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Large charge

Motivation

e Calculate correlation functions without the use of Feynman
diagrams

® Obtain information for the spectrum of the QFT in
strongly coupled regions

Purpose

Calculate contributions to the anomalous dimensions the large
charge Q scalar operators ¢@ from fermion fields and gauge

interactions 1

IR

(¢9(xf)9% (1))
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General approach

e Start with a QFT with a global symmetry and obtain its
Wilson-Fisher fixed point

e Map the theory on the cylinder R x §P~1

Operator /State Correspondence

Every operator of a CFT corresponds to state on Hilbert space
Q <_>|Q>7 AQHEQ/R

® Consider a large charge state |Q) and fix the charge
® (Calculate the 2pt function

<Q| 7HT‘Q /D(I)efsefﬂrcharge fixing

® Obtain the anomalous dimensions for «; couplings is then

EoR=80= 3 575 (@i {ar)

j=—1
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Models under study

¢ Gauge Invariant models (Scalar Q.E.D )
¢ Nambu-Jona-Lasinio-Yukawa (NJLY)

® Asymptotic safe model (Litim-Sannino model)

In what follows we are focuced in Gauge Invariant models...

Pantelis Panopoulos 5th July 2022 Gauge and Yukawa interactions at large charge 4 / 20



Gauge Interactions

Consider the action

5= [ ( (7R + (Du0) Do+ 53607 )

where D,, = 0,, + ieA,, and e, A couplings constants.
Symmetries
o — em(x)qzb, A, — A, — é@ua(w)
Equations of Motion
—~DHD,¢ +mPd + i—; (pp)p=0, 9 F" =J"
Fixed Point

3
o= (1ge + i\/7196) . &2 =24n%
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Map on the cylinder R x SP~!

¢ Use conformal coupling of scalars (R scalar curvature)

[ Paloor [ aPzy=g(j0? + RIoP)

while the other fields are unaffected
e Express ¢(z) = %eix(ﬂs)

® Impose charge fixing condition
The action reads
1 1
Sers = /def\/ ( Fu " + 5 (ap) + 5% (0X)? + 5m?p?

1 Ao 1Q
2 " - 2 I .
+ep A0 x + e prA AN + — Y4 44 Rd—le,l)()
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Computation of vy4e

® Obtain equations of motion

A
— V20 + p[(0x)* + m?] + 2ep(0x + €Ay ) A + 6/)3 =0,
Vu(p*g" 0ux + e p?AM) =0,
2, 1Q
pPX RD-1Q,
® Write dynamical fields — (classical solutions+variations)
1

plx) = f+r(z), x(x) = —it m(x),  Au(r) = 0+Au(r)

where 1 is the chemical potential...

® Use the representation

Q71Q) = [ DpDxDAC S

Pantelis Panopoulos 5th July 2022 Gauge and Yukawa interactions at large charge 7 / 20



Classical contributions A_;

Plugging the classical solutions to Scry we get

Q (3 1m?
=g 2" ey

Use esom and solve for the critical point (x)

2/3
1/3 M@ AQ)2
7 Q 37+ |9 810 31
2 9y _ _
pp®=m?) = gmpmra—— = | R = S—
A 2 Q
323|944 — /81229 3]
Solution
33 (;(7+\/73+;L'2>% 33 <3§+(x+‘/3+x2)5>
4A 4 = + T
3

3% + (o + V31 a7)° (z 4+ vV=3+22)°
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1-loop contribution (A)

The quadratic action of fluctuation is given by

1 1 1 1
(2) _ lD S - F2 (0 2 (0 2 - 2 2y,.2
S / x g ( 4 j7% 2( /Jfr) 2( 123 ) 2 2( 1% )T

— 2iprd,w + efO,m AP — 2iepfrAg + %(e f)QA“A”>

e After Higgs mechanism there is a local residual
symmetry (Elitzur’s theorem)
or=0, orn=foalx), JdA,= —éaﬂa(x)
® Gauge Fixing via R¢-gauge
5@ S(QM—% / dPr\gG?, G?= z(vum +efm)?
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One-loop evaluation

