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Introduction

Discuss possible New Physics searches with A2@MAMI

Experimental setup

photon beam Ny
PID & tracking
detectors. t

Excellent E/pos
resolution
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Possible NP searches

e ALP in Primakoff production

e In n/n’ decays
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Experimental setup



A2 experiment - The Mainz Microtron

Continuous electron beam

Acceleration stages
- Linac and 3 RTMs — EJ®* 855 MeV
- HDSM — E™ 1508 MeV

Polarised or unpolarised electrons
I 20 pA or 100 pA (pol/unpol)
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A2 experiment - The Mainz Microtron

Continuous electron beam

Acceleration stages
- Linac and 3 RTMs — EJ®* 855 MeV

- HDSM — E™ 1508 MeV

Polarised or unpolarised electrons

I 20 pA or 100 pA (pol/unpol)

A2 experimental hall

o 1™ ~ nA and ET®* 1604 MeV
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TAPS
CEE

Tagger

D u ystal Ball
I

Photon Beam

MAMI Beam

e High precision nuclear experiments with real photons
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A2 experiment - Photon beam

Energy
Glasgow-Mainz Tagger End Point Tagger
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A2 experiment - Photon beam

Flux Polarisation
Depends on polarisation, e None: Unpolarised e"-beam -+ amorphous radiator
energy and collimator size
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A2 experiment - Targets A\z

Unpolarised targets Frozen spin target
e Liquid hydrogen /deuterium (Deuterated) butanol + Dynamic Nucleon Polarisation
d = 70.548(10)/163.24(2) x 10~3 g /cm® — polarised (neutrons)protons

L =30.2(3), 47.2(5) or 100(1) mm
3 ®) @ Py =70 % 6Py/P,=2—3 %

P8 =50 % 0Py/Pp=4-5%
Relaxation time ~ 1 week
L =20 mm

Frozen butanol pallets

3He/*He

e 3He/*He

Target cell

e Solid targets - C, Al, Pb,...

Lena Heijkenskjéld - New Physics with A2 - Experimental setup 5/13



A2 experiment - CB-TAPS setup

TAPS

Highly segmented EM calorimeter
AE/E = 0.018 + 0.008/ E[GeV]%-®
0p =14...0.95°

Crystal Ball
Highly segmented EM calorimeter
AE/E =0.020 - E[GeV]°-36

04 =0g/sinf ’
op =2 — 3° o < 1
Particle ID

. Photon b -
Barrel of thin oton beam TAPS-Veto
scintillators Thin scintillators before
A = 15° each TAPS crystal

Multiwire Proportional Chambers

Precise charged tracking/positioning
og ~ 2°

PID Energy

og ~ 3°

CB Energy 6/13
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Studies




A2 studies

Axion-like particles 7 and 7’ decays

Primakoff process: e large existing and future data-sets

e Highlight existing studies usable for NP searches

- n— 70y

- n— 77070

_ 77/ N ’r]TrOﬂ'O
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A2 studies - Pri ion of ALPs
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A2 studies - /1’ data sets

v+p = +p

Old n-data (2007,/2009) n’-data (2014)
* 61077 o ~6x10° 7
e Many A2-publications e Special tagger developed

New 7-data (2019)

e ~ 2-3 times old data

e Goal: collect 3 times more

New 7)-data n’-data
Emax EZ,. + 695/740 MeV EZ. + 780 MeV Efy, + 130 MeV
Trigger: Ecg > 320/340 MeV Ecg > 480 MeV Ecg > 540 MeV

+ cluster multiplicity
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A2 studies - n — 70y~

A2 publication Possible new physics search

[A2, Phys.Rev. C90(2) (2014) 025206]
e Exclusion limit for hadrophilic S-boson

e Old 7 data set ]
generalised models

3
e 1.2 x 10° events measured n — 105 — 109y

: 0 2
e Most precise results on dI'(n — 7°y7y)/dm*(y7) e Exclusion limit for leptophobic B-boson
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A2 studies - n — 707070

A2 publication
[A2, Phys.Rev C97 (2018) 065203]

e Old n data set

e 7 x 10° events measured
e Most precise study of dynamics

- Parametrisation of Dalitz plot density

- Cusp from 777~ — n%7°

1.02F

Exp./Ph.Sp.

[ + This Work: A2

0.98 ~ — — Dn(a), A2

Dn(a,B), A2
- Dn(a,B,6), A2
- - NREFT(n- 3n), KLOE+A2

vvvvvvvvv NREFT(n- 31°), A2

T T

0.3 0.35 0.4

- _ m(nn®)_[GeVic?]
Lena Heijkenskjdld - New Physics with A2 - ‘Studies

Possible new physics search

Exclusion limit for up/hadro-philic S-boson

n— 7S = nOrx

[Phys.Rev. D100 (2019) 095020 ]

n— nontn~
Dalitz plot result
4.7 x 10° events
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A2 studies - ' — nmon0

A2 publication
[A2, Phys. Rev D98 (2018) 012001]

e 7/-data set
e 1.2 x 10® events measured
e Most precise study of dynamics

- Parametrisation of Dalitz plot density
+

7 — 770

- Cusp from 7w

Exp/Ph.Sp.

0.28 0.3 032 034 036 038 0.4
m(x°a°) (GeV/c?)
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Possible new physics search

Exclusion limit for up/hadro-philic S-boson

n —nS —nrw

[Phys. Rev. D100 (2019) 095020 ]

0
BESII |7 = ™7
s | BR result
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Summary




Searches for New Physics in the MeV to GeV region

A2 experimental setup Possible new physics searches

£ e Axion-like particles in Primakoff production

N
8
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Crystal Ball

, | | | |
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tagger channel

PID & tracking ® 7 and ’I]l decays
- = 7y
- n— 707%7°
- = nn’r°
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Summary

Searches for New Physics in the MeV to GeV region

A2 experimental setup Possible new physics searches

£ e Axion-like particles in Primakoff production

Crystal Ball

N
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