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3 u—PIC DOiEEER
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3.4 Gain Map
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5 2-D imaging
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Hyzhro/ars L PCROHBICY Y- RLTEETESY
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X 25: TARF ¥ —hA A=Y (A

iz, F26 D& > RlUffoF AN F ¥ —h2EWTHELZ, i
X, PATRARR OB, FEOICMZELE L /=380 03% 5, HIERR]
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6 3-D Tracking

R ClE u—PIC ZHWT 2 ICOWEREIND e 2 = & 2RI D72,
ZOfiITTIE. ST SICERS FHOEREZ MA T, FEHRAS package N
TEIWIIRIZ W S 7=zl 5 2 e 2ilB b,

6.1 RER[RIE

KENPRL . RiEOFAYEN 21 & [EfkCH S, HL. S lE S Encoder
Board D707 I L, 2R0TERE & I, E5 ML R ERE
[6)IKF1C Memory Board 12719 % & 0% v 7z, FFE#H 1. Encoder
Board 28NEBICHF - T4 clock 259, Encoder Board & 20MHz T,
F 0 50ns T EICASD S D AT HMET 2L T 505 2 J0Tii#z
W95 & X, RS ZN 2 L 7284, clock /195, (Fm
75 BIFR A IR

JRHHRAS package IC A D & 2 REF %2 R4 LEREL T LA, 2KET
PRI E CRY 7ML, 252 LTSNS T TICET HRHIE. &
BEL 72 fUEIC &L > TE(ET 5, Z DEFIZEAS. Encoder Board T clock
DEIE NS, —F., RV MREIIERET LME. NV 7 M 510
TIHE-ELEAOLNDLDT, ZORMETZOE FEREL /- EDZE
SIHRCESMRZ 5NS, 2Tk Y. Encoder Board 26 DF —# %
SO DT —Z L LTI T Z M TELDTH S,

6.2 FUZDMEEDRFELY

PRI 2 OB E RS BHRICE SRR 51CiE, RU 7 MNEEEZRSL 2 &
WPETHL, ZZ T, Gaffield 2W)H ¥ Iab—aryarssnazi
Wiz, Zo7ary o LE. H AT ZE ORISR 5 EE, F
AT HADFR R E 2 BLEE T, ZTORTOWENTDORY 7 hR
REFICBE T2 EBEIND T ODOTH S,

L TROERFEHERO D b —KIcH B EOELE. b O KU oV 3Hh
Mo TWBEMEL., EHICHARL L TEBRICHIEICHWS Kr:C0,=9:1
D, HHT1AJEOREN A2 ZEZ, TORTOEBTFOREEZ Y I —
T ayTCRDE, FhETay NL=b 0NN 28 TH D,
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ARHETIEZ @ package IZ. Kr & COy % 9:1 DEIEGTREL A%
Wl7z. RUZ NHICEHIL 728EE —4kV TH L. NV 7 Mo G
bOIZEhE ZoEYToORY 7 MEEIZB L% 3.2cm/psec TH 5,
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KU 7 NoORFBEMEC L WS 22 THY., DF Y Encoder Board »*
5DHRTIE, V& D DI DIRA] & T, 1K 50clock DAL
HENnHZEThb,

—77. KRHZETOD count rate lTB L Z 10Hz FERETH Y, IR T & @
IRFRIRRR T clock 12 L CTHARY, 2k V. 50clock DRI HERAY clock
DT BT — 2B NIE, ZIE0 & D D REHRAN ERE L CEREE
FLZL72bDIc kb e A URITHMBEN RN E SR 5,

ST, FEMIM 30, 31 D& D 7% setup LA TITS 72,

X 30: 3-D IREFHIE D728 D setup
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4 —PIC

b4y ]

pal:g:f::ge 10cm

Bcm

31: 3-D IRMFHED 72 ® D setup (i & OHEZR])

package DFICH 5 ABRICHRIEZ BT, BUHRRZ I L Tns, v
7oA BARIRD 08y /Y TH Y. T 2D Qi 546keV. 2.28MeV
Thb, pRBTIHERICIN=a— ) ) BERESNDLDT, =a—F
U BB R TNV F =L T ARED S S D BHRD Energy
W$ZELT 5., ZD Energy MiDRKEN QIETH S, #MibiHid HV IZIE
620V EfIL 7z,

6.4 FFR

Lot DF Y 50clock DR THERN clock DififEL 727 — Z ] &>
< DMpickup L7z, 72720, ZoTF—2MoBEBTIHL FTCEIEZ D
A TH Y, IEHEICEFRE ORI TCERL 22025 2 LT TER
v, £ZT, &Y T MEICIWLE TS - 2EHHE R Y 7 MNET
IS bD e NEL T, ZI6MEOHEREFESIHRICEL T
Ty NL7ZL DN 32 TH 5,
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7 AKER