Path Integral

e = classica, XE DrDrDAe (5743 = 2 eta
HT ) I L Ao (5@ +1 faPaygc®) 4o 9G

< Ag

The quadratic part of the exponential is written

L(2) :%AH <_guuv2 +ha/ + (1 _ E) vl—bv + (ef)ZgMu> AV
! V2 - m?) 20, ) (r
+§(r 7T) ( 22#87— —V2+%€2f T

—2ifurA® +ef (1 - é) A0

. R’“’ = B2 g the Ricci tensor on SP~1 (obviously R =0)
o ove et v
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Laplacian Eigenvalues on SP~!

® Represent determinant via ghosts :
oG _
det S0 = °C (=V2+(ef)?) e
® The Ap is a scalar field (belongs to the R part )
e Split the gauge field A* = B* + C"? as

V,;Bi =0 (kernel of V), C' = Vif (image of V*)

—V?2 o1 scalars vectors
eigenvalues 2200+ D —2) 7z (Lt +D—2)—1)
degeneracies np nA

(20+ D —2)({+ D —2)

m(f) = T(D— )T(¢ +1)

0 = Ul+D—2)(20+D—2T(+D—3)
na T((+2)0(D —2)
Nghost = — 27
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Evaluation

The path integral takes the form
1
(Qle™HT|Q) = classical x — (det B x det @q x det Cahosts) /*

Results

+(ef)?

D~
o |detB=-02-Vip,+—— 72

e Scalar field matrix (r, 7, Ao, B;)

—w? 4+ JZQ +2(p? —m?) —2ipw —2iepnf 0
2ipw —u2+J22+%e2f2 —ef (1—%)w —ief (1—7)‘Jg|
—2ieunf ef 1—%)«) —%w +Jé + (ef)? 'L(l—*)w\J“
0 ief (17%)\‘](\ 1(177) w| T —w? + L2+ (eh)?
giving

2

Edet ® = (w+w?)(w + w? ) (w + w?)
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Field we lo
B \/Jf(v) + (d—2) + €2 f?
C; \/JKQ —|—€2f2

(¢, ) VJE+erf?

Ao \/JZ2 +€2f2

1) \/Jg2+3u2—m2+562f2i\/(3M2—m2— %62f2)2+4J£2u2

=N e Nel

Table: The fields and their energies as a function of the chemical
potentials with a nonvanishing VEV for ¢, ¢. Note that JZ2 are the
Laplacian scalar eigenvalues and J Z2(v) are the vector eigenvalues.

® Functional determinant of the ghosts cancel against the
contribution stemming from C; and Ag, leaving a single
ghost zero mode (¢ =0) contribution which in turn cancels
one of the zero modes of the scalar.
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Following the stadard steps of infinity cancelations we obtain
the 1-loop correction

Ao ( 1504 — 612 +81/6p2 — 2+5) Z (0)

16
l 1
3e? (p? — 1) (3e? (Tp? +5) + 16729 (5 — 9u?))
204874 g2
where
3e2 (u2 - 1) 3e2 (ug - 1) 2
o(l) = (J BT +3u2 +0(L+2)—1— J (7167&7 —3u? + 1> +40(¢ + 2)p?
3e2 (u2 — 1) 3e2 (p2 — 1) 2
+J16ﬂ'29+3”2 +e(£+2)—1+\J<W73u2+1> + 400+ 2)p? | (£ + 1)2
4 2 2 2
+2MH)\/% (n2 —1) beet 2y 41 O H10m + 161 (l+il)(l+2)+81(l+1)u -5
9e? (u? —1) (3e? (p? — 1) — 1672 24200 41) —
N (u )( (u 1) g(u+ (I+1) 1))
51274 g2]
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3-loop results

9e? 3e? 4 5P 202
Bo=Q <_1287r4/\ e ) +Q° (2567r4 et T)

s (€5(9¢(3)—1)  e*ABCB)+1) | e2A2(3—2¢(3))
*Q( ool = ) e ARl AR RO L ec) - ))

® Check
Combining the above with the small charge expansion of A_; one
reproduces the 1-loop scaling dimension of ¢ at the fixed point:
AQ;l = —%E .

