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Energy loss of �! and p in the C-foil of the LEM TD, Run12 (Run2001 preliminary)

LEM group

In run 12 (autumn1999)a C-foil with a nominal thicknessof 2.2 � g/cm" wasusedin the trigger
detector(TD) of theLEM apparatus.Theruns2064– 2095hadthepurposeto determinetheenergy
loss # E of protonsand �  simultaneouslyby measuringthetime-of-flight (TOF) betweenTD and
the MCP2 detectorat the end of the LEM beamline. The measurementswere performedwith
differentHV settingsat themoderatorbetween2.5kV and20kV. Theruns2064– 2079usedas-N"
moderatorwhereasthe runs2080– 2095useds-Ar andHV’s below 7.5 kV. For the latter, severe
problemswith theDAQ systemled to severalcrashes.I did not usethemfor thepresentanalysis.
TheL3 andRA weresetto 0 kV, thusallowing to use— besidesthemuonium(Mu) andhydrogen
(H) TOF peak— the �  andp peak(andH $ if observable)aswell to determinetheenergy lossin
thefoil.

Thedrift distanced%'& $�(*)'+," from theC-foil of thetriggerdetectorto MCP2is not exactly known.
Its nominalvalueis 1164mm. However, wecanusetheTOFmeasurementsatdifferentHV settings
to determined%-& $�(*)'+," consistently. Themethodis thefollowing:

1. Determinethetimezero .0/ for theTOFmeasurement:

.0/213. +,+54 .06,7 4 .08 ,
where . +,+ is thepositionof theprompt 9 peak,.06,7 is theTOF of thefoil electronsfrom the
C-foil to MCP3 andcanbedeterminedfrom the time differenceof the two promptpeaksin
the �  decayspectra,and .08 is theTOFof aparticlewith :�1<; from TD to MCP2.For Run12
I obtain

.0/21>=-?�@ 4 ?�=�ACB 4 =-A�DE1GF�DIH�AJ@ .
2. Determinethepeakpositions. + of the �  , Mu, p andH (H $ ) peaksby fitting a gaussianto

theTOFpeaks.

3. CalculatethemeanTOF .K%-L,6 :

.K%-L,6M1N. +O4 .0/ .
4. Choosea lengthd%-& $�(*)'+," andcalculatetheenergy of theneutralparticles(Mu andH). This

canbedoneusingthePAW macrotof td1.
1Entertof td -h atPAW promptfor onlinehelp



5. We have now theenergy of particlesat theexit of theC-foil. Usetof td to calculatetheTOF
for �! andp (H $ ).

6. Repeat4. and5. for differentd%'& $�(*)'+," (seeAppendixfor anexample).

7. For thecorrectdrift d%-& $�(*)'+," themeasured.K%-L,6 for thechargedparticlesmustagreewith
thecalculated.K%-L,6 from steps4. and5.

8. Repeattheprocedurefor thedifferentHV settings.

Thisanalysisyieldsd%-& $�(*)'+," = 1157mminsteadof 1164mm. Theenergy lossesfor d%-& $�(*)'+," =
1157mmaresummarizedin Fig. 1 andin Tab. 1. Thismethodshouldwork aswell to determinethe

Figure 1: Top: energy lossof �  andp in a2.2 � g/cm" C-foil, Run12data,d%-& $�(*)'+," =1157mm.
Thesolid line areguidesto theeye. Bottom: �  implantationenergiesat sample(V=0 kV).

energy lossesfor Run2001,wherewe hada C-foil with a nominalthicknessof 2.2 � g/cm" , but the
energy lossis about1 keV lessthanfor Run12.We canstartdo this offline with protonsgenerated
by theQMS,andmeasurefor completeness�! andp simultaneouslyin April, whenRun2002will
havebeenstarted.
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V (QPKR0SUTKVXWYPZT [kV] E)[$�\]PZ^`_ [keV] Ea V0bdce_fS [keV] # E(�  ) [keV] # E(p) [keV]
2.5 6.23 0.73 1.77 0.86
3.5 7.23 1.65 1.85 0.92
5.0 8.73 3.15 1.85 0.99
7.5 11.23 5.60 1.90 1.08
10.0 13.73 8.18 1.82 1.19
12.5 16.23 10.83 1.67 1.27
15.0 18.73 13.42 1.58 1.35
17.5 21.23 16.12 1.38 1.42
20.0 23.73 18.62 1.38 1.50

Table 1: Energy loss # E for �  and p in the 2.2 � g/cm" C-foil, Run12data. Shown are also
the �  energies E)[$�\]PZ^C_ andEa VXb[ce_�S when impinging on the foil and the sample(V a VXb[ce_�S 1hg ),
respectively.

