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Yang-Mills gradient flow 2125

* Gradient flow equation with flow time ¢
[Luscher, 2010]
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e Various studies in lattice QCD A

are done based on m

‘A.’L’N\/E -

- smoothing effects for fields

- UV-finiteness of flowed field correlators
[Luscher 2010, 2013, Luscher-Weisz 2011, ...]



Gradient flow in SYM

e Motivation

- same applications as with QCD

T,, energy momentum tensor [Suzuki, 2013]

Numerical test of AdS/CFT  5/s = 1

47

- flowed supercurrent is used to construct
supersymmetric continuum limit from lattice theory

[Hieda-Kasai-Makino-Suzuki, 2017]

* In this talk, we construct SYM-flow equation in
Wess-Zumino gauge and study UV-finiteness of
flowed field correlators



Plan of this talk

1. N=1 SYM and SYM-gradient flow

2. SYM-flow in WZ gauge and finiteness of
correlators for flowed N=1 multiplet

3. Summary



1. N=1 SYM and SYM gradient flow



N=1 SYM in superfield formalism 6125

e SYM action
1 4 o
S = 162 /d fEtl“( WV IWa(V)|oe +h.c.)
Wea = —EDDG_QQVD e?9V
& 4 (8}
vector superfield 6,0 :two component Grassmann

V=C+ify+ %HH(M +iN) — gt A,

+i000(\ + %W&LX) + %Gﬁéé(D - %DC) + -

- invariant under linear supersymmetry transformation
V= V46V
but C, x, M, N are unwanted fields



Wess-Zumino gauge fixing

e S is invariant under extended gauge transf.
/ i
€2gV _ 6(I> 629V€(f[)
chiral superfield ® = A + V20 + 0OF

» taking the component fields of & as

C . X C’:X’:M’:N’:O
A= =2 ... |:>
2 V2 Wess-Zumino gauge

o supersymmetry is modified as
5 = 62 + 5909

52 -supersymmetry is broken in Wess-Zumino gauge



N=1 SYM in Wess-Zumino gauge 8/25

e SYM action

! / d%tr( WEV)Wa(V)|eo + h.c.)

S =
16g2

1 - 1
— /d4$tr {_ZF/,LI/FMV — 2@)\5'#Du)\ —'— §D2}

e supersymmetry transformation §; = &g + 04"
0¢ A, = ifo N —ira, &
SeA = Q€D + oMVER,
0¢D = —fa“Dpj\ — Du/\a“g



SYM-flow in superfield formalism 9/25

[Kikuchi-Onogi, 2014]

a ab 8SSYM Ne !
o Ve = —3q (V) /b V = Z Ver?
a=1

- SUSY and extended gauge invariant norm

1 _
16V ]2 = @/délzcdgé’dzﬂ tr (6_29V5629V6_29V6629V)
= gap(V)OV VP
g (V) = 4¢*tr{ T° Ly’ T LyX = [V, X]
cosh(2gLy) — 1

- invariant under 47 -super and extended
gauge transformations



2. SYM flow in Wess-Zumino gauge
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SYM flow with a gauge fixing term

e gauge fixing term [Kikuchi-Onogi,2014]
05
a __ ab SY M a
8tV — —dg Y + (LpV
e choosing ® as D.K. and Ukita

d=A+V20¢ + 00F

A=2D +w w=ad, A,
Y = —2\/§O“Dy)—\
F=0

Wess-Zumino gauge is kept at non-zero flow time



SYM-flow equation in component fields *#%°

D.K. and Ukita
0B, =D,G,, +aD,(0,B,) —1XVuX

Ovx = D, D, x +ia[x,0,B,)] +@2f>wy[G,mx]+’i[Ha’ysx]
oH =D, D,H +ia[H,0,B,] +i(DuXVsYuX + XVuV5DuX)

)= A, (2) new terms originated
g from SYM gradient

- all fields mix with each other

- invariant under t-independent gauge transformations
fora =20



five dimensional SUSY 13/25

e SUSY for four dimensional fields

O Ap(x) = Euib(2)
1

5§w(.’13) = 5'}%71/617“1/(37) + 75£D($)

6£D(37) — 575’7/11)#7»&(55)

e an extension to d+1 dimensions

0¢ By (z,t) = Evux(x, t)
1

(55)((33, t) — §7M7V€Guv($7 t) T 75£H(337 t)

ogH(z,t) = 575'YMD/JX($7 t)



