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APV 1in muonic atoms
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Can we measure APV directly with muons?

Renewed interested about |0 years ago:

(1 Muon specific force related to g-2.Is the muon special! — Model specific
(d Neutral currents are not tested with muons at low Q2! — Generic
A Kick-started muX 2015-2019 measurements

Testing Parity with Atomic Radiative Capture of u~

David McKeen and Maxim Pospelov
Phys. Rev. Lett. 108, 263401 — Published 29 June 2012

Extending theories on muon-specific interactions

Carl E. Carlson and Michael Freid
Phys. Rev. D 92, 095024 — Published 23 November 2015

Constraints on muon-specific dark forces

Savely G. Karshenboim, David McKeen, and Maxim Pospelov
Phys. Rev. D 90, 073004 — Published 13 October 2014, Erratum Phys. Rev. D 90, 079905 (2014)



muX looking at Z=30

. Atomic parity violation (APV) in muonic atoms

arises from an admixture of the
opposite-parity 2P state in the 2S state, allowing
for EI-M|I interference in the 2S-1S transition

. Is the muon special?
. New physics ~ SM effect?
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Metastability of the Muonic Boron 2§ State

K. Kirch, D. Abbott, B. Bach, P. DeCecco, P. Hauser, D. Horvath, F. Kottmann, J. Missimer, R. T. Siegel, L. M.
Simons, and D. Viel
Phys. Rev. Lett. 78, 4363 — Published 9 June 1997
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J A, scales with I/AE, ~ Z*,% level for Z =5-10, 10 for Z=30
Q  BR(ly)/BR(other) < 10* — > 107
d  Low-Z — low P gas target (get rid Auger transitions)
d  Big compton Background
a  muX@ PSI

A  Can we get good S/B?

A Reach APV experiment? O(SM) or better?
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muX (2015-2019)

Also for radium HPGe
charge-radius experiment detectors
R16-1-01 Muon counter for

t=0

So we have:

p-time — t=0
Beam-halo veto
M-decay in orbit time

°
°
°
e X-ray time/energy/angle



Timing cuts

Bread and butter spectrum
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Energy resolution helps: HPGe detectors
Timing helps: A challenge with HPGe detectors, we get 10ns > 1 MeV
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2S1S Kr runs L<
3

A Increase 2S population by pH — pKr 2

A ~4 fold increase in 2S population .

A 2mm lead shielding against 2s2p + 2pls PU S D
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S/B ~ 1/10, o, ~ 10%



Y-Y coincidences
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Energy spectrum of the left detectors with a prompt 3d2p in the right
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2S51S 1n Zn, 2S tagging

Gated germanium spectra, summed xy projection
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2S Tagging

A Obtain a purified 2S sample

 normelzad on gate vidth
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2S51S 1n Zn, 2S tagging

25 Tagging
A Obtain a purified 2S sample SIB="7
Q  Efficiency? dependence
A 180 degree detector pairs
O 10'° muon stops after cuts
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BAPV with HiMB

2S1S measurements with HiMB

What can be done with all the muons you can get?

O Using high intensity negative muons: 10*-10° muon stops/s —107
(10°)

A Still do an event by event experiment ( u-y coincidence)

A HPGe trigger rate < 10 KHz (not a hard limit, but neutrons damage ... )

~ 1m from target
A More statistics, and more breathing room to optimize detector

geometries. e
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BAPV with HIMB (muX Z=30 style)

GeH4, GaH,(H),GaH, for lower Z?

uH transfer O 107 muons/s
[  Keep distance (80 cm)
A DOl fraction of 0.07
A Experimental BR
electron counters d 16 HPGe detectors @ 80cm
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A HiMB intensity help < O(10)

not fully profiting from HIMB intensities



BAPV with HIMB (muX Z=30 style)

2S tagging A Tag 3p2s photon
O Efficiency?
Scattered photons
creating fake tags
electron counteys
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BAPV with HIMB (muX Z=30 style)

2S tagging + Kr
transfer A Even with a HPGe, 3p2s S/B is 0. |
(A Sacrifice a bit,and use a high
Scattered photons resolution scintillator
creating fake tags (A  To first order,BG is 2P or IS
feeding: OK
electron counters
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BAPV with HIMB (muX Z=30 style)

