FERMIONS

ACROSS
DIMENSIONS

Julien Barrat
28.09.2023
DESY Theory Workshop

Rethinking
Quantum Field Theory

TO APPEAR

Scalar-fermion correlators in

Yukawa CF'Ts across dimensions,

JB, I. Buri¢, V. Schomerus, P. van Vliet.



1. cF

2

SCALAR-FERMION
o CORRELATORS







1. cF

GRAPHENE

P e carbon atoms
g Bl il dih L Aie M

g Wl g L

A i e i i e

"R LI LI

/ \/ ~a~" \/ \./” ~a




1. cF

GRAPHENE

| oo ' - carbon atoms

QWS 4 AW )

'R RI LIS

2d material Excellent conductor
Robust, flexible, light Lorentz symmetry



1 YUKAWA
O

GRAPHENE — QFT

Reciprocal lattice

H=—1 Z (a;ibmj + h.c.)

sites, spin



1. cF

GRAPHENE — QFT

Reciprocal lattice Energy bands
Ky 4
‘K
ko
’ K/

H=—1 Z (az’iba,j + h.c.)

sites, spin



1. cF

GRAPHENE — QFT

Reciprocal lattice Energy bands
Ky 4
’K
ko
’ K/

Ey (k) = +oplk

(relativistic!)



1. cF

GRAPHENE — QFT

Reciprocal lattice Energy bands Continuum limit
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Fixed points: B4(gx) = Ba(Ax) =0

Conformal bootstrap don’t use action, assume fixed points exist —— many results!

|Alday, Bissi, Gimenez-Grau, Gromov,
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Paulos, Poland,Rong, Rychkov,
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PHASE TRANSITIONS

RG flow (N =1,N;=1/4)

30 *
3d Ising model : WE'Y fixed point
60 ' (N =1 SUSY)
| b -
40 Bg(gx) = Ba(Ax) =0
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free theory

|Karkkainen, Lacaze, Lacock, Petersson, ‘94|
g |Rosenstein, Yu, Kovner, 93|
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(PPt )
OPE
dp ~ 1+ + ... dY ~ A+ ..
Tensor structure
_ T = ;f?j |Cuomo, Karateev, Kravchuk, "17]
d=14 <¢¢¢¢>:Tlfl(Z,Z)—FTQfQ(Z,Z) e
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d=3 <¢¢77;¢> =1 fl(zv Z) + 1o fZ(Zv Z) _|_r]P3 fS(Zv Z) + 14 f4(27 2)
N —— e, ——"
parity-even parity-odd
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AN INTERESTING CORRELATOR
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OPE
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Tensor structure
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CONFORMAL BLOCKS
Calogero-Sutherland < ¢¢?7;?7D >

Hamiltonian

_ g% 18 0

_ d=4 __ 0

ch e ( 0 H(4)>
0 (d+2)
Co = (d)

' (5) 0 H,

d = 3 Cd:3:(HO ‘|‘6 0 >
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PERTURBATIVE CALCULATION

<¢<b¢w>=%_0+i .

X

1 2

]

1

2 .2
477 Ty

Integral: l—<— ~ 47’(‘28 ;LLQS’}/’“’}/V ]23@2 / d42135 33';5]15125135]45 —+ 0(82) Iz’j pp—

1. Star-triangle relation: /d4336 126$3]36$6]56 = —47° ¢23¢25 I23195135
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(PP ) = T TR
X

1 2

+ ...

1

Integral: I«—i ~ 4 gy Yy ]2332/614% whe I15 125135145 + O(£7) Lij = 42,2

@]
1. Star-triangle relation: /d4336 126$3]36$6]56 = —47° ¢23¢25 I23195135

2. Tensor decomposition
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PERTURBATIVE CALCULATION

(b)) = T qr

— ai(z. %) log(22) bz, 2) log((1—2)(1—-2))

k(2 Z) O(e) 1-2)(1-2 7 27
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PERTURBATIVE CALCULATION

filz2)| oy dese) o les((=2)(=2)
(22 o~ P T=a-7 PRI S
_ * (22)° O =
k(2,Z) = 51276]2 — 2] iz — Z|0(2,2) := ; Flog(—x1) log(—x2) 4+ 2(Lis(x1) + Lis(x2))

_ 24+ Z—1tlz—2Z|—22Z
I 1—2)(1—2))1
log((1 - )(1 - 2) log (1 E A AL

2

— = (1 — 1 — 2z
1 2—z—ZzZ—1ilz— 2|’ r2 = (1=2)1 =2)m
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PERTURBATIVE CALCULATION
<¢¢@Z¢> — r]Pl fl(zv 2) T r]PZ fg(Z, Z>

fz(z,_Z) 2(2. 2) | _lozg)(éz)_ : b (2. 2) bg((1 —Zzz)(l — Z)) | (2,%)

k(2 Z) O(¢)

afl(za 2) — p(Z, Z) - Q(za Z) ; bl(za Z) — Q(sz) ; Cl(zv Z) — p(z, Z)
az(z,z) = %q(z, Z)(p(z,2) +2), ba(2,2) = 2Zp(z, Z), c2(2,2) = q(z, 2)

p(z,2):=z+2z—4
q(z,2) :=2(z2 — 2z — 2)
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