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Abstract: <span>The dilaton effective action plays akey role for the recent proof of the a-theorem by Schwimmer and Komargodski. In the presence
of other massless modes, one may ask if this proof is affected. In particular, in renormalization group (RG) flows with N=1 supersymmetry, thereis
a natural massless partner of the dilaton, namely an axion field. | will discuss RG flows, the a-theorem, and the form of the N=1 supersymmetric
dilaton-axion effective action and its physics.</span>
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Superspace formalism gives effective action:

@:_f‘lfd"z\/—ge27(;(V7)2+112R+3(V[3“/1)2) \

+ /d% vV—g [Ac'rW2 — AaTEy—6AcT(F,)?

+8 (2(5 Aa —3Ac) F* F,, + (Ac — Aa) R#P i’z,,,,,pt,)]

éh’, A¥ + A? A“] V.8 — A" A vﬂvur)

+8Aa / d'z /=g ([R""A,, -

+ 2Aa /d%r, J=3 { l(R +24%) g™ —2 (R™ +2.4¢ A)] V7V,
1

Schwimmer-Theisen (2010)

+... stands for terms with higher powers of the fields.

Note: limit without U(1); reproduces S with just dilaton.
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Weyl+gauge invariants at 4-derivative order: /— QW;

AT

W1 = W? "
W;=(A- Vﬁ)u VER )

W5 = .(},-w (A - vﬁ)u (A - V)B)V ’
W:=Rg* (A-VB).(A-VA),,

\Wg =" (A—VB).(A—-VB), VNA-VB),.

Wz = FZ'Z ;
- 2
Wi= (Ve(4-VB),)
Ws = R* (A-VB),(A-VA),,

\

Wy = (9 (A~ V), (A= VB),) .

/

Classified up to total derivatives, Bianchi identity etc:

Bianchi identity implies R* V,(A — V), = ﬁp(}}uv ik~ Vﬁ)y) — 1w,

f'z f? ’ ;
Sm= [dov/5| - T (§+9" (A= V8 (4- 98 ) + L uWi+O(V)

i=1
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Superspace formalism gives effective action:

. . R | 1 2 \
— _ f2 4 o ST = 2 =il +5 _
So=—f fda:\/ ge ™ (F(Vr)+ R+ 5 (VB - 4)°)
i /d“az\/——g [Ac‘rwz — AatEy - 6AcT (F)?

+8 (2(5 Aa —3Ac) F* F,, + (Ac — Aa) R#% i’z,w,,t,)]

+8Aa / d'z /—g ([H_""A,, - éh’, A* 4+ A? A“] V.0 — A* A” vﬂvur)

+ 2Aa /d%: V=9 { l(R " 2/12)9‘“’ —9 (R‘“’ + 2.4k A)] V7V,

! [(;R -24%)g" —2(R™ + 2.4 A)] V.8V.8+8 A"V v,,vuq—} Jr/

Schwimmer-Theisen (2010)

+... stands for terms with higher powers of the fields.

Note: limit without U(1); reproduces S« with just dilaton.
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SUSY Ward identities

N=1 SUSY action on creation/annihilation operators:

(@0 = [plA, QLA = )¢, ) 2@ = —[p)oP
@ A = 0, Q,¢] =0
Q.3 = 0, QX =0,
QN = [p|C, Q',¢] = |p)A, (pa) = (plala)*

\_ _4

spinor helicity

] -
formalism
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SUSY Ward identities

N=1 SUSY action on creation/annihilation operators:

C1@.¢ = [plX, @' A
@ X = 0, Q']
@3 = 0, (2
@ X = [p<, @43
-

D¢, )

0
0,
p)A,

]

4

SUSY Ward identities:

pu (@)% = —[p)*[p|°
spinor helicity
formalism

(pg) = (plalg)*

0= (0] [@",A¢C¢]10) = (0] [Q,A] ¢¢<10) =|p1) (0] CCCC10)

0 [ Accc) =0 |
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SUSY Ward identities

N=1 SUSY action on creation/annihilation operators:

C @ = [, QLA = 1D)¢, ) pu@)® = —[p)pP
[Q, )\] 0, [Q’r,c] 0, ?gi:noarll:i:ictty
Q¢ = 0, @', A

@ X = e, @43

P) X, (pq) = (plalg)®

\_ _4

SUSY Ward identities:
0= (0] [Q",A¢¢¢]10) = (0] [Q",A] (¢ [0) =[p1) (0] ¢ ¢ CC|O)

0 [A4(c<c:0 - 0 }
0= (0] [@",A¢ ] 0) = [p1) (O] XACC [0) + [p2) 01 E¢ ¢ C] [O)
| A(CCco)=0
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SUSY Ward identities - results

A4(CCCC) = AuCCCE) = 0,
ACCCC) = A(CCCE) = ... = AyC(CC)=0.

While A4((CC¢) can be non-vanishing.

Now write ( = ¢ + £ . Then

As(pppp) = AEEEE),
Aslpppp) = Ay(pp€8) + Aslp€p§) + Ay(wEE ).

Action with only dilaton interactions cannot be SUSY!
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N=1 SUSY dilaton effective action

e We matched
S = SWZ - Sinv

to Schwimmer+Theisen result ~v5 = —6v7; = 273 = —4 Aa

e Take trivial bkgr limit to test via SUSY WI's:

So = /d4x{ - f; & [(67)2 + (6;3)2] +2Aa [2 Or((0r)* — (8B)*) + 4 0B (o7 - 8p)

—4(9r-08)* - ((0r)* - (6{3’)2)2] “r 0(65)} ;

* Rewrite, noting: 7 = (+if) o |9Z2 =% ((87)2 + (aﬂ)z)

Tad Plas®. (92 “*Dz_ YA 2DZ 0z |1 e
S;]—/dl,'{ Q.dZ|42Aal (Z Z 7 7 T 7 + O(0°)
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N=1 SUSY dilaton effective action

: w H "
e Expand in “physical modes dilaton axion

Z=1—§, <=<p‘fw'g/
il 1
s [[ate{ - 3 (@01 + @67

22 (002 - @er)" +acop- oty |

+f4

\

Plus terms that vanish on the EOM: [Up =0, [¢é=0

/

e 4-pt amplitudes obey the SUSY WI'’s, e.g.:
4Aa
As(pppp) = ?(s2 + 12 +u?) = Ay(EEEE)

Adip o) = 4?—:‘(—s2+t2+u2)
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