inf1:= Needs["H stograms "]
in[z:= tocke =1 nport [" ~/Deskt op/EdEPoI nt s. dat " ];
n@:= data = I nmport ["~/Deskt op/PLossDat a. dat " ];
n4:= EnergyLossData = Map[{#[[1]], #[[2]]1} & data];
in[s:= Li st LogLi near Pl ot [Ener gyLossDat a]
.’A.
800 | SN
600 |- N
Out[5]= L o °,
40t .° Y
2001
L 0\\
I 1 9% aoecsumn b o 000 00000
01 10 1000
Calculation
in26):= K = 0. 307075;
z = 1;
Zover A = 0. 54141;
p = 1.032;
Il = 64.7%1075;
Sqrt [En® - M|
Inse;= beta[En_, M]:=z — 0 M ———
En
T[En_, M]1:=En - M
FullE[Tn_, M]:=Tn+M
ganma[En_, M]:= —
En
2%0.511 «beta[En, M2 ganma[En, M2
Tmax[En_, M ] := -
0.511 0.511
1+2ganma[En, M —/— + ( = )
inj48:= Tmax [1000, 938. 27]
outag)= 0. 107541
inj49:= beta[1000, 938. 27]
outj49)= 0. 345904
in[s0]:= ganma[1000, 938. 27]

Out[50]=

0. 93827
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1
1= dEAX[EN_, M1 := - Kxz2 % Zover Ax

bet a[En, NI]2

1 . [2*0. 511 beta[En, M2 ganma[En, M2 Tmax [En, M]
og

- ]—beta[En, M 2
|1

52 Pl ot [-dEdx [Ful | E[Tn, 938.27], 938.27], {Tn, 0, 300}]
.l
15;

10F
out[52]=

L P S SO Y S Nt IR oo b
50 100 150 200 250 300

injs3)= dEdXx [Ful | E[150, 938.27], 938. 27]

out53]= -5. 0224

injss:= Show [Li st LogLogPI ot [Ener gyLossDat a, Pl ot Range » {{0. 01, 1000}, {O, 300}}1,
LogLogPI ot [-dEdx [Ful | E[Tn, 938.27], 938.27], {Tn, 0.1, 1000}, PlotRange-» Al ]]

20 (-<18> + <<1>>)2
LogLogPlot::exclul : {1.93377><10 Im -0

(7> + <<1>>)8 (19> + <1>)

must be a list of equalities or real-valued functions. >

500 S

50

out[55]=

—

1 |
0.01 0.1 1 10 100 1000

-dEdx [En, M]
1 +kBirks = (-dEdX[En, M])

ine3:= dLdX[En_, M_, LO_, kBirks_]:=L0 =

e dLdx [Ful | E[280, 938.27], 938.27, 1, 1]

oute4]= 0. 762085

Light Output
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ine3s]:= Si mul at eEdEPI ot [p_, M, th_] :=Mdul e[{},
TnO = T[Sgrt [p"2 + M'2], M];
(*Print [TnO]*);
O fset X = 220;
O fsetY = 250;
kB = 0.01;
LO1 = 180;
L02 = 39;
dx = 0. 005;
X01 = 0.3/Cos[th];
X02 = 3.0/ Cos[th];
X =0;
n TnO;
L1 = O;
Wil e[x < X01&& Tn > 0.1,
X = X +dX;
L1 L1 + dLdx[Ful | E[Tn, M], M LO1, kB] %dx;
Tn = Tn + dEdx[Ful | E[Tn, M], M] %dx;
1
(xPrint [{x,Tn, TnO - Tn, L1}]; %)
X =0;
L2 =0;
Wil e[x < X02&& Tn > 0.1,
X = X +dX;
L2 L2 + dLdx[Ful | E[Tn, M], M LO2, kB] %dx;
Tn = Tn + dEdX[Ful | E[Tn, M], M] *xdXx;
1
(xPrint [{x,Tn, TnO - Tn, L2}]; %)
(xPrint [{L1,L2}]; %)
{L2+ O fsetX L1+ OfsetVY}]

inz93= Si mul at eEAEPI ot [300, 938. 27, 0]
out393)= {1643.71, 914. 441}
(#resul t s=Tabl e[Si nul at eEdEPI ot [p], {p, 100, 600, 25}1]; *)
in[e36):= results = Map[Si nul at eEdEPI ot [#, 938.27, 0] & {20, 40, 60, 80, 100, 130, 150, 160, 165, 170,

