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MuZ2e experiment set-up
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Mu2e Beam structure

0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

Proton pulse "] POT pulse
n arrival/decay time ( x 1M)

u arrival time ( x 400 )

Prompt background  ----- w decay/capture time ( x 400 )
(from pions)

Atomic muon
capture 347 keV

UL LA L llllllllllllllll

Live Window
Nucleus muon capture 1809 keV

----------
s ”
- -

=X XYy
————————
aties o S eosrasseceassee e

Proton pulse

1 1 1 1 =3 (P L o] il i i s i i i, i ik, ‘s ‘s | P — 1
0 200 400 600 800 1000 1200 1400 1600

1800

Beam Period: 1695 ns Time (ns)

Atomic muon capture: 347 keV line
Nucleus muon capture: 1809keV line
Activated daughters resulting from nuclear capture : 844 keV line (collected during Beam-off 1 seconds)
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3 important energy lines
* Prompt: 347 keV X-ray 79.8(8)% of u captures, T =10ps
* Semi-prompt: 1.809MeV y ray 51(5)% of u captures, T = 864ns

* Delayed: 844keV y ray 9.3% of u captures, T = 13 mins
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LaBr, and HPGe

LaBr;(Ce+Sr) detector:

energy resolution(@1809keV): 10 keV
rising edge ~ 5ns

decay tail ~ 26ns

pulse width 200ns

high-rate capability ~800KHz
observed average energy ~“3MeV

L aBr o Calibraiton
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HPGe detector:

energy resolution(@1809keV): 1 keV
rising edge ~ 400ns
decay tail ~ 60us
limited rate capability ~73KHz

observed average energy ~5MeV
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Error budgets for 1809keV from muon capture

Systematic Uncertainties Uncertainty of branching ratio of 1809
Factors Values Uncertainty (%)
P capture 0.61 0.3
Br s 051 === ¢ Present:10% [Measday et. al]
Taccep 0. 5em®) 3.34e-9 3
Target Path Atten 0.964 1 * AlCap+ Measday : 7%
Absorber x 0.218(LaBrj) )
Photopeak acceptance | 0.017(HPGe) + Mu2e goal: 5% normalizing to
Total 6.2

l 347keV(2p to 1s)

» Total error budget (statistical and systematic error budget ) is 10%, so 6.2% systematic error
leaves 3.8% statistical error

* Lower systematic error, allows higher statistical error, which means lower integration time
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Two detectors to accurately measure the lines

* 1809 keV line is the ‘Golden Channel’ directly proportional to the stopped muon
numbers.

* The high-rate capability LaBr; allows short integration times.

* The 347 keV and 844 keV will be used as verification lines.
* HPGe will be used to check for interfering lines in the LaBr, signals.

Three possible interfering sources:

(1) Technology independent lines. Lines directly from the source.

(2) An interference unique to the technology, for example, created by a neutron fluence.
(3) An interference created by the electronic response, for example pile up.



An example: measuring lines in Nal with help from HPGe

Nal(T1) Detector Spectrum
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Enhanced Lanthanum Bromide
LaBr;(Ce+Sr)

has energy resolution:

X 10 better than Nal

X 10 worse than HPGe

HPGe will be used to
resolve interfering lines
in LaBr;
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HPGe is exposed to a neutron fluence

74Gef(n, n")
' e Neutron induced lines can be detector
B 214 .
- unique
72Ge(n,‘n’)
| — Fully Shielded * LaBr; and HPGe will have different neutron

. ) induced background
Ge(n,n') — Bulk Pb shield 8
| %*Cu(n,n") * The neutron fluence for fast neutron >~ 1
MeV and thermal neutron can be measured
and cross check between detectors

0.001
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An example: interference created by the electronic response
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Resolving interfering lines in LaBr,
N3s7 Nstopped muons €Geo EDetector Epileup [347 Simplifyas N347 $347 I'347

N1go9 Nstopped muons €Geo EDetector Epileup -+ 11809 Nigoo  $1809T'1809

| J
|
want to measure 347 1809 .
[HPGe ®upce NHPGe (1) 347 is well-known and

= I
1809 347 1809 " N347. assuming HPGe measured

Make the same measurement using LaBr, line have no interference line
to check for interfering sources 6energy

