Heavy QCD Axion in b — s transition

Pheno 2021

Speaker: Vazha Loladze

arXiv:2102.04474 Sabyasachi Chakraborty, Manfred Kraus, Vazha Loladze,

Takemichi Okui, Kohsaku Tobioka
5/24/2021 Pheno 2021



Axion

* Standard QCD Axion - compelling solution for Strong CP problem



Axion

* Standard QCD Axion - compelling solution for Strong CP problem

* If f,(PQ braking scale) > EW scale axion is light (m, = m.f,/f,) =



Axion

e Standard QCD Axion - compelling solution for Strong CP problem

* If £,(PQ braking scale) > EW scale axion is light (m, = m.f;/f,) =

Stellar production!

5/24/2021 Pheno 2021



Axion

e Standard QCD Axion - compelling solution for Strong CP problem
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Axion

* Standard QCD Axion - compelling solution for Strong CP problem

* If f,(PQ braking scale) > EW scale axion is light (m, = m f,/fs) =
1. Stellar production!
2. Long lived = detectable at beam dump experiments

Large parameter space is excluded

* For f, > 10 TeV QG ruins PQ mechanism (Quality Problem)



The Extension of the original model is needed!
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Heavy QCD Axion

Is heavy m,~GeV > m f/fa=>
large parameter space is experimentally
allowed! (f, <10 TeV allowed => No QP!)

Solves strong CP problem S

The dominant coupling to SM




Heavy QCD Axion

1. Isheavy m,~GeV > m,f./fa=>

Many models can reproduce this scenario:

large parameter space is experimentally

allowed! (f, <10 TeV allowed => No QP!)

2. Solves strong CP problem

3. The dominant coupling to SM
through gluons
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Existing Experimental Search
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B meson decay

B —» K™ a - unique probe at m,~ GeV:

1. The correct mass!
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B meson decay

B —» K™ a - unique probe at m,~ GeV:

1. The correct mass!
2. Huge statistics (BABAR, BELLE, LHCb, BELLE Il)

Leading order contribution to B - Ka comes at two loop level




B meson decay

Previous search relies on order of magnitude estimation of the amplitude!

o T T =
b— sa (inclusive) =
,\\ M‘iW” » Ka(6) .
- L / : Daniel Aloni, Yotam Soreq,
i E Mike Williams
b 1 arxiv:1811.03474
E”M : gray constraints depend on UV completion :
E137 results shown assume UV = log \‘ +O(1
L T B

m, [GeV]
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B meson decay

Previous search relies on order of magnitude estimation of the amplitude!

E ‘ | / : Daniel Aloni, Yotam Soreq,
E Mike Williams
ke arXiv:1811.03474
E”’ leg V compl
E137 {) 1 1
107 T i 2 —3
mg [GeV]

The two loop EFT calculations are needed for B - Ka process
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EFT Framework
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EFT Framework

dim. 5 — non-renormalizable

\
1
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EFT Framework

dim. 5 — non-renormalizable

|
1 ma
L=Lgy+—— G“ G +5 (8,a) —TGaz

The additional operators relevant for b - sa phenomenology:

d,a _
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EFT Framework

aa
L =Ly + _8 7G“G“‘”’+ (6 a) — a2+qu E qv*ysq+ Cps— f S Y*ys by + h.c.+ -
a a



EFT Framework
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RGE running

Ay Define EFT Lagrangian
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RGE running

Ay Define EFT Lagrangian

Suiuuni 30y

ﬂw~MW



Ay Define EFT Lagrangian
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RGE running

N N

a,a _
Lpsa = Cw f s. Y*ys b, + h.c.
a
ayy 1la,,
o = Cosit) + 22 Coqlit) 96D + 322 (22) fm)
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RGE running

Ay Define EFT Lagrangian W W W
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B — Ka rate

Using Light-Cone QCD Sum Rules:

ms m2 \°
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Axion decay

Data driven approach: Daniel Aloni, Yotam Soreq, Mike Williams arXiv:1811.03474

70
: @ — 9 I'\ Ve ® s . j [isaaa | P p AP ===~ T===

\\',-‘T YYA e—urw .” unaccounted for (dashed)
. ), A\ N\ Y
/ | \
)" \
."‘l N

107+
107*
15
iz

107

107°

I IHIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I Illlllll T TTTIT

1 2 3
mg [GeV]

5/24/2021 Pheno 2021 26

10_7 | 13 | | I |



107!

10°

Bounds and Projections
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a — 3t displaced vertex
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a — 3 displaced vertexand a — yy
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Thank you!



