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GRAVITY IN FLAT SPACETIME: CHESHIRE CAT
GRIN

“Well! I've often seen a cat without a grin,’ thought Alice 'but a grin without a cat! It's the most
curious thing i ever saw in my life!”

— Lewis Carroll, Alice in Wonderland
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MANIFESTATION OF THE GAUGE CHIRAL ANOMALY

Accounting for quantum field effects in hydrodynamic equations
[D.T. Son, P. Surowka, PRL, 103 (2009) 191601]:

- Generalization of [L.D. Landau, E.M. Lifshits, Hydrodynamics, vol. VI. Nauka, 1986]

Conservation equations: Quantum chiral anomaly Second law of
N + C + thermodynamics
1% 1 % A
(%T“ —_— F I <8pjﬁ> — _ggwjaﬁFw/Faﬂ a'usu Z O

Il e

o
CME: 4" = CusB* and | CVE:  jh = Cp2w”

* In [Shi-Zheng Yang, et al. Symmetry, 2022] and [M. Buzzegoli, Lect.Notes Phys.,
2021] it was shown that in the global equilibrium [F. Becattini. Acta Phys. Polon. B,
2016] :

E
08 =0 =D

for a non-dissipative fluid, only the current conservation condition can be applied
instead of the entropy non-increase law.




MODERN DEVELOPMENT AND THE PROBLEM

A whole set of similar effects has been found at the intersection of quantum field
theory and hydrodynamics [M. N. Chernodub et al. 2110.05471].

Experimental search is in progress:

 CME not yet found in ion collisions at RHIC [D.E. Kharzeev et al. 2205.00120].

 Condensed matter copies of the effects are found in semimetals [Qiang Li et al.
Nature Phys. 12 (2016)].

What about the gravitational chiral anomaly?

« A connection between the thermal chiral effect ja ~ T and the gravitational
anomaly is predicted [K. Landsteiner et al. Phys. Rev. Lett., 107:021601, 2011].

 However, the anomaly grows (V j“) _ (S — 233)
rapidly with spin [M. . Duff, 1982]: Bl AlS 9672,/—g

* For the thermal CVE - the linear dependence on spin [GP, O.V. Teryaev,
V.I. Zakharov, Phys. Rev. D, 102(12):121702(R), 2020].

vpo KA
ghvp R/u//i)\Rpcr

How does the gravitational chiral anomaly manifest itself in

hydrodynamics? Can the analysis [D.T. Son and P. Surowka, PRL, 2009] be
generalized to the case of curved space-time?




HYDRODYNAMICS
FROM

THE GRAVITATIONAL
CHIRAL ANOMALY



DECOMPOSITION OF THE TENSORS

The classification of hydrodynamic effects in curved

space-time needs the expansion of

the tensors into components defined in the rest frame u,, = (1,0,0,0):

Thermal vorticity tensor " acceleration:
[M. Buzzegoli, E. Grossi,

F. Becattini, JHEP, 10:091, 2017] < vorticit
vorticity:

1
D = =5 (Vuby = VuB)

Riemann tensor In [L.D. Landau, E.M. Lifschits,
Course of Theoretical Physics,

Ruvas :> Vol. 2] it is shown that it can be

decomposed into 3 three-
dimensional tensors:

Aik, Bik, Cig :>

\.

_ v

1
Wy, = —=

Z

V,_ Qo

Covariant generalization
A = u®uP Rayp,

1
Bli = 5 Capnpl uﬁRg,/”p

1
Com =

B pnpAy

4

e Transform to Aika Bz‘k; Czk in the rest frame Uy = (1 O O O)

,uv_():> A,uV: ,uua A’Z:O,

Have similar properties. In particular, we apply the condition (gravity is an external field):

B, = By, :> 10 components



GRADIENT EXPANSION IN THE CURVED SPACETIME

The gravitational chiral anomaly has the 4th order in gradients - it is to be related to
the 3rd order terms in gradient expansion of the axial current.

