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Overview of the talk

[DK, Zohar Komargodski, Joao Penedones, Biswajit Sahoo; 2023]
[DK, Biswayjit Sahoo; 2024]

Part 1: Introduction: QFTs, CFTs and trace anomalies
Part 2: Background field method for probing trace anomalies
Part 3: Tests

Part 4: Graviton-dilaton amplitude



Part 1: QFTs and CFTs

energy UV CFT + deformation

\ UV CFT data (aUv, CUV’ . .)

QFT=RG flow CFT data = scaling dimensions + OPE
coefficients (of primary operators)

— IR CFT data (CZIR, CIR, .. .)

0 IR CFT

Aa = ayy — arg and AC = cyy — Cg )



Part 1: trace anomalies In 4d

c-trace anomaly

(O T*(x)T7(x) | 0) cpr = 040 € o [H. Osbor, A. Petkos; 1993]
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Tensor structures:
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Part 1: example 1

energy

1 3 |

T P— , Cpy =
Ys76022° Y 576082
[H. Osbor, A. Petkos; 1993] deformation

UV CFT + deformation (A — Jd4x (_l(aq)(x»z _ lmzq)(x)z)
OFT ) 5

UV CFT

mass gap

— empty

0 IR CFT

ar =0, crp=0

f Aa = , Ac = i
\ 576072 57607%



Part 1: example 2

energy UV CFT + deformation , Aorr = Apv crr + /lMd‘ Jddx@A(X)

ayys uvs Crres  Copo S AU W
OPE coefficients OPE coefficient

short flow If deformation
A=d-90
D<okl

UV CFT data

P =—o4 5 Coo0R4-14" + O(2°)
G, =0 t |
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Volume

(Komargodski: 2012] IDK. B, Sahoo; 2024]



Part 1: C-theorems

> Zamolodchikov’s c-theorem
[A. Zamolodchikov; 1986]

| < a-theorem
| [J. Cardy; 1988]

[H. Osborn; 1989]
[Z. Komargodski, A. Schwimmer; 2011]
[G. Mathys, T. Hartman; 2023]




Part 2: background field method

g W(x) < curved (non-dynamical) background

Zlg,] = J[dq)] oAl < action (UV CFT + deformation)

AN

partition function compensator field

measure (UV d.o.f)

Z[g/w] — !Wlgul connected functional

Weyl transformation: Not a symmetry

1%
Compensated QFT: M — M(x) = Me ™™ Weyl symmetric action if 7(x) —> 7(x) + o(x)

5,WIg,] = Jdm [~go(f —ayyEs + e W?)

5, W[g,] = Jdm /=500 T4 | 0)VErT

Weyl anomaly:



Part 2 background fleld method

[E Fradkin, A. Tseytlin; 1984]
| {[A. Schwimmer, S. Theisen; 2011]

| \
Az, 8,1 = Jd4x, /—g (TE4 + 4 (R”” — Eg/“”’R) 0,707 + 2(07) "\ 4(07)* T) |
Aclz, 8,1 = Jd“x\/—g T W?

Ainvariant[é\,uv] — Jd4x \/ _§(M4/1 T MzFOje\ " /R\z FZ/WZ 3 /E\4

WIR[T g,uw @] - aUV X A [T, g;u/] + CUV X A [T g,uy] + Amvarlant[g,uy]

WIR[T’ g,uw ®] = WIR CFT[T’ g,uw ®] o A axA [T’ g,uu] T A /, A [T g,m/] T Am rzant[g,uv]

+ ) /IAJd“ /-2 '\ “AR(Z) O

1<AL2

caused confusion

i A(X) = e2™O(x) '

| Aa = aUV aIR and

[Z. Komargodski, A. SchW|mmer 2011]
[M. Luty, J. Polchinski, R. Rattazzi; 2012]



Part 2: dilaton-graviton vertices

P(x) - dilaton field

\/zf 4  graviton field

8, (X) =n,,+ 2xh, (x)

