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MeV-to0-GeV scale new physics

rare SM processes <@ excellent BSM probes



the LUXE experiment

LUXE LOI 1909.00860
6 LUXE CDR 2102.0232



strong field experiment

electron in strong field
ey Volkov state, dressed electron

Intense laser

e~ beam —b/

Ritus, 1985
SLAC 144 (96)
Hartin, Ringwald, Tapia 1807.10670 7



strong field experiment

electron in strong field
ey Volkov state, dressed electron

v

non-linear & non-pert.
Compton scattering

Ritus, 1985
SLAC 144 (96)
Hartin, Ringwald, Tapia 1807.10670 7



strong field experiment

electron in strong field
ey Volkov state, dressed electron

v

non-linear & non-pert.
Compton scattering

Intense laser
\ ey

ey —>

Ritus, 1985
SLAC 144 (96)
Hartin, Ringwald, Tapia 1807.10670 7



strong field experiment

electron in strong field
ey Volkov state, dressed electron

v

non-linear & non-pert.
Compton scattering

Intense laser
\ ey

ey —>

Ritus, 1985
SLAC 144 (96)
Hartin, Ringwald, Tapia 1807.10670

v

ete™ pair production
(quantum tunneling)

e

WQW

€



strong field experiment

electron in strong field
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strong field experiment

hunt for unobserved
SM phenomena

the quest for
new physics

\ e\_/ W@W
e —> Intense Iaser‘
Ey
N
y(or ¥*)
Ritus, 1985

SLAC 144 (96) e;;
Hartin, Ringwald, Tapia 1807.10670 7
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electron

Free GeV
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ey ey
* 4 6
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the photon spectrum
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the photon spectrum

Compton rate
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outgoing Compton photon spectrum
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the photon spectrum

Compton rate
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new physics production at LUXE

Secondary v Photons Magnet EMCal
mostly for new physics  |Production Dump

with photon coupling =
e > §
e-laser int. >
chamber < ><
LD LV

Primary
mostly for new physics  |Production

with electron coupling
€
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relevant new physics scenarios

¢
ga,gb 4 A HU 4 A¢ FMVF/AI/
pseudo-scalar scalar
(ALP)

X=a,¢ mye[MeV, GeV] Ay>m,

well motivated BSM scenarios
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Photoproduction

same for scalars
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Photoproduction

................. a/
d O.elastic
o 7 =a ZyF T(I)Fa_w H (my, m,, s, 1)
N | | )
a ~ target form kinematical
—FHF charge factor function

4N, HY
same for scalars
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Photoproduction

’y ................. a
dO'ell\?StlacN
- 2 12
’7* dt = ZNF]TI(t)Fa—n/y %(mNa maa S, t)
N N | ! l
target form kKinematical
KF H UF charge factor function

same for scalars

Primakoff production of ALPs and P = 7, 1 are similar

elastic elastic
do-N—)gN Fa—>y}/ %(mN, s 3, t) do N—)PN

dt FP_W K (my, m,, s, 1) dt

at the forward region

data-driven signal normalization

(cancel form-factor and flux dependence)
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secondary ALPs production

Secondary
Production
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ALP signal estimation

EMCal

Secondary Vi Photons Magnet
Production Dump

e

Muon det.

e-laser int.
chamber
Ly Ly

15



ALV signal estimation

number of ALPs

EMCal

Secondary Photons Magnet
Production Dump i
e-laser int.
chamber

a ~ 4 a
E~E, T ’
9 PwXo E? —m?
7NeNBX A L =
wi a m.T
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ALP signal estimation

number of ALPs

Secondary v Photons Magnet pucal
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L L
b v 9 NN PwXo E? —m?
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- T
>
O
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3
<
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| LUXE-NPOD | LUXE-NPOD 3
phase—0 phase—1
10—6__ 4 10—6__ 03
5%102 107! 5x107! 5102 107! 5%107!
g s [GeV] Mq,1GeV]

19



ALP signal estimation

number of ALPs
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background estimation

Backgroun

7L
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background estimation
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3. real photons - very hard to estimate (extrapolate from a shorter dump)

16



background estimation
ﬁiﬁ'ﬁi"&?&‘f\ "L

Y

€

e, u,m, K,p ..
backgrounds (based on GEANT 4 simulation):