Hydrodynamic expansion of the axial current up to the 3rd order in gradients:

vK—Q:vive in flat spacetime

(3> = &(T )w w,y, + &(T )CVQ’UJM + &3(T) (qw)w,,

‘|‘€4( ) pr W ‘|‘E5( )B;WCLV
~ A

arbitrary coefficients f "gravitational” currents

I_—L> Substitute to the anomaly: vujfj} — C/VGNVO‘BRW/APRQBAP

Global thermodynamic 7 in particular:
equilibrium [F. Becattini, Acta i
Phys. Polon. B, 47:1819, 2016.] ) V,1 = T*«, Luttinger relation

VB +V.,8,=0 |V, = T(—gu(wa) +o,w,) — T_lB,/M

\.




CONSERVATION EQUATION: SYSTEM OF EQUATIONS

Vidhe) S-(0w)w® (=376 + T +2T¢)
+(aw)a® (=3T& + T°8, — T3 + T7¢;)
LAt w” (T2 + 3T6 + 2T 6 + T7'&s)
Independent + B, whw” (_2T_1€1 — 3184 - T€5)
peidoscairs LB, ata” (T2 — T — T716s)
+ A B (T + T7 ')
= 32/ A B™ . Gravitational chiral

u anomaly

The coefficient in front of each pseudoscalar is to be zero - the system of
equations for the unknown coefficients ¢, (7).




SOLUTION: KINEMATICAL VORTICAL EFFECT

The system of equations has the form: The solution looks like:
( —3T¢ + T2 + 2T = 0, (=0
—3T¢& + T2¢) — T&; + T2¢4 = 0, M= 8N — %
T2, +3T&s + 2T 16+ T3 = 0, 4 A\
< —1 L :> )\5 — 24¢/V — —
=216 —3T¢ —T¢& =0, 2
T —T&—T7'6 =0, M=
\ —T '+ T - 324 = 0. | 32

(if there are no dimensional parameters other than temperature T)

&1=MT°, & = NT° ..

* A3 = (0 - conservation of current in flat space-time [GP, O.V. Teryaev, V.. Zakharov,
Phys. Rev. D, 105(4):L041701, 2022].

S o

— N - fixes the relationship of the axial current in an accelerated and

32 vortical flow with a gravitational chiral quantum anomaly.




GRAVITATIONAL ANOMALY INDUCED CURRENT

Let's move on to the limit of flat space-time. Despite the absence of a

gravitational field, there remains a contribution to the axial current
iInduced by the gravitational chiral anomaly:

’

]';4 — >\1 (wl/wy)wu + )\Q(CLVCLV)/LUM <:| R,UVO‘B —(
1 A1 — Ao
32

=N &G Vuhk=AN"PR s, Rap™

A new type of anomalous transport - the Kinematical Vortical Effect
(KVE).

Does not explicitly depend on temperature and density —» determined only
by the kinematics of the flow.




KVE AND UNRUH EFFECT

« |tis possible to distinguish conserved and anomalous parts of the current:

/ ————
., gl A ' Thermal vorticity t d w? — g2 o |
Ju = Ju(conserv) —|—]M(an0?/~,‘ ermal vorticity tensor squared o* —a* = ~ @, =" |

Y4

_____________________________________________________________

< j;?(anom) - 164/1/{((,02 o CLQ)CUM o AMVWV + BMVCLV} |:> v'uj;?(anom) — ‘/I/GMVQBRMV)\pRaﬂAp

A1+ A 1 1
-A 1 2 v v )
\ Ju(conserv) — 2 {(wQ + a’z)w# o §AMVw - §Blﬂ/a’ }:> vM-],Z?(conserv) =0

« Consider the term with acceleration
from the anomalous part of the current:

* Unruh effect [W.G. Unruh, 1976] - in an accelerated frame there Ty = |a|/(2n)
IS a thermal bath of particles with the Unruh temperature: B = [ %

é 2
Substitute |a|— 27Ty : j4 %% for spin %2 - standard CVE

p(anom) —

LA 2
G =8 @

<
‘ j;?(anom) = 647° N T(wau | thermal CVE current is proportional to the anomaly!
.

 Match with [K. Landsteiner, et al. PRL, 2011] and [M. Stone, J. Kim. PRD, 2018], where
thermal CVE ja ~ T2 is associated with the gravitational chiral anomaly!