172, 174, 190, 195, 200, 210, 220, 230, 240, 250, 270, 280, 290, 300, 310, 320, 330,
344, 350, 360, 370, 380, 400, 440, 480, 500, 600, 650, 700, 800, 900, 1000, 1500}7];

in372:= Si mul at eEdEPI ot [280, 938. 27, 0]

outz72)= {1370. 65, 869. 463}

in[637]:= Show[Li st Pl ot [Take [t ocke, 30000], Pl ot Styl e - {PointSize[0.001]}], ListPlot [Take[tocke2
, 30000], PlotStyle- {PointSize[0.0002]}1,
Li st Pl ot [Take[t ocke4, 30000], PlotStyle - {PointSize[0.0002]}],
Li stPlot [results, PlotStyle- {PointSize[0.01], Hue[0]}],
Li stPl ot [results, PlotJoined- True, PlotStyle-Hue[0]],
Pl ot Range » {{0, 3000}, {0, 2200}}]

out[637]=  1000]-

P L L P T S S S
0 500 1000 1500 2000 2500 3000

3
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Results

ingo:= PPP = {Si nul at eEdEPI ot [344, 938. 27, 0],
Si nul at eEdEPI ot [500, 938. 27, 0], Si nul at eEdEPI ot [200, 938. 27, 01}

outso= {{2082.35, 760. 77}, {939.359, 546.5}, {488.396, 1497.15}}

ne1= ddd = {Si mul at eEEPI ot [300, 1876.12, 0], Si nul at eEdEPI ot [500, 1876.12, 0],
Si mul at eEJEPI ot [200, 1876.12, 0], Si mul at eEdEPI ot [400, 1876.12, 0]}

ouysl)= {{308.529, 2184.01}, {1935.5, 1061.7}, {220, 1024. 85}, {1065.63, 1390.06}}

ine4s):= Ref erencePoi nt sProt on = Tabl e[{p, Si nul at eEdEPI ot [p, 938.27, 01}, {p, 50, 1000, 1}1;
in673]:= Ref erencePoi nt sDeut eron = Tabl e[{p, Si nul at eEJEPI ot [p, 1876.12, 01}, {p, 50, 1000, 1}1;
in[183:= Export TockeProton = Map[{#[[1]1], #[[2, 111, #[[2, 2]]1} & ReferencePoi ntsProton];
iniss]:= Export TockeDeuteron = Map[{#[[1]], ®#[[2, 111, #[[2, 2]]1} & ReferencePoi nt sDeut eron];
in[e72]:= Export [ " ~/Deskt op/Si nEdEPoi nt sProt on2. dat", Export TockePr ot on];

in[e74]:= Export [ " ~/Deskt op/Si nEdEPoi nt sDeut er on2. dat ", Export TockeDeut eron];

in242]:= Ref er encePoi nt sPr ot onExcl uded =
Map[l f [#[[1]1] <344 || #[[1]] > 360, #, {#[[1]], {-1, -1}}] & ReferencePoi ntsProton];

in[e46]:= Maxi mum = Max [Map[First [Last [#]] & ReferencePoi ntsProton]]

oute46]= 2004. 16

ine47):= pl ott ockeProton = Map[#[[2]] & ReferencePoi ntsProton];
in222]:= pl ott ockeDeut eron = Map[#[[2]] & ReferencePoi nt sDeut eron];
in[243]:= pl ot t ockePr ot onExcl uded = Map[#[[2]] & ReferencePoi nt sProt onExcl uded];

in[236]:= Last [pl ott ockePr ot onExcl uded ]

out236]= {512.519, 377. 717}
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in[244]:= Show[Li st Pl ot [Take [t ocke, 30000], Pl otStyle - {PointSize[0.001]}],
Li st Pl ot [pl ott ockeProton, PlotStyle- {Hue[0]}, Pl otJoi ned - True],
Li st Pl ot [pl ott ockeProton, PlotStyle- Hue[0]],
Li st Pl ot [pl ott ockeDeut eron, Pl ot Styl e » Hue[0. 317,
Li st Pl ot [pl ott ockeDeut eron, Pl ot Styl e » Hue[0. 3], Pl otJoi ned -» True],
Li st Pl ot [ddd, Pl ot Styl e » {Hue[0. 8], Poi ntSi ze[0.02]}1,
Li st Pl ot [pl ott ockePr ot onExcl uded, Pl ot Styl e - Hue[0. 211,
Pl ot Range -» {{0, 3000}, {0, 2300}}]

Out[244]= 100 7

07“"\‘“‘\““\““\““\““\
0 500 1000 1500 2000 2500 3000

inpoz)= Cal cDistance[{x1_, y1_}, {x2_, y2_}]:=Sart[(x1-x2)? + (y1 - y2)?]