1. charged particles - bended by a magnetic field
2. fake photons

3. real photons - very hard to estimate (extrapolate from a shorter dump)

B < 0.01 [ | T T T T | T T T T | T T T T | T T T T | ]

zl= =
0.009FE—i..2....Electrons on dump: ... $ LUXE-NPOD_ 7

_ _ : _ 2
el Fitsesncl  EEEFt&95%Cl - R, = —L ~ 1.3 x 1073 almost independent of the dump length

0.007 f_* .................................. ................................... .................................. _:

S S s S
N 2 s S — }_ * u,(1.0m) & R, 1,(1.0m) = 0.013
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background estimation
e

Y

e

e,u, 7, K,p. ..

backgrounds (based on GEANT 4 simulation):
1. charged particles - bended by a magnetic field (1.5T of 1m)

N 8.2 _—10f,_.
2. fake photons - N,,_,,, = 5 X 107, e f, 'R
N 6 ~10f,_,
N,n, = 1% 10%,_ e~ YR

3. real photons - N,, & 8 X 10°R,,; dominant

R, - event selection rejection depend on detector technology

fn_w - neutron fake rate (energy, pointing and timing resolutions)
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backgrounds (based on GEANT 4 simulation):
1. charged particles - bended by a magnetic field (1.5T of 1m)

2. fake photons - N,, ,,, & 5 X 103f2 e_lof’HYRsel

n—y

Nyysny 2 1 X 106ﬁwe—1%»y1esel *

3. real photons - N,, & 8 X 10°R,,; dominant

RseI’ fn S 10_3

—Yy ~
for background free
achievable with current

technologies
(CMS/LHCDb/SHIP)

R, - event selection rejection depend on detector technology

fn_w - neutron fake rate (energy, pointing and timing resolutions)
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ALP reach estimation
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primary ALP production

Primary Yi
Production

a, ¢

>o<:}}:

€
+
Ly ap = 18a00€Y5€ + gpoaee
ALP-electron ey e — N
2 ; LUXE-NPOD :
o= X g ae i primary new physics production ]
vV i £=34, y=0.65
ALP-photon X L0151
ey [
) o« 1/A2, 5=
|®> L‘
- —16 _ _
milli-Charged "y 107 F— f=¢y a, g.=10"*
e ----- f=ev ¢, g4e=107"
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back to Photoproduction
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a photon beam e . prompt/displaced
O(few GeV) decay to yy
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N N a ~
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target N: ©4A, He
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PrimEx/GlueX LUXE-NPOD Gamma-Factory
@ J-Lab @ DESY @ CERN

Bai, Blackburn, Borysov, Davidi, Hartin,
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Photon Tagger Pair Spectrometer

12 GeV e-

North LINAC
Photon

Beam Dump

Diamond Radiator Electron Collimator
East ARC Beam Dump Spectrometer

forward calorimeter
barrel time-of ‘

G L l l E /\/\/\/\/ calorimeter -flight —__
target |
‘\.\V ; g ]

photon beam

forward drift
chambers

\ I ; central drift
//' |\ chamber

. electron \
tagger magnet beam superconducting

electron magnet

beam tagger to detector distance
is not to scale




ALP photons coupling
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Probing ALPs
at the CERN Gamma Factory

Balkin, Krasny, Ma, Safdi, YS

2105.15072
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the Gamwma-Factory

laser pulse

partially stripped ion beam
(stored at the LHC ring)

\

the outgoing photon flux:

dN,
E,~ O(1 -400)MeV, —=~ (10'° - 10"%) sec™

factor of O(107) larger than present sources
Krasny et al. 1511.07794




probing ALP at the Gamwma-Factory

production
Yar ng ...................... a VGF ANV s a el
N— - N WBE VoF / ’YFP?E
(1), (4 2) @)
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probing ALP at the Gamwma-Factory

production
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probing ALP at the Gamma-Factory

e, Production
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probing ALP at the Gamwma-Factory