VERIFICATION:
SPIN 1/2




TRANSPORT COEFFICIENTS AND ANOMALY:
SPIN 1/2

O In [GP, O.V. Teryaev, and V.l. Zakharov, JHEP, 02:146, 2019], KVE
[V. E. Ambrus, JHEP, 08:016, 2020], _ N -
[A. Palermo, et al. JHEP 10 (2021) 077] 2 2 =2 2
and for w? in jA _ T_ + AN W
[A. Vilenkin, Phys. Rev., D20:1807-1812, 1979] p 6 Imr2 2472 872 H
the following expression was obtained:
 Comparing it with the well-known 1
anomaly [L. Alvarez-Gaume, E. Witten, Nucl. A uraf Ap
Phys., B234:269, 19841; VN]A - 38472 /__g 2 RFW)‘PRO‘B
We see that the formula is fulfilled:
Loy / 39—
2472 87T2 38472
Correspondence between gravity and hydrodynamics is shown!
2 2
e Keeping also the jA(B) _(_ v G W, -+ L B, a’
gravitational currents, we obtain;  “* 2472 8x2 ) F 1242 N




VERIFICATION:
SPIN 3/2



RARITA-SCHWINGER-ADLER MODEL OF SPIN 3/2

The Rarita-Schwinger theory - well-known theory of spin 3/2.
But this theory has a number of pathologies.

Generalized Hamiltonian dynamics: Dirac bracket instead of Poisson bracket

F (@), ()b =[F (@), G7)] - / Pud2[F(@), ] (@)M (@, 9 x(2), C(F)
M(Z, ) =[x(Z), X" ()]

Vo

There is singularity in a Dirac bracket in weak gauge field limit for RS-theory!
Doesn't allow to construct perturbation theory!

Solved in [Stephen L. Adler. Phys. Rev. D, 97(4):045014, 2018] by introducing of
interaction with additional spin % field:

D = /d4x ( — M V51,00, + INYEOLN — imAyHep,, + z’mzﬁ,ﬁ“)\)




GRAVITATIONAL CHIRAL ANOMALY: METHOD OF
CONFORMAL THREE-POINT FUNCTIONS

__________________________________

For a conformally :

symmetric theory, if i Tu ~0. Tw/ ~T,,.

It is proven in [J. Erdmenger.Nucl. Phys B, 562:315-329, 1999], that the
three-point function (77, (z)T,,(y)j2(2)). has the universal form:

1
(z = 2)%(y — 2)®
X IR (5 — 2) I7P P (y — )t (2)

(TTH (2) TP (y)74(2))e =

p'v'o! p’
where the notations are F L (@) = EL s (@) (),
introduced: 1 1
gT, - 9 (nuanvﬂ + nuﬂnva) nuunaﬁ 3
’Q{ T € T K\
B 76 (‘gawn éaap ke L

IR LA AVAV AV A I




GRAVITATIONAL CHIRAL ANOMALY: METHOD OF
CONFORMAL THREE-POINT FUNCTIONS

On the other hand, there is a gravitational chiral anomaly:

4
: T A
(Vujs) =a 384\/—796MVPGRMV'€>\RM7R
It has been proven that: o = q

- The anomaly can be determined by calculating the three-point
correlator!

 The anomaly can be calculated from the correlator in flat space-time!

 No need to explicitly find a one-loop three-point momentum divergent
graphs: everything is done in the x-space!




GRAVITATIONAL CHIRAL ANOMALY: METHOD OF
CONFORMAL THREE-POINT FUNCTIONS

We will consider the case of points on one 4-axis:

Ty =T €y, Yu =YE€u, 24 = 2€,

Then the correlator should look like:

(T ()T (y)j4(2)) = o (4@ — y)°

—1
X(QE’ = 2)3(y — 2)3) €9 (,)71/[)80'19/1&) 4+ ,’7,LLP€O'Q91/QJ

_|_77VO' Yupw + nua Jvpw 662(6V€p8019,uw

_'_e,uepgaﬁyw + eaeugﬁ,u,pw 4+ eae,ugﬁl/pw))




GRAVITATIONAL ANOMALY IN RSA THEORY:
DIAGRAMS

Let's decompose all the operators depending on the set of the fields:
a1 2 a171% 173% 1% 1% T a0

I =175, + 15, T 15, t 15, JA = Jagy T Jaxx

Then the three-point function decomposes into 32 terms:

(TT ()17 (9)74(2))e = (L5 T5J5,) + (31 terms)

However, many are equal to zero or depend on each other: there are only
4 independent correlators.

