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How robust Ls this?

e — —

How easy/difficult is for the Axion
to get mass from UV physics!?

(of course, without spoiling the axion solution
to the strong CP problem)
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Axion mass dependence with the UV

Not to spoil the solution to the strong CP problem:
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Including fermions: ‘tHooft 76
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Including fermions: ‘tHooft 76
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chiral breaklng process

ms

UV instanton highly suppressed



Simplest way to enhance the UV contributions:

27T
) Larger Os at the UV to enhance € @s(&)

Il) Closing fermion lines by Higgs:

 Yu Yd Ye Ys Yt Yb

— ~ 1074
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Yt Ys

Or extra “Higgs” at the UV with larger couplings,
but danger to generate extra phases
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(1012) GeV*  much larger than QCD!



Simplest model:

Extra color scalars (e.g.at the TeV) m freezing s at the TeV

10 107

But, how to keep the scalars light?
(plenty of new hierarchy problems) 'QCD!
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Other options:

Agrawal, Howe 17

)  SUB)1 x SU@B)2 x ... x SUB), = SU3)gcp

. Dimopoulos, Hook,Huang, Marques-Tavares 16
II) Mirror worlds



UV completing QCD with an extra dimension

T.Gherghetta, V.V.Khoze, AP, Y.Shirman arXiv:2001.05610

For concreteness, orbifold with localized matter on the boundary
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For concreteness, orbifold with localized matter on the boundary

Mp o,
5D T .
* | DA e os
A
4D — —
integrating over 5D fluctuations
Aqco around the uplifted 4D instanton:

Al (z,y) = A/(f)a(x), Af(x,y) =0

B 2, (r — x0),
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UV completing QCD with an extra dimension

T.Gherghetta, V.V.Khoze, AP, Y.Shirman arXiv:2001.05610

For concreteness, orbifold with localized matter on the boundary
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UV-cutoff:

gEQ)A5 @SA5R
2473 s
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w including the axion:

Seﬁ‘ — Seff — Z&/f

since O\y&@lﬁp\s& = a

UV-cutoff:
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integrating up to:

0.3 AAs

0.25 As

0.2 A\s

1000 100 109 1012 10710 1018
1/R (GeV)



Extra dimensional AdSs T. Gherghetta, AP, arXiv:2109.xxx

\

GIJ
AdS;s throat
. . ds? = 1;—22 [dazZ + dzﬂ
\ -
v >
Ads boundary extra dim z

Logarithmic correction to the gauge coupling
of the gluon on the AdS boundary

Expected from the AdS/CFT correspondence: (JJ) ~ logp

AdSs « CFT charged under QCD




Extra dimensional AdSs T. Gherghetta, AP, arXiv:2109.xxx

boundary - extra dim z
\
The only instanton found in the AdSs is a “cylindrical” one:
no z dependence

AZ(ZC, y) — A,SI)Q(ZE), Ag(ﬁlj, y) — ()
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boundary - extra dim z -
\
The only instanton found in the AdSs is a “cylindrical” one:
o o no z dependence
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Extra dimensional AdSs T. Gherghetta, AP, arXiv:2109.xxx

.+ Charge conservation!
//§/ 4D.topological charge:
Ads N L T
boundary E "/ / d4X FF — 1
: e 3272
A
The only instanton found in the AdSs is a “cylindrical” one:
o o no z dependence
S 87 S 87
inst g2(1/R) g2(1/p) = Small instanton

—EC, are suppressed!
compactification scale I ——






In the way... we have found plenty of simple analytical
Instanton-Anti-instanton solutions
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obtained by conformal transformations



In the way... we have found plenty of simple analytical
Instanton-Anti-instanton solutions

a a Ly a
A,u(xwz) — Qnuyﬁf(x7z) Y A5(QZ',Z) — O

(2% + 2%)?

flz,2) = r2p? 4 (22 + 22)?

Instanton and anti-instanton

annihilate at z~p!
consistently with charge conservarion (q=0)

L — ———

obtained by conformal transformations
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Ads boundary
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Anti-Instanton ¢







Conclusions

e

® There is the possibility to give contributions to the axion
mass from the UV = Small instantons

® We can enhance the small instanton contribution by
enhancing the gauge coupling in the UV

e A flat extra dimension can do it, but we must be close to
the non-perturbative limit

® Small instantons in AdSs seem to be suppressed!

Not UV localized instantons!

although plenty of nice analytical instanton-anti-instanton solutions