2S tagging + Kr
transfer

A Even with a HPGe, 3p2s S/B is 0. |
(A  To first order,BG is 2P or IS
feeding: OK

Scattered photons
creating fake tags

electron counters
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Getting rid of DOI loss, and get average polarization
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BAPV with HIMB (muX Z=30 style)

5* 107 muons/s
~ 50 Hi RES scintillators tagging det

S/B =0.5
Move closer to 25 cm
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HAPV with HiMB (Z=5-10 style)

R
O  SMe-y(2sls) correlation of 102 @ Z=10 Ey =50 keV %O
%
O  SMe-y(2sls) correlation of 102 @ Z=5  Ey = 400 keV '09)
Experimenta| difficulties to overcome VOLUME 78, NUMBER 23 PHYSICAL REVIEW LETTERS 9 JUNE 1997
Metastability of the Muonic Boron 2§ State
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— tag 3p — 2s ( reduce 2P population)

FIG. 1. Sketch of the cyclotron trap [12] with the two HpGe
detectors mounted in 180° geometry. The symmetry axis of the
coils and the B field between them are horizontal.



HAPV with HiMB (Z=5-10 style)

R
O  SMe-y(2sls) correlation of 102 @ Z=10 Ey =50 keV %O
%
O  SMe-y(2sls) correlation of 102 @ Z=5  Ey = 400 keV "o,
Experimental difficulties to overcome
I. Suppress2S — IS+eand2S — IP+e
— Kick out atomic e during cascade, prohibit
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0.1 Bar.
4 N
He + Ne/B,x
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BAPV with HiMB

LogmeREL gL
3 = (c1'(1ag)
S_qme preliminary conclusions: e
Mese Calculation
I} HlMB is not a cure all, but gives us some head room | |
(2 i cti Z) 1)
_: (2 (doi fraction{Z,df per.loc[Z]] 11
107 - 10 precision possible,< 10*is hard e (401 fractioniZ,a per.loc(2)] )
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- .—.For Z = 30, (new) new-physics motlvatlon"

fEI;fi ‘HPGe detectors not ideal for HiMB rates. Can;we use'l-hRes scmtlllators, O(100000
_'photonsIMeV) ( LYSO, LaBr 3 :Ce 3+ ;Sr 2+, <) ?-Active field. i)
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EI For low Z: Can we efficiently stop 10°>10’ mubnszseconds in low pressure gas?

Some hext steps:

Lt.ylim(§{
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plt.show!l

I _Finish.our. muX work:
o L How good (S/N) can we get the 2S-1S transition

A Do we
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ook estimates — MC estimates for a APV reach
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Extra

Table 4
Transition probabilities and signal factors. The transition probabilities are expressed in units of sec™?; the Stark-effect
probability depends on the gas pressure P in atmospheres, 25— 2P+ “¢” denotes mixed transitions. The signal
factors correspond to the simplest experiment in which the nearly degenerate states are not resolved

a) 2S12-2Pyp interference . b) 3D;-3P; interference
Z 5 10 30 z 30 70 90
' E2
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Page 8 of 32 Eur. Phys. J. A (2013) 49: 40
E T Table 2. Set of parameters resulting from a fit to the exper-
s o ::3, exp, AB imental efficiencies with the parametrization of eq. (1). These
- B O _Eu,exp coefficients correspond to the curves in fig. 4.
& 20_— O ::Eu,oxp,AB
& 3 gt No add-back With add-back
2 = o 4.862 7.549
& 10 Bo 25.669 24.987
i 5 50.491 53.634
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5 F (5) B —10.031 —10.053
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Energy (keV)
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Neutron Damage Resistance

In the GAMMA-X detector, electron collection is the dominant process. Fast neutrons
generate hole-trapping centers; that is, negatively charged defects that trap holes but not
electrons.

Therefore, the GAMMA-X detector, in which the hole collection process is of secondary
importance, is basically less sensitive to radiation damage than coaxial Ge devices in which
the hole collection process is of primary importance. TheseWWeoretical considerations have
been experimentally confirmed.'

