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Energy lossof .+ and p in the C-foil of the LEM TD, Run12 (Run2001 preliminary)

In run 12 (autumn1999)a C-foil with a nominalthicknessof 2.2 ug/cn? wasusedin the trigger
detecto(TD) of theLEM apparatusTheruns2064—2095hadthe purposdo determingheenepgy

loss AE of protonsandu™ simultaneouslpy measuringhe time-of-flight (TOF) betweenTD and
the MCP2 detectorat the end of the LEM beamline. The measurementwere performedwith

differentHV settingsatthemoderatobetweer2.5kV and20kV. Theruns2064—2079usedas-N,

moderatomwhereaghe runs 2080— 2095 useds-Ar andHV’s below 7.5 kV. For the latter, severe
problemswith the DAQ systemled to severalcrashes. did not usethemfor the presentanalysis.
ThelL3 andRA weresetto 0 kV, thusallowing to use— besideghe muonium(Mu) andhydrogen
(H) TOF peak— the u* andp peak(andH~ if obsenable)aswell to determinethe enegy lossin

thefoll.

Thedrift distancedrp ;cp2 from the C-foil of thetriggerdetectoito MCP2is not exactly known.
Its nominalvalueis 1164mm. However, we canusethe TOF measurementat differentHV settings
to determinedrp_ o p2 CcONsistently The methodis thefollowing:

1. Determinethetime zerot, for the TOF measurement:
to =tpp —lre — te,

wheretpp is the positionof the prompty peak,trg is the TOF of thefoil electrongrom the
C-foil to MCP3 andcanbe determinedrom the time differenceof the two promptpeaksin
theu™ decayspectraandt, is the TOF of aparticlewith v = ¢ from TD to MCP2. For Run12
| obtain

to =316 — 13.5 — 3.9 = 298.6.

2. Determinethe peakpositionstp of the ut , Mu, p andH (H™) peaksby fitting a gaussiario
the TOF peaks.

3. Calculatethe meanTOF troF:
tror = tp — 1p.

4. Choosealengthdrp 3rcp2 andcalculatethe enegy of the neutralparticles(Mu andH). This
canbedoneusingthe PAW macrotof_td?.

LEntertof_td -h at PAW promptfor onlinehelp



5. We have now the enegy of particlesat the exit of the C-foil. Usetof_td to calculatethe TOF

for y* andp (H™).

6. Repeatd. andb. for differentd;p_cp2 (S€€Appendixfor anexample).

7. For the correctdrift drp_rcp2 the measuredor for the chaged particlesmustagreewith
thecalculated;or from steps4. and>5.

8. Repeatheprocedurdor thedifferentHV settings.

Thisanalysisyieldsdrp_rcpe = 1157mminsteadof 1164mm. Theenegy lossedor drp_yrepe =
1157mmaresummarizedn Fig. 1 andin Tah 1. This methodshouldwork aswell to determinghe
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Figure 1: Top: enegy lossof x+ andp in a2.2 ug/cn? C-foil, Runl2data,d;p_yrcpe =1157mm.
Thesolid line areguidesto theeye. Bottom: u ™ implantationenegiesat sample(V=0 kV).

enepy lossesor Run2001 wherewe hada C-foil with a nominalthicknessof 2.2 ug/cn?, but the
enegy lossis aboutl keV lessthanfor Run12.We canstartdo this offline with protonsgenerated
by the QMS, andmeasurdor completenesg* andp simultaneouslyn April, whenRun2002will

have beenstarted.
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VModerator [kV] ECffoz'l [keV] ESample [keV] AE(/['— ) [keV] AE(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. Enegy loss AE for x* andp in the 2.2 ug/ecn? C-foil, Runl2data. Shavn are also
the u* enegiesEc_ oy and Eggmpe Whenimpinging on the foil andthe sample(V ggmpe = 0),
respectrely.