injes4]:= Sel ect Poi nt [{XT_, yT_}1:= Mdul e[{},
M nDi st ance = 10 000;
Fi nal Monentum = -1;
For [i =1, i < Length[ReferencePointsProton], i ++,
Current Di stance = Cal cDi st ance[Last [Ref erencePoi ntsProton[[i 1], {XT, yT}1;
I f [CurrentDi stance < M nDi stance && xT <1900 && yT < 2100 && yT > 450,
M nDi stance = CurrentDi stance;
Fi nal Monent um = Fi rst [Ref erencePoi ntsProton[[i]] ];
1
1;
{M nDi st ance, Fi nal Monment umj
1

iness:= Sel ect Moment unPoi nt [{XT_, yT_, q_}]:=Mdul e[{},
M nDi st ance = 10 000;
Fi nal Momentum = -1;
For[i =1, i < Length[ReferencePoi ntsProton], i ++,
Current Di stance = Cal cDi st ance[Last [Ref erencePoi ntsProton[[i 111, {XT, yT}I;
I f [CurrentDi stance < M nDi stance && xT <1900 && yT < 2100 && yT > 450,
M nDi stance = Current Di stance;
Fi nal Monentum = First [Ref erencePoi ntsProton[[i]1]];
]
N
{M nDi st ance, Fi nal Monentum q}
1

in[537]:= Sel ect Poi nt [ {1000, 600}]

out537]= {36. 3206, 465}

in[149;:= moment unRes1 = Map[Last [Sel ect Poi nt [#]] & Take[tocke, 10000]1];

5
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in[150;:= Hi st ogram[nonent unRes1, Hi st ograntCat egori es -» 200]

400
out[150]= 300[

200

100

200 400 600

Elastic

injo1:= tocke2a = nport [" ~/Deskt op/EdEPoi nt sHydr ogenEl asticl. dat"];

nfo3):= tocke2 = Map[{#[[1]1], #[[2]1]} & tocke2a];

in[o1:= Fi rst [t ocke2]

oufi01]= {983.5, 258.5}

in[ee6]:= Moment unRes2 = Map [Last [Sel ect Poi nt [#]] & Take[tocke2, 30000]7];
in[e67):= Show[Li st Pl ot [Take [t ocke2, 30000], Pl ot Styl e -» {PointSi ze[0.0002]}],

Li st Pl ot [ppp, Pl otStyl e - {Hue[0. 3], PointSize[0.02]}],
Li st Pl ot [pl ott ockeProton, PlotStyle- Hue[0]], Pl ot Range -» {{0, 3000}, {300, 2200}}]

20000 %
1500
out[667]=
1000|-
I 1500 2000° 3000

R LSRR
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in[ees):= Hi st ogram[nonment unRes2, Hi st ograntCat egori es -» 300, Hi st ogranRange -» {100, 650}]

400
300
out[668]= 200

100

in[e69]:= Moment umRes2Mom= Map [Sel ect Morment unPoi nt [#] & Take[t ocke2a, 10000]];

in[136]:= Fi r st [moment unRes2Mom]

out136)= {10000, -1, 0.497778}

in670= S1 = Li stPl ot [Map[{#[[2]1], #[[3]1]1} & nonent unRes2Mon,
Pl ot Styl e » {Poi nt Si ze[0. 005]}, Pl ot Range » Al | ]

0.60¢+

0.55}1
out[670]=

800

Elastic proton #2
n[118]:= tockeda =1 nport [" ~/Deskt op/EdEPoi nt sHydr ogenEl astic2 dat"];
npio)= tocked = Map[{#[[1]], #[[2]]1} & tockeda];

in[e64]:= Moment unRes4 = Map [Last [Sel ect Poi nt [#]] & Take[tocke4, 30000]7];
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in[e49]:= Show[Li st Pl ot [Take [t ocke4, 30000], Pl ot Styl e -» {PointSi ze[0.0002]}],
Li st Pl ot [ppp, Pl ot Styl e - {Hue[0. 3], PointSize[0.02]}],
Li st Pl ot [pl ott ockeProton, PlotStyle- Hue[0]], Pl ot Range -» {{0, 2700}, {0, 2100}}]

2000 %

h

1500

out[649]= 1000 -

07\\\\\\\\\\\\\\\\\\\\\\\\\\
0 500 1000 1500 2000 2500

in[e6s):= Hi st ogr am[nmoment unRes4, Hi st ogr antat egori es » 200, Hi st ogranRange » {50, 650}]

500
400
300|-
out[665]= [
200[
100[
11| P ! dl -
100 200 500 600

in[e59]:= NMoment umRes4Mom= Map [Sel ect Moment unPoi nt [#] & Take[t ocked4a, 10000]1];

in439):= Fi rst [moment unRes4Mom

out439]= {10000, -1, 0.364359}

infe60]:= S2 = Li stPl ot [Map[{#[[2]], #[[3]1]1} & nonment unRes4Mom, Pl ot Styl e » {Poi nt Si ze[0. 005]}]

0.40}

0.38}

out[660]=

0.36}
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in671):= Show[s1, s2, Pl ot [x /1000
+0.035, {x, 0, 650}, PlotStyl e Hue[0]], Pl ot Range » {{0, 650}, {0, 0.650}}]

