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axion like particles

%* originally - the Axion propose as a solution
to the strong CP problem

* appear in many BSM scenarios
* portal to dark matter and/or dark sector
* If very light, it is a dark matter candidate

* predicted by string theory
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ALPs at the MeV to the GeV scale

dragc, A C, .
3eﬁ~= A aG'M G,MI/ : 4ACZF'M F//ll/

cg;éOorcy;éO

* probing at photon beam (Primakoff like) experiments
* estimate of hadronic decay rates
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Photon Tagger Pair Spectrometer
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ALP photons coupling
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ALP photons coupling

’y ................. a
do.elastic
yN—aN _ 2 -0
/y* dt = ZNF]TI(t)Fa—)y}/ %(mNa maa S, t)
N N | ! l
C target form kKinematical
_r a FH*Y FW charge factor function
4\

Primakoff production of ALPs and P = 7", i are similar

elastic elastic
dO-yN—mN . Fa—>y}/ %(m]\h mg,, s, t) do-}’N—>PN
dt FP—>)/}/ %(mN, mp, S, t) dt

at the forward region

data-driven signal normalization
(cancel form-factor and flux dependence)
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ALP photons coupling
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ALP glugag\s coupling

a
A H F,=|A/(327%,)|
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ALP gluons coupling
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ALP gluons coupling

GLUEX (expected with 1/fb)
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ALP gluons coupling
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ALP gluons coupling

dragc,
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ALP gluons coupling

dragc, 3
— a G"'G
A H

How to estimate hadronic rates for ALPs with
QCD scale mass?
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ALP gluons coupling
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ALP gluons coupling

— " a GG
A HY

How to estimate hadronic rates for ALPs with
QCD scale mass?

m, S GeV m, 2 2GeV

chiral PT pQCD
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information on specific
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e"e” — hadrons U(3)navor combinations
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ALP gluons coupling

— SgaG’“’Gy
A H

How to estimate hadronic rates for ALPs with
QCD scale mass?

m, S GeV m, 2 2GeV

chiral PT pQCD
use datall

information on specific

.
e"e” — hadrons U(3)navor combinations

directly deduce the hadronic rates of vectors

12
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ALP gluons coupling
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ALP gluons coupling

-—— i aG"G,, ALPs hadronic rates?
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ALP gluons coupling
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ALP gluons coupling

47rascg N
— a GG
A HY

ete” —» Vi —> V,P

P

ALPs hadronic rates?

3g2
— U v _a T2 A2 2
‘Q{(Vl — VZP) — eyyaﬂel 62 P p2 I (pl »Pr-{q ) X 47T2f <V1V2P>
V4
one Lorentz structure modified VMD
— 10 = | T T e =
- : : m cte w-like — pr -
é - { e cte” — plike — wr -
" o b, e o s etem o glike —» K°K ]
Boie o s iy | v etem — ¢-like — on
1E :i' S ia i—--i}g!f-l-}----i -----------------------------------------
= ® o TINAL l‘ v
- o <t b
- L ki, 1$;_[|| I
107! = |ﬂ a1 T |
- Y ris
: o 1 ‘
B E—) w-like validity E_i-> ¢-like validity
B E I i—) p-like validit
102 | A IR I O A

from data r(m)=

15

14

2 25
Vs [GeV]
(1 for m < 1.4 GeV
interpolation for 1.4 <m < 2GeV
4
[%} for m > 2 GeV
\



ALP gluons coupling

dragc, 3
— a G"'G
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ALP gluons coupling
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aWW and rare Kaon decays
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aWW and rare Kaon decays
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aWW and rare Kaon decays
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heavy ion collisions at the LHC
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Existing constraints from JHEP 1712 (2017) 044
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heavy ion collisions at the LHC
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Probing ALPs and the Axiverse with
Superconducting Radiofrequency Cavities

Bogorad, Hook, Kahn, YS - 1902.01418
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the idea

probing off-shell ALPs via non-linear QED in a cavity

x (F*F,)* « (E - By’
non-linear Maxwell equations

20



the idea

probing off-shell ALPs via non-linear QED in a cavity

x (F*F,)* « (E - By’
non-linear Maxwell equations

d

e >

Q) | / a)=ia)1ia)1ia)2
I\Aa/?\ E c“tt L E 6iw2t;:\\. .AS
oump B T measure
16 1 6’&&)2 ' .

