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Motivation: Why this model?
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CP-violating yGG coupling | Enhance RH gravitational waves

[ Dimastrogiovanni, Fastello, Fujita, JCAP 01 (2017) 019 ]

ZLs.cNj requires 60 < 4. Can this come from UV?
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Coupling 1 is quantized!

Look at the yGG : Z: D / v GG
- S—CNI @ )

. Shift Symmetry: y =y + 2xf
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~ AL o= 70 (af)- GG

. We want § = e//4* A% cn = | thus
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327120 Fact!

What UV completions generate large integers 7 ?
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Method 1: 7 from Chiral Anomaly

KSVZ axion, coupled to heavy fermions charged under SU(N):

2N, L(Q)ax

KA\ - ~
Ls_en1 DY - fexp (z—) ww+h.c. ZLEFT D xGG
f 8zf

We get, %1 ~ ZMIZ(QJ ,  Dynkin Index L,(Q) 5% = Tr[t%"]

&Gauge theory is perturbative at scale f: 2Nf12(Q) a<l-—

[ Agrawal, Fan, Reece, JHEP 10 (2018) 193 ]
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Method 2: 7 from Clockwork

Two-site clockwork: 2-Dim field space to keep Ay, ~ f; < My,

H1 ~ Hy

X1 X1 X2 a X .~ .
Lo Sutcos =) +utcos |t - = —2Z= +——=GG,With F, =¢, - F.
S—CNI ~ H#4 <F1> 12%) < 2 F, Fz) 87 F, 1 2" I

What happens when one axion is heavy, uy <K iy?

[ Kaplan, Rattazzi, PRL D 93 (2016) 8 ]
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Method 2: 7 from Clockwork

Two-site clockwork: 2-Dim field space to keep Ay, ~ f; < My,

K1 << Iy

X1 X1 X2 a Xy .~ .
Lo Sutcos =) +utcos |t - = —2Z= +——=GG,With F, =¢, - F.
S—CNI ~ H#4 <F1) 12%) ( 2 F, Fz) 87 F, 1 2" I

What happens when one axion is heavy, pu; <K iy?

[ Kaplan, Rattazzi, PRL. D 93 (2016) 8 ]
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Method 2: 7 from Clockwork

Two-site clockwork: 2-Dim field space to keep Ay, ~ f; < My,

P << fo

Integrate out w,:
A _

*'F R

a .
Ls_cni D Hi €os (%) + p cos (fz i ﬁ) + L2266, with Fi=¢,-F,

1 Fl F2 877: F2

X1 a X1 .~

A Sutcos =) +4, - —2-GG
EFT - M1 <F1) 2 87 F,

With N-Site clockwork: [z,”z = I! KJ

[ Kaplan, Rattazzi, PRL. D 93 (2016) 8 ]
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Method 2: 7 from Clockwork

Two-site clockwork: 2-Dim field space to keep Ay; ~ f; < Mp,

M << Hy

-

Integrate out u,:
Xl _ X2
£y =22
Fy B

With N-site clockwork: [fz =IY! KJ

Perturbative Unitarity: 7, cannot be arbitrarily large, either!

—Re ,,_, 1 e
A 16)0( M <5 —>/,t<fm>,u1<...<,un<Fn—>@1§F1/f;
T

[ Kaplan, Rattazzi, PRL. D 93 (2016) 8 ]
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UV Clockwork in the Parameter Space

Combine the two methods (bounds):

ﬂzzﬁ'fzi < a—l.(i) i_)Gosﬂsij
2r u’ 2r 27y
Are we free to choose A, u, f?
A Not Free
GY xm HIM A x— > (A,

Parameter space is still too large! Any IR constraints?
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e
IR Constraints

Agreement with Physical Control
Observation
=P+ I < 0.036 V2 <my,
% _ rSC >1 .
GW — Small Back Reaction
vac
+e€, < e
€ €
ATE, 3222M3, P Small Loop Quantum

Corrections

Function of@ —mg onIyD

[ Papageorgiou, Peloso, Unal, JCAP 09 (2018) 030 ]
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IR Constraints to Fix g, m, and H/Mp,
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IR Constraints to Fix g, m, and H/Mp,
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g = 0.01,
6.2-107° S H/Mp, $1.0-107
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IR Constraints to Fix g, m, and H/Mp,
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g=0.014 my,=27and H/Mp=282-107°
—Add the UV clockwork constraint in A — f
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Satisfying the UV Clockwork in IR Theory

14¢ ‘- > Difficult to
. 2i | }L UV-complete
. [ ‘ .
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S-CNI @; not compatible with cIockwor@UV completions!

Hengameh Bagherian | hengameh@ag.harvard.edu UV-Complete S-CNI


mailto:hengameh@g.harvard.edu

Thank youl!
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