A typical diagram
(different SETs in the vertices):




GRAVITATIONAL ANOMALY IN RSA THEORY:
CALCULATION DETAILS

As a result, we have for the independent correlators:

. " " 1
<TT5;(x)T1%(y)jZ¢w(z)>c " 1n5(z — y)5(z — 2) My — 2)
+92(x + y) + 192y — 14y — 92%) + (2622 — 32(x 4+ y) — 492y + 26y> + 32°)n"*) + 2e%e” (142% — 19zxy
—9xz + 1492 — 9yz + 9z2)(e”5‘”9“°" + e"e‘(}“pw) — 38e2zyete® e P — 18e2xzet e VPV + 28e%y2et e sPVPW
—18e2yzet e P 1 18e22%eHe VP — 2622 PP — 26x2nHT eV PV — (2622 — 32(2 4+ y) — 49zy
+26y2 + 3,22)77”"519“”“ -+ 4933y77””5‘”9““’ + 49asy77“"619”p“ + 3xz17””6‘”9“°" - szn’wsﬁ”p“ — 26y277”p5‘”9“‘*’ Each term

_26y2nu0€191/pw + Byznl/pgaﬂuw + Syznpagﬁypw . 3Z2nupgaq9uw . 3Z2nuagz9upw) ’ dl:f?rs frOm d
-------------------.---------------------------------------------------.-------------:[ --------------------------------------------------------------------------------------------------------------------------- W a We nee \

<T Tg;(x)Tgf(y)§X¢¢(z)>c — 47r6(;1; — y)5(w — Z)4(y — 2)4 619(462x26“608191j’0w . 80191/('0(2626”6[)(—233

+32(7Tx +y) — 17Txy + Ty? — 122%) + (1022 + Toy — 272z — 1332 + 19yz + 422)nHP) + 2e%e” (222

+17xy — 21zz — Ty? — 3yz + 1222)(ePe?PH% + e7e4P%) 4 34e2xyere” PP — 4262z 26t e VP
—14e2y2e“e"sﬂ”pw — 6e2yze“e"€ﬁ”pw + 2de?s2 g7 ePVPY 103:277”p€‘”9“” — 1Ox277“"5'9”pw — (10x2 + Txy
—27Tzz — 13y + 19yz + 422)?7VU€19MM — 7xy77””€"79“°" — 7xy77“”€’9”p“’ + 273:,277”’)8""‘9““ + 27:1:,277“"5“0””“’
—|—13y277”p5‘”9“w + 13y277“"€79”p” — 19yz77”p6‘”9“‘*’ — 19yzn“"579”p°" - 4z217”p5‘”9“°" — 42277“0619pr) ,

y qu(2862$26”6"819”’)“ — 5‘”9”‘*’(2626"6”(—14x2

N

R R . 462619(61/(6'08019“(’0 _|_ea€19,upw) _'_e,u(epgaﬁuw _|_eo€191/pw))
(T3 (2)T33 (W) A gy (2))e =
b o m0(z —y)3(z — 2)4(y — 2)*
....... A A5

uv 0 P w _ 2 oc%vw 2 oYuw o _Yupw
<TT$A(x)TX¢(y)jA¢w(Z)>C T 216(z — y)3(z — 2)4(y — 2)* eg(—2e et el — 2e%e¥ (ePe?VHY + e7eVHPY)

_262€u€a€ﬁupw + nupgoﬁuw + nupgaﬂl/w + nol/gﬂ,upw 4+ naugﬁupw) ]




GRAVITATIONAL ANOMALY IN RSA THEORY:
RESULT

Summing 9 correlators, we will obtain: Matches the form we want!
(1T (@)T7 (5)]5())e = ~19(47°(@ — y)° (T T (@)T7 ()j5(2)) = (4@ — y)°