Appendix A: Analysis of TOF spectra
The TOF spectrafor 12.5 kV settingsof �! andp areshown in Fig. 2. The muonspectrawere
generatedby cuttingonthedecaypositronsandtheM3S1TOFto getrid of a largebackgroundpeak
in theTOFdistribution. Theenergy of theneutralparticleswascalculatedfor variousdrift distances
d%-& $�(*)'+," . TakingtheseenergiestheTOF for thechargedparticleswascalculatedusingthePAW
macrotof td that takesinto accounttheacceleration/decelerationin the triggerdetector. The front
plateof theMCP2detectorwasat zeropotential(for Run2001,itwassetto negativepotential)thus
introducingnoadditionalaccelerationfor thechargedparticles.Table2 summarizestheanalysisfor
the12.5kV settingswith differentd%-& $�(*)'+," .

particle .K%-L,6 [ns] 1164mm 1159mm 1157mm 1154mm 1149mm
Mu 233.1 1di j PZkeW 1 14.74keV 14.62keV 14.56keV 14.48keV 14.36keVl l l l l
�  266.1 265.6ns 265.9ns 266.1ns 266.4ns 266.7ns

H 683.6 1di j PZkeW 1 15.14keV 15.01keV 14.96keV 14.88keV 14.76keVl l l l l
p 779.1 777.8ns 778.7ns 779.1ns 779.7ns 780.7ns

Table 2: Energy EPZkeW at theexit of theC-foil of neutralparticlesfor variousd%-& $�(*)'+," , 12.5kV set-
tings. TheTOF for thechargedparticlesis calculatedaccordingto EPZkeW . For d%'& $�(*)'+," =1157mm
thecalculated.K%-Lm6 of �  andp agreeswith themeasuredTOF.

AssumingthatthedistancebetweenTD andMCP2did notchangein Run2001theenergy lossesas
shown in Tab. 3 areobtainedfrom themeasuredRun2001Mu peakpositions.
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V (QPKR0SUTnV0WYPZT [kV] E)[$�\]PZ^C_ [keV] Ea VXb[ce_�S [keV] # E(�  ) [keV]
10.0 13.73 9.21 0.79
12.0 15.73 11.30 0.70
15.0 18.73 14.43 0.57
18.0 21.73 17.48 0.52
20.0 23.73 19.58 0.42

Table 3: Energy loss # E for �  for thefirst 2.2 � g/cm" C-foil in Run2001,assumingd%'& $�(*)'+," =
1157mm. Shown arealsothe �  energiesE)[$�\]PZ^C_ andEa V0bdce_fS whenimpingingon thefoil andthe
sample(V a V0bdce_fS 1<g ), respectively.

Figure 2: The TOF spectraof �  , Mu, p andH for 12.5 kV settings. The solid lines represent
gaussianfits to theTOFpeaks.Thetimezero .0/ is atchannel298.6,1 ns/ch.
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Appendix B: Calculation of the TOF through TD up to MCP2
The PAW macrotof td calculatesthe time-of-flight (TOF) for thedrift d%-& $�(*)'+," from the C-foil
to MCP2for a particlewith energy EPZkeW at theexit of theC-foil. Particletype,d%-& $�(*)'+," andEPZkeW
areinput parametersof themacro.Theelectricpotentialso ) , o,6 and o�p (at C-foil, front andrear
”triangles”) aresetto -3.73,-3.54and-3.95kV, respectively. Thedrift lengthsq-r – qts (seeFig. 3)
on thebeamaxisaretakenfrom the technicaldrawings. For thechargedparticlestheacceleration
in theTD is calculatedaccordingto particlemass,thepotentialso ) , o,6 , omp andthedrift distancesq-r – q�s . Thenon-relativistic equationsof motionarefor theseparatedrift lenghts:

q-ru1 ?F v r0. " rxw :trn.yr :trz1
{ F�jQr| ; #}o~rz1��Zo )�4 om6~� v ru1 �| #}odrq'r ; " (1)

q " 1N: " . " : " 1
{ F�j "| ; j " 1GjQr w sign� � ��#}odr v " 1Gg (2)

q���1 ?F v �y. "� w :���.0� :���1<: " #}om��1��Zo,6 4 omp~� v ��1 �| #}o,�qt� ; " (3)

qI�21N:��].n� :���1
{ F�j2�| ; j���1Gj " w sign� � ��#}o,� v �21Gg (4)

q�s�1 ?F v sy. "s w :�s�.0s :�s�1<:�� #}oms�1��Zomp 4 g�� v s�1 �| #}o,sqts ; " . (5)

Here,themass| is givenin eV. The v ^ , : ^ and . ^ denotetheacceleration,initial velocity andTOF
in the5 sectionsof theTD, j*r is theenergy at theexit of theC-foil. The . ^ canbewrittenas

. ^ 1 q ^: ^ for â = 0 (6)

. ^ 1 4 : ^v ^ w sign� v ^ �
{
� : ^v ^ � " w

F�q ^v ^ , (7)

andthetotalTOF .K%-& throughthetriggerdetectoris finally givenby thesum

.K%-&�1 ^Y� s�
^Y� r

. ^ . (8)
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Figure 3: TriggerDetector.
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