©2 \/

R — P >

20



the idea

probing off-shell ALPs via non-linear QED in a cavity

x (F*F,)* « (E - By’
non-linear Maxwell equations

:,'\\ Zais=ia)1ia)1ia)2

i
\av Elez’wlt_I_E2eiw2t§ :\ )7

measure

* probes large range of masses - broadband

* does not rely on ALP been dark matter
20
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the Euler Heisenberg effect

> ANAANANNAN Y

non-linear QED
ey Ae * _
x c(F'F,)* + c)(F*F,, )
Y E Y E < me Hiesenberg Euler, 1936

Schwinger, 1951

never been measured below the electron mass!

measured at measured at high energies
(light by light scattering) ATLAS, 2017
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never been measured below the electron mass!

measured at measured at high energies

(light by light scattering) ATLAS, 2017
c,/\ o 10719GeV~1
ALP vs EH " 2 O(1) X W = 10-6 eV ‘com\parable to the current

limit on ALPs (by CAST)
Evans and Rafelski, 1810.06717
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the Euler Heisenberg effect

< gl

non-linear QED
ey Ae * _
x c|(F*F,)* + c)(F*F,,)°
Y E Y E < me Hiesenberg Euler, 1936

Schwinger, 1951

never been measured below the electron mass!

measured at measured at high energies

(light by light scattering) ATLAS, 2017
c,/\ o 10719GeV~1
ALP vs EH " 2 O(1) X W = 10-6 eV ‘com\parable to the current

limit on ALPs (by CAST)
Evans and Rafelski, 1810.06717

improve current
bounds

=
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sensitivity to EH



detecting the EH effect by
superconducting radiofrequency cavities

8l < gl

non-linear QED in the SM
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sensitivity to ALPs
(Q;;gm\[ NR) 0, m <o,

1/4

<Q425K2\/7 NR) m, m,> o,

SNR =5
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sensi’rivify to ALPs
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sensitivity to ALPs
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Outlook

* on tape PrimEx data can improve the sensitive to
ALP with QCD mass scale, future GlueX data will
improve it by order of magnitude

* ALPs hadronic rates can be estimated from data

* future rare kaon decay is a promising channel to
probe ALPs

* higher ALPs masses can be probed by LHC searches
(heavy ion/yy resonances)
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ALP and LFV
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Sensitivity to ALPs

the number of quality cavity pump field
Signa| photons factor volume strength

Y T s

1 ZVE6 C4 " n, < (O
N, =—"a'3x|Ea(x)|2 = < 0 7

A)

2w 20, A* | K5 —
> > — |m, > W
electric field of the Ma
induced ALP current modes
overlap
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Sensitivity to ALPs

the number of quality cavity pump field
Signa| photons factor volume strength

Y T s

1 ZVE6 C4 " n, < (O
N, =—"a’3x|Ea(x)|2 = < 0 7

S S

2 2 A% | KL —
©s ©s — |m, > W
electric field of the Ma
induced ALP current modes
overlap
signal-to-noise ratio (SNR)
(Dicke radiometer equation)
time
o : [~
SNR =~ —
Nth 2L Qs b .
signal
thermal noise J bandwidth
photons |, cavity’s
Temperature/w; length
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Relative Field Strength (A.U.)
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Cavity vs LSW

c,\* N ¢\
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the cavity in practice at Fermilab

2*L

2*R

TEO11 (w,) TM021 (w,) TMO012 (w,)

& & &
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Pisentangling EH and ALPs

Proof of concept with rectangular cavity
3 d Ep - rlEl +F1/E1/+I”2E2
ump 3 modes:
P P TEZZI/TMZZI/TM121

sighal mode: TM ;3

matching condition o;=2w, — w,

K., = 0.047r)(r? — 0.18r7)
* Kgy = 0.059r,(rf — 8.24r7
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ALP photons coupling

o R+ 5) = i — (s = m)2 + 50

H(my,m,, s, 1) = 128x
(my ) m3 2(s — m]%,)z(t — 4m]%,)2
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