3 3 = I-;‘} -------- % —1
x(x —2)"(y — 2) ) ey (77'/’)6(I WO+ pHtPe?tre = x(x — 2)°(y — z)3) ey <77”p€m9“°" 4 Pt
_|_77V‘7€19/JPW sl 77#0579’/9‘*’ — 662(6’/698‘7’&#‘*} _'_nyagt‘}upw 4+ n,uagﬁupw . 662(6V€p€cﬂ9uw
+6uepgoq9yw + eaeueﬁ,upw + eaeueﬁupw)) _|_€,u€p80'197/w + eaeysﬁupw L eaeugﬁupw))

(points on the same axis)

We can determine the factor _ _
in the anomaly: Frsa = —19F=1/2 = 76
< Au> —19 o5 -19 times different
V9uJA)rSA = Sl - PN - from the anomaly
3847T2\/ —g for spin ¥

22/27: PART 4




GRAVITATIONAL ANOMALY IN RSA THEORY:
RESULT

 How to explain the factor -19?
 How does it relate to previous calculations?

o —21
38412\ /—¢g

[M. |. Duff, 1201.0386] [J.J.M. Carrasco, et al. JHEP, 07:029, 2013]

g KA
<V,LL.7Z>RS 5MVpGR,uV/<:>\RpJ

ighostless" contribution [J.J.M. Carrasco, et al. JHEP, 07:029, 2013]

) \ Gauge anomaly
—19 = —20 —+ 1 C]E)nt(ibtlj;izon .
e ] 5=

—
— 1Y = —2JI |2 0=3+ 2




TRANSPORT COEFFICIENTS: DENSITY OPERATOR

Zubarev density operator as a basis for the description of the vorticity effects:

1

" = 1 Y A [M. Buzzegoli, E. Grossi, and F.
P = 7 eXP{ — Bu(z) P* + 5@,“,]5 + CQ} Becattini. JHEP07, 119 (2018).]

Perturbation theory in vorticity gives KVE:

18]
g\ _ W WpoWap Tuv  Fpo jaf S\
<-]5 (LE)> o ... ha 48|6|3 /0 dTldT2d7_3 <TT Jﬁ’iTluJBiTqu z'7'3u]5 (O)>ﬁ(:v),c

Let's again divide the operators depending on the set of fields:

TRV — EV R ey Initially 58 correlators - only
Y A PA A ~90 000 are nonzero
: v

= 3P / drpdrydr.d’zd’yd’z X
to be found

(4-point): 2yl (T, T2 (X) T (V)T (Z)53(0)) p(a).c




TRANSPORT COEFFICIENTS: CORRELATORS

The transport coefficients are expressed in
terms of a combination of the correlators:

Direct calculation within the finite
temperature QFT:;

1
£ = (002|02|02y3|111 4 02(01]01[3]122 | ~01]02(01]3|212

6
1 01/01]02[3]221 _ ,01|01]01]3|222 __ (01]02|02(3|211

02]|01|02|3|121 02|02]01|3|112
_(002/01]02[3[121 _ ~02(02[01}3] )

6
01/00/003[211 00[01]00|3|121
—C - C

1
- <002|00|00|3|111 4 (00]02[00[3]111 | ~00]00]02|3|111

_000|00|01|3|112)

¢ __T_3<177+ 353 353 353
T 6 \80m2 T 24072 ' 24072 | 240x2
177 353 353 353 )_ 53

+807r2 N 24072 + 24072 + 24072

T3(33 53 1 3

= ~5 202 T 302 T 22

47 17 ):_iTg
872

+807T2 + 4072




TRANSPORT COEFFICIENTS AND ANOMALY:
SPIN 3/2 INTERACTING WITH SPIN 1/2

A1 — Ao
[ The obtained formula for cubic 39 N
gradients (KVE):
53 5
A3 _ [ 2 9 9
R ( 2n2” T gr2" )w” :> ﬂ
< Direct verification:
Gravitational chiral anomaly: ( £2 N - ) . 19
. —19 - 2472 872 / T 38472
_ vaf A
vﬂji - 3847T2\/__g<§“ R/WAPROKQ g
\ Coincidence of hydrodynamics

and gravitational anomaly!

« For the RSA theory, the relationship between the transport coefficients in a
vortical accelerated fluid and the gravitational chiral anomaly is shown: the

factor -19 from the anomaly is reproduced.

