor Notation |l

@ fields

q:<%}q>, d=(x*,%a)

x?

Fa,@,d,@ aaaaﬁBFW =2 <€dgfaﬁ — €a,8fd5)

@ plus/minus-components

Yy =A% x4+ = AO_‘Xa 1_:++ = i‘o_?\éiaﬁ
Py =X%s X+ =A% Fp = A9MF,
Y- = p*Yq B = MO‘% fi_ = )‘a:uﬁfotﬁ
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Introduction Some Formalities

Spinor Notation Il

@ fields

Yo _ -
q=<gﬁ- ) d=(x" va)

Faﬂ,dﬂ aaaaﬁﬁl:lw =2 ( fag — €aﬂfag>

@ plus/minus-components
| | Py | fis | P | fi— | D49+ | D_ifis |

i 1 [3/2] 12 | 1 3/2 2
E| 1 | 1 2 2 2 2
Hl1/2] 1 | -1/2] 0 3/2 2

‘ J,E,H: conformal spin, Twist, helicity ‘
same quantum numbers for antichiral fields except helicity

@ operators build out of light fields furnish representation of SL(2,R) with
definite conformal spin and twist
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Some Formalities
General Considerations

@ a generic light-ray operator mixes under renormalization with operators with the
same quantum numbers
O(‘b), = ZikOk(d))

@ anomalous dimension

d 1 (673
= —pu—77" = =N
vy I d 1 s vy o
is of block diagonal form operators with N fields can go to operators

with N+1 fields not other way round
@ diagonal elements consist at one-loop out of products of 2 — 2-kernels
@ off-diagonal elements consist at one-loop out of 2 — 3-kernels
light-light case

@ operators of different twist do not mix
@ 7{ constrained by conformal symmetry
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@ a generic light-ray operator mixes under renormalization with operators with the
same quantum numbers
O(‘b), = ZikOk(d))

@ anomalous dimension

d 1 (673
= —pu—77" = =N
vy I d 1 s vy o
is of block diagonal form operators with N fields can go to operators

with N+1 fields not other way round
@ diagonal elements consist at one-loop out of products of 2 — 2-kernels
@ off-diagonal elements consist at one-loop out of 2 — 3-kernels

light-light case heavy-light case
@ operators of different twist do not mix Q2
@ 7{ constrained by conformal symmetry Q2
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S LS
Light-Light/Heavy-Light Case

@ quasi-partonic operators

» operators build of “plus”components Twist = number of fields e
» closed under renormalisation H
» kernels known for long time S

@ non-quasi-partonic operators

» mix under renormalisation with quasi-partonic operators

» renormalisation can be reconstructed from H H H

guasipartonic case by conformal symmetry
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el izl
Light-Light/Heavy-Light Case

@ quasi-partonic operators

» operators build of “plus”-components Twist = number of fields o
» closed under renormalisation H
» kernels known for long time o

@ non-quasi-partonic operators
» mix under renormalisation with quasi-partonic operators

» renormalisation can be reconstructed from H H H

guasipartonic case by conformal symmetry

@ goal of this project

» mixing and symmetry constraints for heavy-light operators
» which symmetry holds? H H H H
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Symmetries For The Heavy-Light Case

@ heavy quark does not furnish any representation of the conformal group but can
be represented as Wilson-line along v*-direction times a sterile field

(0) = Pexp {igs | OOO dav” A (av) } o(~o0)

ve=1
@ line is left invariant by dilatation D
@ line is left invariant by special conformal transformation along v*-direction
COXVEEXPVE X y
C142x+x?2 T 14X

xM =xvh: x™ "

@ for fields living on the light-cone v - K reducesto S..
@ problem, with static heavy quark

[V-K,H]On(z) =0, [D,H]On(z)=0

only possible for a constant Op = hy(0)®(2)

@ contradicts known results
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Interpretation |
@ take path integral
/ [DP](O(®) + AO(D))eSrIPHH [ d** @A _ finjte

AO(®): counterterm
Al sources

@ change of variables ¢ — ¢ + §,% does not change integral

/[w] exp{iSR +i /d“x m} (6.0() + 62 00(S))

- /[D¢] exp{iSR +i/d4x¢>\} <5asR —i/d4x>\6a¢>

X (O(®) + AO(P))
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Interpretation |
@ take path integral
/ [DP](O(®) + AO(D))eSrIPHH [ d** @A _ finjte

AO(®): counterterm
Al sources

@ change of variables ¢ — ¢ + §,% does not change integral

/[Dd)] exp{iSR +i /d“x m} (6.0() + 62 00(S))