® Making use of the known 2-loop scaling dimension of ¢ we can fix the
NNLO term in the charge at order € and obtain the Ag to order €.

Since the fixed point is complex we give the result in terms of the running

couplings as

Azl _ g (%) ~30Q+ M@ - 1)@

2
(Q + 7Q) - %a)\Q(Q 1)+ % (—2Q° +2Q° + Q)
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Scalar QCD

The action reads

S = /dD:c\/ < ~F%, F" + D, D*¢ +m? ¢¢+ (¢d>) >
and is invariant under §¢® = i9“($)(ﬁ)°‘5¢6 where
Dy¢™ = 0,0°+ig(t*)%A%°,  Fi, = 0,A%—0,A%+gf%. AL AL

Comments

® In QCD there are gauge boson self-interactions appearing
as third and fourth order in the action

® Calculating Ay these terms are neglected...
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Fermionic models

NJLY model
- - , - - P N

Lxaty = 0u00"6 + Ui + g Oriduy + g0t + o7 (66)°
where j = 1,..., Ny is the number of Dirac fermions and ¢ is
the complex scalar field. The model enjoys U(1) and chiral
symmetry

Pverm oo 391 =1) (9 (9 +3) +8n°A (13 = 3u%)) 1‘” e
Ag (N @g) =6 5127A2 *a ;

\/MJrQTrQ(/L 3)2 +\/739 )+27r2(u+3)2

+
V2m

where

5(p?—1
c® ) = 14+ 02 [wy(0) +w_ ()] — 265 — 6% —2u2 — 2 (ﬁ + 2) e+ %

S0y = 204 ) 4 Doy () 4 g0 4 21 sl
I+ f= 12871’4>\QZ

Bg(p, 71) (422+u +6é71)
B 1672\ €

— 200+ 1)(£ + 2)(20 + 3)
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Asymptotic Safe Model
L=— % TI‘(F“VF}”,) + Tr(@z],ﬂ\l/) +vy TI‘(\IJL@\I/R + \I/R@T\I/L)

2
+ Tr(0, 070" ®) — u | Tr(®T®)| — v Tr(dd o'
F

1-loop
2 2 2 2 2
A (442 = 1) ay N3 ((126% +1) ay N — 2 (12042 = 13) Ne (Npap + 250,))
0 32N2 (Njap + 2s0w) 2
2 (4p2 — 1) ay N2 2 (4p2 — 1) oy N2
+ #4,(2”_*_3)2_‘, —”_'.(3_2”)2
Ne (Nfah+25av) Ne (Nfah+25av)
1
— 6+ — Zo.(f)(e)
2 =1
where
o (1 - 4;3)2 N$a? (4;[" - 1) N2 (452 +4u2 + 66— 1) ay
) = —
S 8¢N2 (Nfoch + 2say) 2 44N, (Nfah + 2say)

2 (4u2 — 1) Niay ( ) ( y
+(+1)(e+2 — Gt ap(p—20+3)+4(1+3)+9
( ) ) N¢ (Nfah-&-QSav)

2 (4% — 1) Njay
|l — t4p(n+204+3)+46(L+3)+9 -4 —6
N¢ (Nfah, +25av)
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Future directions

® Perform the Standard Model analog

¢ Generalize to AdS/CFT in calculating anomalous
dimensions of large charge operators in N/ = 4 and in
general in super-conformal field theories and
[B-deformations

® Check from the point of view of correlation functions
dualities in QFT

® Apply in integrable deformations of WZW-models (Araujo,
Celikbas, Orlando, Reffert) compare large Q) vs large k
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Thanks for your attetion!
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