thick target, L¢

}/ 017

sec
E < 400 MeV N N

Balkin, Krasny, Ma, Safdi, YS
26 2105.15072



probing ALP at the Gamwma-Factory

thick target, L¢

—b-ﬁ

}/ 1017

E < 400 MeV N N

Balkin, Krasny, Ma, Safdi, YS
26 2105.15072



probing ALP at the Gamwma-Factory

thick target, Lg decay volume, L,
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probing ALP at the Gamwma-Factory

thick target, Lg
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probing ALP at the Gamwma-Factory

thick target, Lg decay volume, L

a Y
ﬁ
d, = &Ta y Y
ma
dN, 107 detector
Y ~ ")/ ................. a
dt sec Qo
E, < 400 MeV N N
Y
NProd — A7 PrnXo e~ Lsld, (1 —e LD/da) of ~ i
a 4 m a da

2 2 4
f N 10° GeV L, 0.2GeV m, \"{ 10°GeV L, { 10°GeV
N'%6x10° — ~ 3
1024 A 8 x 109m E, MeV A 40 m A

k, =200 MeV
m, = 1MeV
Balkin, Krasny, Ma, Safdi, YS
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probing ALP at the Gamma-Factory

1073

ILIEJ®

PrimEx Belle—II

dN,
(A): E, = 1.6 GeV = = 1010 sec!
t
. E dN,
] (B): E, =02GeV = 107 sec™!
Beam Dumps ' \\\ ’ dN},
'Y ' (A): E,=0.02GeV = 10" sec™!
: ‘\\ | GF dt
\\
\\\~‘ ,'1
| s
107! 10°
Balkin, Krasny, Ma, Safdi, YS
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ALP gluons coupling

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

47ra C,
a GH* G

F,=|A/(327%))

Gluex IRV VN~ SV VN STP a dayp_)ap ) f_ﬂ 2 r | <aﬂ:0> |2 dgyp_)ﬂop . | <a7]> |2 do.yp_)np .
p traget v dt F, d s
p p ' )

La — 7, 1 mixing i
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ALP gluons coupling
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ALP gluons coupling

dra, C,
— a G* G
A F,=|A/(32x%,)|
V/*
’y ................. a
GlueX KOTO
V*
p traget K, — na — 4y
p p
— 1072 105?
L z
O, 1045— i
< i
~
= 103 & —
. §
10 E 0 ;:!—"'_'_"_'f_f'."“:\ :
i T  NA62[2y] _
: GLUEX (expected with 1/fb) 1 g | -"‘“‘ KOTO[47} /N ....... . _%
4. , , , , , '
10 0.2 0.3 0.4 0100 50 100 150 200 250 300 350 400
yy final state  ma [GeV] ma[MeV]

Gori, Perez, Tobioka - 2005.05170

Aloni, Fanelli, YS, Williams 1903.03586 29



ALP gluons coupling

V/*
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ALP gluons coupling

nrtn~ Run 3
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LHCDb projections for HL - 2203.07048
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Outlook

* primEx/GlueX - prompt search

* LUXE-NPOD: open the door to novel
type of beam dump experiments,
connect BSM and high intense QED

and Eu.XFEL (pass CDO stage)

* the CERN Gamma-Factory

all probe different and unexplored
ALP (and scalar) parameter space
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ALP gluons coupling
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ALP gluons coupling
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— a GG ALPs hadronic rates?
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ALP gluons coupling

dragc, 3 .
= aG"G,, ALPs hadronic rates?
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one Lorentz structure modified VMD
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ALP gluons coupling

dragc,
— a GG
A KU

replace P by P-ALP mixing

mﬂ'
3 1 E I ! I |- .l-----'l'""'I‘"""'""
Q — a7 a— "' unaccounted for (dashed) j
1| a — T a— KKW
107 & =
:
1072 & a— ¢¢
3 o ]
10 E a—n'nw E
107 / * E
-5 _
-6 _
-7 1 . . | . . . . . .
10
1 2 3
This Work Experiment ]
VMDx|F(m)|?  Average SU(3) Ma [GGV
}/] c B(1e — ww) 0.40%  0.20+0.10% 0.44 -+ 0.06%
B(ne — ¢¢) 0.25% 0.28 +0.04% 0.28 4+ 0.04%
B(n. - K*K*) 0.91% 0.91 +0.26% 1.00 £ 0.13%
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