Out[671]=

ool v v v e e e e e e
0 100 200 300 400 500 600

Elastic Deuteron

ino1:= Sel ect Poi nt Deuteron[{XT_, yT_}1: = Mdul e[{},
M nDi st ance = 10 000;
Fi nal Momentum = -1;
For[i =1, i < Length[Ref erencePoi ntsDeuteron], i ++,
Current Di stance = Cal cDi st ance[Last [Ref erencePoi ntsDeuteron[[i]]1]1, {XT, yT}1;
I f [CurrentDi stance < M nDi stance && xT <2700 && yT < 2700 && yT > 450,
M nDi stance = Current Di stance;
Fi nal Monment um = First [Ref erencePoi nt sDeuteron[[i]] 1;
]
1
{M nDi st ance, Fi nal Monent um}
1

in213]= Sel ect Moment unPoi nt Deut eron[{xT_, yT_, g_}1:=Mdul e[{},
M nDi st ance = 10 000;
Fi nal Monentum = -1;
For [i =1, i = Length[ReferencePoi ntsDeuteron], i ++,
Current Di stance = Cal cDi st ance[Last [Ref erencePoi ntsDeuteron[[i]]1], {xT, yT}1;
| f [CurrentDi stance < M nDi stance && xT <2700 & & yT <2700 && yT > 450,
M nDi stance = Current Di stance;
Fi nal Monent um = Fi rst [Ref erencePoi nt sDeuteron[[i ]]11;
1
1
{M nDi st ance, Fi nal Monentum q}
1

in208:= Sel ect Poi nt Deut er on[ {2000, 1000}]

out208]= {44.4818, 508}

in202]:= tocke3a = | mport [" ~/Deskt op/EdEPoi nt sDeut er onEl asticl dat"1];
ino3= tocke3 = Map[{#[[1]1], #[[2]]} & tocke3a];

in[206]:= Monment unRes3 = Map [Last [Sel ect Poi nt Deut eron[#]] & Take[tocke3]];
in[2071:= Last [moment unRes3]

out207]= 508
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in[210]:= Showf[Li st Pl ot [Take [t ocke3], Pl ot Styl e » {Poi nt Si ze[0. 0002]}1],
Li st Pl ot [pl ott ockeProton, PlotStyle- Hue[0]],
Li st Pl ot [pl ott ockeDeut eron, Pl ot Styl e » Hue[O. 311,
Li st Pl ot [pl ott ockeDeut eron, Pl ot Styl e - Hue[0. 3], Pl otJoi ned -» True],
Pl ot Range -» {{0, 3000}, {0, 2500}}]

2500 -
2000

1500]-

out[210]=

07“"\‘“‘\““\““\““\““\
0 500 1000 1500 2000 2500 3000

in[211]:= Hi st ogram[nonent unRes3, Hi st ograntCat egori es » 200]
300;
250;
200;
out[211]= 150;

100

100 200 300

in[215]:= nmoment unRes3Mom= Map [Sel ect Monment unPoi nt Deut eron[#] & Take[tocke3a]];

in216]:= Fi rst [moment unRes3Mom]

out216]= {15. 2843, 545, 0.594198}

in217= 3 = Li st Pl ot [Map[{#[[2]1], #[[31]1} & nonent unmRes3Mony, Pl ot Styl e » {Poi nt Si ze[0. 005]}]
068
o.eef

U osdr

out217= | " L ko
0601

PR ERRLLT
“._'_6:587._ :

" ose




EnergyLoss_EdE4.nb 11

in[275):= Show[sl, s2, s3, Pl ot [x /1000
+0.0267, {x, 0, 650}, PlotStyle-Hue[0]], Pl ot [x /1000
+0.0563, {x, 0, 650}, PlotStyle-Hue[0.3]], Plot[x/1000
+0.0427, {x, 0, 650}, PlotStyle-Hue[0.1]], Pl ot Range » {{200, 650}, {0.3, 0.70}}]

070,
0.65;
060F
055):
outz7s= 050t
0450

040

035/ [

0_30:‘“‘\““\““\““\‘
200 300 400 500 600

in273)= T[Sqrt [360"2 + 938.2772], 938. 27]

out273)= 66. 693

Corrected for AE

In[282]:= Show[
Li st Pl ot [Map[{#[[2]] +42.7, &#[[3]]} & nonentunRes4Mom], Pl ot Styl e - {Poi nt Si ze[0. 005]}1,
Li st Pl ot [Map[{#[[2]] +26.7, #[[3]]} & nonentunRes2Mm], Pl ot Styl e - {Poi nt Si ze[0. 005]}1,
Pl ot [x /1000, {x, 0, 650}, PlotStyle - Hue[0.5]]]

06f
05F

04

N

out282= g3t
02f

01f

L L L L L L 1 L L L 1 L
200 400 600 800