Appendix A: Analysis of TOF spectra

The TOF spectrafor 12.5kV settingsof ™ andp areshavn in Fig. 2. The muonspectrawere
generatedby cuttingonthedecaypositronsandtheM3S1TOFto getrid of alargebackgroungeak
in the TOF distribution. Theenegy of the neutralparticleswascalculatedor variousdrift distances
drp_umcpo - Takingtheseenegiesthe TOF for the chagedparticleswascalculatedusingthe PAW
macrotof_td thattakesinto accountthe acceleration/deceleratian the trigger detector The front
plateof the MCP2detectorwasat zeropotential(for Run2001,itwassetto negative potential)thus
introducingno additionalacceleratiorior thechagedparticles.Table2 summarizeshe analysisfor
the 12.5kV settingswith differentdrp_arcps -

particle| tror [nS] 1164mm | 1159mm | 1157mm | 1154mm | 1149mm
Mu 233.1 = E,; = | 14.74keV | 14.62keV | 14.56keV | 14.48keV | 14.36keV
Y Y Y U U
wut 266.1 265.6ns | 265.9ns | 266.1ns | 266.4ns | 266.7ns
H 683.6 = E,; = | 15.14keV | 15.01keV | 14.96keV | 14.88keV | 14.76keV
Y Y Y U 4
p 779.1 777.8ns | 778.7ns | 779.1ns | 779.7ns | 780.7ns

Table 2: Enegy E,,; attheexit of the C-foil of neutralparticlesfor variousdrp yrcp2 , 12.5KV set-
tings. The TOF for the chagedparticlesis calculatedaccordingto E,;. For drp arcp2 =1157mm
the calculatedror of u™ andp agreeswith themeasured OF

Assumingthatthe distancebetween’D andMCP2did notchangan Run2001the enegy lossesas
shown in Tah 3 areobtainedrom the measuredRun2001IMu peakpositions.
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VModemtor [kV] EC—foil [keV] ESample [kev] AE(,U+ ) [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: Enegy lossAE for p* for thefirst 2.2 ug/c? C-foil in Run2001 assumingd;p_arcpe =
1157mm. Shown arealsothe ;™ enegiesSEq_ .4 andEgampe Whenimpingingon thefoil andthe
sample(V sampie = 0), respectrely.
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Figure 2: The TOF spectraof u* , Mu, p andH for 12.5kV settings. The solid lines represent
gaussiariits to the TOF peaks.Thetime zerot, is atchannel98.6,1 ns/ch.
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Appendix B: Calculation of the TOF through TD up to MCP2

The PAW macrotof_td calculateghe time-of-flight (TOF) for the drift drp_ycp2 from the C-foil
to MCP2for a particlewith enegy E,.; attheexit of the C-foil. Particletype,drp_rrcp2 andE,.;
areinput parameter®f the macro. The electricpotentialsV, V» andVy (at C-foil, front andrear
"triangles”) aresetto -3.73,-3.54and-3.95kV, respectiely. Thedrift lengthsd; — ds (seeFig. 3)
on the beamaxis aretaken from the technicaldravings. For the chagedparticlesthe acceleration
in the TD is calculatedaccordingto particlemassthe potentialsV¢, Vi, Vx andthedrift distances
d, — ds. Thenon-relatvistic equation®f motionarefor the separatarift lenghts:

1
dl = Ealtf + Ultl

dg = ’Ugtg

1
d3 = §a3t§ + vsts

d4 = U4t4

1
d5 = 5@575% + U5t5

[2F,

V1 = —cC
m
2F,

Vg = {\/ —¢C

N

V3 = U2
2E,
Vg =4/ —¢C
m
Us = U4

AV,

AV, = — = 1
Vi= (Vo —Vr) m=_ (1)
Ey=FE; + SIgf‘(e)AVl a, =0 (2)

AV, = (Vi — Vi) =00 (g

m d3
Ei= FEy + Slgr'(e)AV}, as =0 (4)
AVs = (Vg —0) as = E%CQ- (5)
m d5

Here,themassm is givenin eV. Thea;, v; andt; denotethe accelerationinitial velocity and TOF
in the5 sectionof the TD, E; is theenegy attheexit of the C-foil. Thet; canbewritten as

d;
t, = —
(%

fora; =0 (6)
2d;

o= == signa)y /(=) + =, ™)

a; a;

andthetotal TOF trp throughthetriggerdetectotis finally givenby thesum

=5
tTD = th (8)
=1
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Figure 3: TriggerDetector
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