347 1809
FLaBr _ prLaBr 9LaBr NLaBr (1_ ) ) (2)
1809 — " 347 ¢i8%9 sz% 347+1809

aBr "YLaBr 1

Demanding (1) and (2) be identical l 01809 IS Not expected

FHPGe l—-LaBr

1809 __ L1809
= “Lapr (1- 034741809) (3)
347 347 \
Similarly, apply to 844 keV, Combine to Flgﬂae rLaBr
Which is measured during beam-off and check 81409 FHPGe = FLabT (1-01g09)

has low background: dg44 = 0 (expected)

FHPGe FLaBr
_844 _ _844 (1- 6 ) (4) JIJUN CHEN
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Error budgets for 1809keV from muon capture

Systematic Uncertainties

Factors Values Uncertainty (%)
Piapture 0.61 0.3
Brisgg 0.51 5

G aceep(0.5cm?) 3.34e-9 3

Target Path Atten 0.964 1
Absorber x 0.218(LaBrjy) )
Photopeak acceptance | 0.017(HPGe)

Interference lines negligible negligible
Total 6.2

Long integration time for measuring
possible interfering lines will make this
systematic error negligible

* Total error budget (statistical and system error budget ) is 10%, so 6.2% systematic error

leaves 3.8% statistical error
* Lower systematic error, allows higher statistical error, which means lower integration time
* The relationship between statistical error A§ and integration time t: t = A§?
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Time to achieve 10% stopped muon number
measu rement * 1809keV: the ‘Golden Channel’ is directly

proportional to the stopped muon number.
LaBr Detector

Line Mag No Mag e 844keV: cross-check stopped muon number;
1809 keV 3 mins | 5 mins check for interfering lines;
844 keV lash 1.“ h}':-; %Z lh_rlh * 347KeV:improve 1809 branching ratio
347 keV (Flash) 30 II]}Ilh 3 I}h cross-check cross-check stopped muon number;
347 keV (Off Flash) | 1 min 5 mins check for interfering lines;
* Using the ‘Golden Channel’, LaBr; can do 10%
stopped muon number measurement in 5
HPGe Detector mins integration.
Line ‘Matg No I\*{ag * LaBr;is 10 time faster than HPGe
1809 keV 32 mins | 54 mins
844 keV 13 hrs 40 hrs . I:fo(is ésh:zﬁitts;ped muon number;
347 keV (FlﬂSh) 30 hrs 170 hrs Hcross-check improve the branching ratio of 180’9;
347 keV (Off FL‘EIS]’I) 1.2 hrs 5 hrs check for interfering lines for LaBr; detector
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Summary

* Considered all the systematic error and statistical error, with negligible
systematic error from measuring the interfering lines using HPGe and LaBr,
together, the integration time of 5 mins can achieve 10% uncertainty
stopped muon number measurement.



Thank you & Reference

e [1] Measday et. al., Phys. Rev. C 76, 035504 (2007)
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Resolving interfering |ines in La Br3 Using HPGe measuring the fast neutron and the thermal neutron

fluence: Nrgsr=Frast 0 Nsiow=Fsiow 0, Fis the fluence, & is the
cross section that can be checked by table

Smeasured=STruet 031 solution -
Require both detectors. HPGe corrected
Where 8y represents lines from 3 distinct possible interfering sources; at high rate for pile up line
(a) An interference unique to the technology, like neutron fluence in slide 10 T solution

(b) An interference created by the electronic response of the technology: like source of pile up in slide 11

(c) A technology independent source which is also independent of the signal source: resolution issue in last slide

l solution

Require both detectors

JUUN CHEN 16



LaBr, self-background
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. T = 2p to 1s: 347keV
3 important gamma rays N

* Prompt: atomic capture, order 10ps

* Semi-prompt: nuclear capture, order 1 us

* Delayed: activated daughters resulting from nuclear capture, order 10 mins

o ﬂ_+ %gAl o ‘Ll,_+ %ZAI + ) 4
* Prompt: 2p-1s, 347 keV X-ray 79.8(8)% of u stops
o ‘u_+ %gAl — U,LL-I_ %gMg +n + ) 4

* Semi-prompt: 1.809MeV y ray 51(5)% of u captures, T = 864ns
s w+3Al > v+ SMg, 13Mg > HAL+ Ip+2gn+y
* Delayed: 844keV y ray 9.3% of u captures, T = 13 mins
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