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* Standard QCD Axion - compelling solution for Strong CP problem

* Pseudo nambu-goldstone boson with mass m, = m]’ff” (from QCD potential)

a

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

Large parameter space is excluded

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

1. Isheavy m,~GeV > m,f;/f.,=>
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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m,~GeV scale axion

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
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B meson decay

This talk “LL axion”
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EFT Framework for production
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EFT Framework for production

Mass scale of

new physics
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displaced decay of axion
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displaced decay of axion

0 m
4 10 T T
10 [ 7 ™ a7 ]
| / ! ’E\ f 1! |
L / II '" \ 1! 4
o 0mo S g4 10-% | 10! L
5000 ¢ / -l l':u \ Y E - |
W /! TR ! ”
/ / (LT - 11 -2
/ /A1y 10em g 107 ¢
7 ’ ! ,'l'l\ 11
ti 1m0 1y i ‘
H / 110y il 107 3 y
T ~ - by 7 T 107
I I, ,/ 'l ll \ \\ "/ 1 & Ali
1000F / 10em[ Py lem g 1 o) T
: / / I 1 ‘\ ' 104 } S
T I . I P
5000 2 1 1\ ! 10 '
AT — 10° |
i/ lcm ! t”
P g F]/ cr=Imm
¥ ! sl -6
T e BR[B—Ka]=10" 107 ¢
| /
IOO . II \ 1, ) 1 A 1 . i \ J 10-7
0.5 1.0 1.5 2.0 0.4 0.6 0.8 1.0 1.2
m, [GeV]

m,|GeV]

D. Aloni, Y. Soreq, M. Williams
arXiv:1811.03474

11/10/2021 LLPX



a— 3
* Signal: B-> Ka(- n’ntn™)

* We can resolve displaced vertex!



a— 31

* Signal: B-> Ka(- n’ntn™)

* We can resolve displaced vertex!

e DV cut:

electron (7GeV)

Fiducial volume

—40<z<120cm

1<r<80cm (r=.x%2+y?%

¢: azimuthal angle around z-axis, ¢=0 for (x,y,z)=(1,0,0)
0: zenith angle; 6 =0 for (x,y,z)=(0,0,1)
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a — 31 DV efficiency
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Background:

B— Kn(- nntn)

B Kw(- n’nmtn™)

B - KK*°(892) (—> 'K (- Tl’+1'l'_))

B KK;(- n’ntn)

a- 3n
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Background:
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a- 3n

Background:

B— Kn(— n%n*n~) suppressed by DV cut = Ng ~ 0

B > Kw(— n®m*m™) suppressed by DV cut = Ng ~ 0

B - KK*°(892) (—> 'K (- Tl’+1'l'_)) suppressed by m+,- = mg_cut = Np =~ 0

B - KKL(—> 1t01t+1t‘) cTg, ~ 15 mistoolong = Ng = 5 events around m, = mg,
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a- 2y
Signal: B—» Ka(- yy)
Vertex can’t be resolved!

Event with d;,, < 20 cm classified as “prompt”

\

. dis d
Mass Smearing Gm,,,l,’ ~ =

m, should be taken into account in the mass binning

Background - 150 events per MeV at Belle Il (based on B = Kn analyses of Belle arXiv:1110.2000)

We lower our projection to d;;;,=20 cm contour in the 145 < m,; < 500 MeV mass range



fa[GeV]

a - 3 & a — yy projections at Belle Il
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Summary

e Show displaced a = 3m is almost background free at Belle |l

* Study a — yy at Belle Il

* Derive projection of Belle Il reach in these two channels

Belle Il can even reach axion with f, ~ 10 TeV



Thank you!