- /[D¢] exp{iSR +i/d4x¢>\} <5QSR —i/d4x>\6a¢>

x (O(®) + AO(P))
@ red terms on right hand side determine difference §,AO — A, O

5,00 — A5, O = /[ch] exp {iSR +i /d“x d))\} 5.5k x O(®)
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A Short lllustration

@ calculation of
0o DO — A6,O = /[D¢] exp {iSR +i /d“x qu} 8aSr X O(®)

O(®) =hyvy(z)and 6o = a dp
in Feynman-gauge to O(«s) amounts to calculating the following diagrams

® (D —4) [ dPaxGuy GHY (2)
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A Short lllustration

@ calculation of
0o DO — A6,O = /[D¢] exp {iSR +i /d“x qu} 8aSr X O(®)

O(®) =hyvy(z)and 6o = a dp
in Feynman-gauge to O(«s) amounts to calculating the following diagrams

® (D = 4) [dP o Gy GHY (2)

@ two diagrams do not contribute for gauge invariant operators

omit subtleties related to variation of gauge-fixing terms

1

€

@ remaining diagram (1)
~ rcusp

calculation in light-cone gauge more appropriate for our purpose but less instructive

1
~rw 1
Gy
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Interpretation Il

@ therefore counterterm Adp O(P)

AsH0(®) = 5500(0) +TD_Loo)

Cusp E

rw

Cusp responsible for breaking of scale invariance in one-loop

renormalization of heavy-light operators

@ in other language symmetry relations for heavy-light renormalization
kernels:

[D,H]On(z) = TEh,On(z)

[V~K,H]Oh(2) = 0

relations for gauge-variant operators only valid in light-cone gauge

@ one-loop 2 — 2-renormalization fixed up to a constant by symmetry
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General Form

@ action of symmetry generators can be represented by differential operators

v-KO(z) = (2°0; + 2j2)0(z), DO(z) = (2, +1)O(2)
j : conformal spin of light field

| : canonical dimension of light field

® [D,H]On(2) = [, On(2):

= [H On](z (/ daf(a)On(az) + rglu)sp log(ipz)On(z) +A(’)h(z)>

C: color-structure

@ [v K, H]On(z) =0:
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Explicit Calculations 2—2-Kernels

Explicit Calculation
@ calculating in coordinate space
@ using light-cone gauge
@ 2 — 2-kernels

ho(z1) Y (22) hu(z1) Fr+(z2) v(21) P (22) hu(z1) Fr—(22)

[

HO@z) = C /O 99 (0(z2) - a7-20n(a2))

@ confirms theoretical considerations

(07

+ TG 10g(i12)On(z) — 0hOh(2) — T4(0)On(2)

4(g)* quark- or gluon-field renormalization constant

op: heavy-quark renormalization constant
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Explicit Calculations 2—3-Kernels

Explicit Calculation Il

@ calculating again in coordinate space
@ and using light-cone gauge

@ 2 — 3-kernels for hy¢_ and h,f, _

hu(z1) Fr-(22) ho(z1)

ho(z1) ¥ (22)

2’% ho(z1) $—(22) ho(21) Fi=(22)

21) fi=(22) hu(z1) Fi-(22)

@ results coincide with the light-light case if h, is substituted by ¢,

@ [cusp appears only in 2 — 2 kernels
@ operator-mixing purely governed by light-degrees of freedom

Heavy-light light ray operators Khodjamirianfest 13.10.11 17/19

Nils Offen (Universitat Regensburg)



Conclusions

@ 2 — 2-kernels fixed up to a constant by conformal symmetry

» used properties of Wilson-line in v-direction under conformal
transformations
» exhibit general form for all light degrees of freedom

@ 2 — 3-kernels coincide with light-light case if h, is substituted by .

» no % or log(ipz)terms
» mixing seems to be governed solely by light degrees of freedom
» no extraordinary mixing seen

@ 2 — 2-and 2 — 3-kernels can be used to build renormalization of
generic many particle operators including a heavy quark
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|
B-meson/Ay, Distribution Amplitudes

@ B-meson distribution amplitudes

® hj(0)fsq(z) — hv(0)¢4(2) g
@ hj(0)ysa(z) — hv(0)y(2) ¢
@ h}(0)G,.n"~!iysq(z) — hy (0)f 4 (uz)x+(2) Wa— Wy
@ hj(0)G,n"y firsq(z) — hy (0)f 1 (uz)x-(2) WA+ Wy
@ Ay-distribution amplitudes

@ kuTi(z;)Crspid! (z2)hi(0) — eyl (21)¥, (z2)h§ (0) v,
® ckuT-(21)Crsdi(z2)h(0) — e, (z1)¢ (22)h(0) Vi
® kuT+i(21)Crs0,,nfi7di (22)hl (0) — ¥yl (21)0, (z2)hf(0) g
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