« Verification of the obtained formula in a very nontrivial case with higher spins and
interaction.




CONCLUSION



CONCLUSION

* The relationship between the hydrodynamic current in the third order of
gradient expansion (w,w”)w, and (a,a”)w, , the Kinematical Vortical
Effect (KVE), and the gravitational chiral anomaly has been proven:

o The axial current in a flat space-time in a vortical and accelerated fluid
turns out to be associated with a quantum violation of current
conservation in a curved space-time.

* The obtained formula has been verified directly for spin 1/2.

 The obtained formula has been verified for spin 3/2 using the RSA
theory:

o Cubic transport coefficients were derived using the statistical density
operator expansion -53/(24n*)»? and -5/(8m?)a’*w .

o The gravitational chiral anomaly was found by the method of conformal
three-point functions: the factor in the anomaly is -19/(384n1?) .

o Correspondence between the KVE and the gravitational chiral anomaly
is directly shown [-53/(241?) + 5/(8?)] = —19/(3841?).




ADDITIONAL SLIDES

R0 = upuaAvg +uyugd, e — upuaAug — uugAyg
—|—6W>\pup(uaB>‘5 — u5B>‘a)
—|—ea5,\pup(uMB>‘,, — u,,B’\M)

T I
—I—euw\peagnaupu c

2 oW

(ITH) = T =5 50m

4
V9@V =9/ —a(2)
o (V=9@0R6:)

(TT (2)T7° ()4 (2))e

4] 0

X
09w () g




Method of conformal correlation functions
|GP, O.V. Teryaev, V.I. Zakharov. 2202.02168]

* There are various ways to calculate quantum anomalies.
* One of the methods:

[J. Erdmenger, H. Osborn. Nucl. Phys. B, 483:431-474, 1997] == Gauge chiral anomaly
[J Erdmenger. Nucl. Phys B, 562315—329, 1999] ) Gravitational chiral anomaly

* It is shown that three-point functions have a universal form. In particular, for the
function with the currents:

Designations introduced:
(T34 ()30 (¥) 74 (2))e = S, _ =2 (z—y
A=) 0,2 e @y
(x — 2)0(y — 2)0 Z4 L (x) = Npw — 2 ;2’/

It will be so for a conformally / 8 T =0, 0., =0, 0,y =0,
symmetric theory, if TH =0, T, =T,.




Method of conformal correlation

functions: gauge chiral anomaly

* Can this method be used to calculate anomalies in the RSA theory?

1 _ _
TH = —gHPP (¢>\’75%86¢p - 8ﬂw>\757u¢p)

H 2
The SET trace is equal +i0), {(IE’Y)W? — ZEU(’W)}
to zero just in the . )
extended theory! +§ [)\(78))\ N (8)\7))\}

+im| ()2 = A1)

RS theory : T = idy | ($7)0" — $"(79)| #0,

RSA theory : T[j = 0. [M. N. Chernodub, et al. 2110.05471],
[Yu Nakayama. Phys. Rept., 569:1-93, 2015]

* We can use the described method for calculating anomalies! i




Method of conformal correlation

functions: gauge chiral anomaly

Propagators in momentum representation, for example:

L@ ) = e [ (7(,@7,)_2(1 . 2)pappp>

using the formula (I am grateful to A. Pikelner and A. Bednyakov for
the link):

/ de elpT B i22a7T>\+1F(OJ)
p2(AFl-a)  p20D(\ 41— )
A=1—¢, D=2(A+1),

can be translated into a coordinate representation (need to find

momenum integrals). ﬁ



Method of conformal correlation

functions: gauge chiral anomaly

As aresult, we obtain for the propagators in the coordinate representation:

07 0) = o= [17#77 —2(1 + —a)

6 P’
X (P 4+~ +~72) +8 (1 }
(nPo¢ + ~vPx° +~4%xP) + < +m2x2> a8

(T O)) = 55— (17 = “F) |

- 2m2mat 22
N
(TAa(z)X(0)) = 0.