—T(X) =1

graviton-dilation vertex

i 6" Wiglz, g,
oh, , (p1)...6h, , (P,)o@(q))...00(q,)

Qo)*sW(p,+ ... +pu+q + ... +q,) X V(P;llylhqg M”;o)m(l?h ceis Do 15 o> q,) =




Part 2: dilaton-graviton vertices
\/fl

()" + (1) + (2)°) + 2018, (&

)(IKZ + K22 + KK + .. )

(& - &) = €,€)" N

;. €. ) = kyeky,

» Q»(kl- €. & . k) = k7€), k

tensor structures:

kg 421, (k; . kz)(klz k22

Ac ) 6r)(k; . ky) — 6r (kK> + k2) + ...



Part 3: example -
e—qx)El_c\oF(;c])C

1
— 4 v 22
Afree scalar[q)] — J (_57]# 0 CD(x)d D(x) — Em @ (X)) compensator field

S

1 1
Acompensated (I), ’ hl = Jddx — — —ol) Py P — _mze_zfq)z
free scalar [ @ ] V 5 9) & Ou=9 o) 8(d — 1)

14

€1 \If]_ kZ /\ kl /
k3 \
_____ — @k:} _|_ kl—e “““‘k,?,
Y
E9 /;€2 kl kl—l—ka—f 2 kl-l-kz—g
. 2
filky, ky) = i (2(k1)* + 2(k3)* + 10(k; . ky)* + Tk, . ky(k{ + k3) + 3kiks)
14400/ 272f
flky, ky) = 603 22 A | A IA Aa N
; a = , C = a, y, = ——
) f 576052 . 6
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Part 4: graviton-dilation amplltude

2 2 2 ‘
Algnetzc - ! Jd4x —8 R f ! MZI’O
W — WIR + A]gp .+ Akll’letlc
, inetic 1 1 1 f2
. (k= 0, f= o0, k1> ) A,i’. y =—_Jd4x —g R, = + —.
inetic )2



Part 4: graviton-dilation amplitude



Part 4: tude

. _ o oSU K )
Scattering amplitude: ’\ hp—hop \K1s Koy K3, Ky €1, €3) = K 3 T 4 Iz (Ac—Aa) T, )

Tl = (Hl)ﬂy,pG(H3)//w,pa

16\ o ry v
T2 — ( Hl)ﬂv, ,00( H3)1W,p6 + (S—u> k2 1k3 2(H1)ﬂ alazklﬂlkzﬁZ(Hg)W, b1

3 : k“lk%k%k% H kﬁ1kﬁzkﬁ3kﬁ4 H
T\ — 2 73 3( 1)a1a290‘30‘4 1 ™2™ 2( 3)ﬂ1ﬂz,ﬁ3ﬁ4

SU

Tensor structures:

Basic building block:  (H)*"° = k'kle; (k) — kI'k7e"(k;) — ki ke (k;) + k;k{ e (k;)

1l I 1 1 I 1 1

Linearised gauge transformations:  &°(k) — (k) + Yk + x°kf

SU
T (s, t,u) = T 5(s, 1, u) = K> —

Center of mass amplitude: 2 J
T s tu) = T (s, t,u) = — (Ac — Aa) 1



Summary: part 2 - part 4

. P ds Im T (5,0, — )
Aa = lim f 3 < [Z. Komargodski, A. Schwimmer; 2011]
f—o0 J 2 T \) :

hew
(only states with spin=2,4,6,... contribute)

| 2 (o 272
.j d Im a J S,O, — S !
Ac — Aa = Iim limf—J > t +2( ) —

f— 00 k—0 K2 m2 T S

1. We used the background field method to study QFTs (dilatons and gravitons)
2. EFT of background fields is fixed by trace anomalies (Weyl anomaly matching)
3. Trace anomalies of QFTs are extracted from the vertices of background fields
4. We tested this technology in several examples (free scalar example presented)

5. We compactly package all the vertices into a dilaton-graviton amplitude



Thank you!