Consistency between SYM-flow and SUSY 14/25

D.K. and Ukita
e The commutator of 9, and 4,

9 5eB, —5:.2B, = D 3
91 06Pn — % Bu = Dt w=-D,&vx) — 55(0481/31/)
G, 0.
57 06X — 05X = ilx, ]
0 d .
8t5§H 558 = Z[H,w]

0 9,

o 55 — 555 = 55 (gauge transformation)

e For gauge-invariant operators, the SYM flow
and SUSY in WZ gauge are consistent



Renormalization of four dimensional SYM 15/25

e N=1 SYM action

1 1 . 1
Ssym = o dew tr {gFiu — Dy + D? + 5—0(8u14u)2 + 28,L5Dﬂc}

* Renormalization (dimensional reg., MS-bar)
G =192y  &o=E2a
AM:Z;/2ZJ{1/2AR,,U, rd):Zgl/QZ}p/sz D:Zgl/QDR

c= 2,727 e c= 227 ex

2
Y C2(G) 4
Zg=1-3 1672¢ O(g")
3 — 5 .QQOQ(G) 4
Za =1+ 5 162 + O(g")
2
_ 1. 9 C2(G) 4
o 2




Feynman diagrams for flowed fields 16/25

» Propagators and vertices

2
905&5 Pulv - PuPv —(t45)p?
41 — 5 v - B 2 p
pt s b i [( L i ) + &o D2 ] e

9.
[ RN _ go?j(ﬁc)i-j(sab 8*(t+5)p2
p
; 4 _ 2 —(t 2
f.l Py ._-\I.'I —_— goéabe ( +S)p

* Flow propagators and flow vertices

flow propagator flow vertex

R W M e, i s T T

/
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1-loop calculations using SYM flow 17125

* SYM flow equation

0B, =D,G,,+aD,(0,B,) : —Z)Z’)/MX
. : g . :
Oix = DyuDyux +ialx, 0uBy] i+ 577w Guw, X] +ilH, 75X &

OiH = DDy H +ialH, 0,Bu] i+ i(DuX7s7ux + X175 D03

* New terms (blue ones) yield new flow vertices
in perturbative calculations

flow vertex

p R e,
’ »
m-w{i‘ m-w{{
. »
k : Y



Flowed gauge field (non-SUSY flow) 18/25

<BZ(t,p)BS(S, _p)>

v o Sape(TH9P° g4y (G
= [Cl <5uv - p;f; ) ‘|—62€pr :I e g Co(G)

pole p2 p2 1672€
C1 &)
3+¢&
t [ _ _
ree 3 2
f e A
1-loo - a¥e 2
-loop
- 5
B =B,
UV-finite
no extra Z-factor
total () 0



Flowed gauge field (SYM flow) 19/25

<BZ(tap)Bs<S7 _p)>

v | Sape=H90P” g4Cy (G
= I:Cl (51“/ - Pub ) —I—ngp;]; :I b€ 9 2( )

pole p2 p2 1672€
C1 &)
tree Dl _3 . 3_55
f e oA
o +3 43t
A e e 5
1-loop
o 5
T +1 +1
P o -1 —1 BF =B,
oo 0 0 UV-finite

no extra Z-factor



Flowed fermion (non-SUSY flow) 20/25

i8ap(1uppCe” TP g1 Ch(G)

X)X (s.—p)|  =a

pole p? 1672¢
C1

tree b— 0 _3

ol _3
1-loop

e A

Xt =Z?x
UV-div.

extra Z-factor is needed
total —0



Flowed fermion (SYM flow) 21/25

i8ab(7upuC)e I g1 0y (G)
- 2 1672
pole p €

(X*(t, p)x"(s, —p))
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tree L — _3

N
~Se 3492

e W

5“ .......... .‘ +5/2
Y .
S o 0 UV-div.

extra Z-factor is needed
total —0



Flowed fermion (SYM flow) 22125

(X*(t, p)x"(s, —p))
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Flowed auxiliary field (SYM flow) 23/25
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T UV-finite
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5. Summary



Conclusion

o SYM gradient flow can be defined in terms of
component fields (in Wess-Zumino gauge)
e consistency relation o,5; - 5.0, = 67 ,, implies that

SYM gradient flow = supersymmetric flow

» 2-point function of flowed N=1 gauge multiplet
is UV-finite, at least, at 1-loop level

Bf =B, x"=x HE-H

» We are now tackling a proof of UV-finiteness
of any correlators for all order of PT