ﬂ



Method of conformal correlation

functions: gauge chiral anomaly

As a result, we obtain:

(T3 ()" ()74 (2))e =

Comparing with the general form

. " ” AP e egc?ve
T .l’l' a’; Y W —
< jv( )]V(y)]A(Z)> 7-‘-6(;1; . y)g(x L z)3(y - 2)3
we obtain an anomaly factor:
~ d vo
<a,u.7féji>RSA == 1672 g- BF,uJ/FaB

which confirms the result from [S.L.. Adler.Phys. Rev. D, 97(4):045014, 2018].

Also checked for arbitrary x, y, z . ﬁ



Method of conformal correlation

functions: gravitational chiral anomaly

We will consider the case of points on one 4-axis:

Ty =€y, Y =YE€u, 2y = 2€,

Then the correlator should look like:

(T T (@)T7° (1)F4(2)) = o (4 —y)°

=l
x(x — 2)3(y — 2)3) ey (77’//05019#00 -+ nupgoﬁvw
+n"e Tppw 4 nte dvpw _ 662(6”6%0"‘9‘“"

_I_e,uepgaﬁyw 1+ e%eV 19,upw _|_6ae,u€?91/pw))

d




Method of conformal correlation

functions: gravitational chiral anomaly

(TAq(z)Ap(0)) =0  The field A is nonpropagating.

(TryTsadin) = TpaTpagih) = T Tspdin) =

= <TA¢,\TAX>\5§\4,\> = <A/\¢T}E>j§{\> = <AA¢TZ\¢3;€,\> =
= (TspTsndsn) = TiTppisn) = Talpaii) =
= (TsaTxpdix) = (TaaTaypdse) = (TaT5ady) =0

e 12 correlators are zero!

ﬂ



Method of conformal correlation

functions: gravitational chiral anomaly

) =% negative powers m
ab

Y /I/ n v % .« .

Tox = §m(¢“7 A+ V”\) =) positive powers m

In the limit m — oo, 11 more correlators vanish:




Method of conformal correlation

functions: gravitational chiral anomaly

Of the 32 correlators, only 9 remain:

(T )0 (e = T g Lgg 3507
Ty Tprdgy) + {TopTrpdfy) + ToaTgydsy)
+<T¢AT¢A§£¢> + <T¢>\TA¢J¢¢> + <T)\¢T¢¢J¢¢>
+<TZ\¢T¢,\J{3¢> £ <TA¢T5\¢]¢¢>
Of the 9, only 4 are independent:

TG @IEWits e = TR, @) =

= (T T ()T ()% (e = = (T TR @TF )75 ()
—(T T () T3 (€)% 5, (2))e = (T T (2)TZ0 (1)) 5 (2))e =
—(T 1% (y )T @85 (e =TT @I 1)555(2))e




Method of conformal correlation

functions: gravitational chiral anomaly

A typical correlator has the form (2 terms - Wick's theorem):

Operator from the axial current
J

(TT5 (@) T7 ()G (2))e = 1111;2 — tr{Dé‘gzim(&ml,8032)G%/j75(x2 - zl)jﬁg% GYY (22— 1)

Y1,Y2—Y
21,2922

DR (0, OGS, (2 — 1) } = w{ DL (07, 0°) G, (22 — 1)
X

Dapﬁsm (8y173y2)Gw1Z (y2 . Zl)jw’ﬂs% Gwz/; (22 o 331)})

/(@Ew) M475 A(pap) MM

Operators from SET /

Green functions

ﬂ



Method of conformal correlation

functions: gravitational chiral anomaly

* How to explain the factor -19?
* How does it relate to previous calculations?

—21 Voo KA
BTN

[M. J. Duff, 1201.0386] [J.J.M. Carrasco, et al. JHEP, 07:029, 2013]

<vu3ffx>RS

ighostless” contribution [J.J.M. Carrasco, et al. JHEP, 07:029, 2013]

N \
—19 = —20 -+ 1 Contfibution Gauge aDOIila]y
ez N 5=4+1

—
—19 = 21 + 2 0=3+2

ﬂ




Method of conformal correlation

functions: gravitational chiral anomaly

General Rule will be:

Anomaly in RSA = RS-anomaly + 2 - (spin %2 anomaly)

Anomaly in RSA = (RS-anomaly “ghostless”) + 1 - (spin ¥2 anomaly)

Works both for the gravitational and the gauge chiral anom:

ﬂ
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