Figure 3, a plot of the 1.33-MeV FWHM resolution as a function of fast neutron fluence for
both a GAMMA-X and a GEM detector of the same efficiency, shows that the GAMMA-X
detector is far more resistant to fast neutron radiation damage.! The detector temperature
affects its radiation damage resistance to fast neutrons.

It should be noted that once severe radiation damage has occurred, the “longest
mileage” is obtained by avoiding cycling the detector to room temperature.2 This is true for
either p- or n-type Ge detectors. However, for slightly damaged GAMMA-X detectors

Resolution (keV) FWHM at 1.33 MeV
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Fig. 3. Effect of Neutron Fluence on the Energy Resolution (FWHM)
of the 1332-keV “Co Line for Both Conventional and
Reverse-Electrode Configuration Ge Coaxial Detectors.
(Electronic noise has not been subtracted).

(~0.1 keV degradation), cycling, or even leaving the detector warm for an extended period,
will have no unfavorable effect.3

GAMMA-X detectors should be maintained at a temperature as close to 77 K as possible to minimize the extent of radiation damage. Therefore a streamline

cryostat, with one less thermal connection, is a better choice than a PopTop for this purpose.

Customer-Neutron-Damage-Repairable Detectors

Repair of neutron-damaged GAMMA-X detectors can be performed at any of our worldwide repair facilities, or by you in your own laboratory. Contact us for

information about our Customer-Neutron-Damage-Repairable GAMMA-X detectors.
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Germanium hits versus time ( Projection Z)
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Optical Materials: X 1 (2019) 100021

Invited Article

E 2000
(INVITED) The quest for high resolution y-ray scintillators
Pieter Dorenbos
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fig, axl = plt.subplots{)
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axl.tick params(axis='y', labelcolor=color)

-,

ax2 = axl.twinx()
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Energy Resolution (%)

' I '¥'Cs - RbST, | Eu 2.5%
90,400 ph/MeV - 3.0% at 662 keV
400 B (7 mm dia. by 3 mm) 1
8]
c
= |
s}
O
200 +
200 400 600 800 1000
Channel Number [ a]
16 — . 5
] S ©
14+ ®- RbSr,|;Eu25% | - ;
@ - RbSr,Br.:Eu 2.5% o
12+ * (7 men dia by 3 mem) T >_-
10} 1 5
g
8t ™ 4 8
e @ N
- s L p—
6r Cm 1 2
LS . £
4+ LE i
LI =
2 I
100 1000
Energy (keV) c.

Extra

'¥'Cs - RbSrBr, Eu 2.5%
600 - 64,700 ph/MeV - 4.0% at 662 keV .
(7 mm dia. by 3 mm)
400 1
200 ]
400 500 600 700
Channel Number [ b]
nPR response
115k ' —=— RbSr,Br, (Eu 2.5%)
—o— RbSr,|,(Eu2.5%)
110+ —&— LaBr (Ce)
—v— Nal(TI)
1.05+ m.‘cs A
1.00 F=R=emcerppd o sRpeme 1
|37Cs
095} 1
0.90 - -

160 1000
Energy (keV) [ d]

Table 5

Yield (ph/MeV) and resolution R (%) for scintillators with co-doping. Reference
to the first report and the reports with best resolution (<10%) or light yield

Rphotons/MeV) are given.

Compound year R yield Ref.
NaL:Tl*;Eu®*;Ca* 2010 4.9 52000 [94,198]
LaBry:Ce®*;8r2* 2012 2 78000 [1,82]

Luy gY.25i0s:Ce* *;Ca* /Mg?* 2013 8.4 34000 [85]
LuzAls04,:Ce® *:Mg?* 2014 n.r. 21900 [87,88]
CeBrj:Sr2* 2014 3 55000 [199,200]
NaL:Tl *;Ca®* /Sr** 2015 5.3 30000 [83]
KCalg:Eu®*;zr"* 2018 2.7 72000 [92]

(Lug 75Y0.25)3Al50.:Pr®*;Li * 2018 4.1 25000 [91]
Srly:Eu?*;zrt* 2019 2.5 95000 [93]