AEBOHMNIE, AL 2RO =2V F—HEkonM iz KD 5 =
T, AT AU OEZIT) 2 ThHoTe, SETORMED.
p—PIC Z VT, AW L =R T AT e o2 ¥ —2 . A4
L 72 YD < IREF 2 IR 35 2 L Su[RECH B Z e 3bh o7z, b
LN S20ERE. 0L >oHRIc O XERHCHIET 5 2 & A8
TEs, BRI DT AR TOZ RN —HELEEZRDHZ LT
Lz lilieb, $HL., TOEZEVIRTZ e T2 VT —HLD
MIE SN D,

AEERTIE, M2IRTEIR MY TLWNRMENRTHET Y MLVE
KENCHWT, = MRS SN T BIET D MY o7 L3215 ot
ME IRV —HEEHOTEET S Z L 2ilA 5,

7.1 JRiE

BIRTH LI, U MADEDITLE A LD affld 8cm gas package
HTRTOIRIT— 2L T, 3-D Tracking & [AfkOHEIC & U TREF
IR Lz &, [AFICeTo ASD Amp 6 D7 F 8 7135 % Flash
ADC A L. Spectroscopy & [AIfkDTEIC L Z DT 2NV F—{ii %
HHL T, 2oGat2IX5 LW FEETTI. ZHUTE D, ETHROAER
& Z ORIENH BN TR L LT 2NV -2 AFICHETE, =
2NV F K KOTONMTERD L ZENTE D,

—F. wfENF O 2)VF—HKIE. LT D Bethe-Bloch @3\ T &
5EN5,

dE o ol 22 2me V20 W s
_% = QWNaTemeC Z@ |:ln<#)i|
re: iy LA AR me B OHE

N,:7RH Fa &8 I-FEIE AR 7 > o % v
ZRPITE o R8T AR E o JH &

p: R D 2 NIPRF Dy
B=2 AR TOHE v=1//1-75

Winaz:1 BIO 85T ARTR 2352 5 KD Energy

ZoNZNMHL T, 61T package O < > b LR ASD Amp D V&
72 & ORIk 5 2 & T, @M TSN D TRV ¥ —
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HEONMZYI2l—vaViCkVEBTLZe08TE5, ohieE
By —x i d 52T < Mo b YUy LR OEENSAREE
A

7.2 setup

£9. oI p—PICORY T MNEID AR k> Tillfiie N TL %
YDTC, VIS D oz RAIIE, < MVERUTZRELY A
W H AT ANDEERSH L, T2 T, M34ITRT Iy hvE
8cm gas package ® WHBIZHX Y 1) 7z,

X 34: REERD 728 D setup, package FIT~¥ > MV & ATz,

7.3 TREFDRE

9, fMOKFL[EL & O ICTRIFZ IG5 2 & ik h iz, HE O/
W 21 EIFECTH S, MHE® HV 12X 620V EINL 7=, W= 213,
Kr& CO, % 9:1 OH[GTRGLEZVDTH 5,

T5e, M351TRT & RMRNES N,
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< MVOEIL, anode. cathode & HITEAKENNE ZAITFKEL
THDHDT, WMy MV ORYHEITREFE L TRATHWS Z &
Worb, £z, aflE e ERNTZ 2T —HENKES L, HAH
2IRITT AL RV, SR ROERE QR SICEHN TS, %
lzv afflE R NTETEZER T IFRCHIT s hiz v 2ok
BRI EE N E LV IVEMRNTHLZ S L, Z DR
Mo ThHsd I PR TE 5,

—H. MU DLRINC K FH S D oo Kr FOIREIE, R 1I1TR
THERETHSH, 2% Y. 8cm gas package F TITIFLT ORI T D4
TOTZRXINE -2 T, T2 T, 22 COHETIIHENIEE X 36 D
I LN 2225 72h%, ASD Amp 20 L CTHRESISEZ KT 5 2
L2k, aMDIH AP TR CHAZANX 2L TEIA 20, JREF
OBWUINLHEBHTLZ M TEZ T TCHL, —/. FHDOK T
DIRFEE. R2AITRTEETH S, S5Kr 6 D G HR-D Energy 1% 687keV
THAHDT, ZOREEE Gas Package W DZERI D A — )VITHIN T
ERVWIETTHSL, ZHICKVBIHIL TS HEHHRAS K 06 D BHRT
B, RUYRUDPSDaTHE I ENHHRIIEADEEZOND,

Energy(MeV) 4.0 5.4 5.7 6.1 6.3 6.8 8.8
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3% 1: Kr 1o o f oI
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7.4 KFEDRE : Bragg HifR

H ZHC DR D T3 )V F — LD, X 371K & 5 72 Bragg
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9 JnisSLY—RE
HARMICIE. bbb ehobDICFR2NMAZLOMNTLACTH A,

9.1 spectrum D&
9.1.1 RPV160 DEENTOI S L

#include "rpv160.h"

int data_num_fadc(unsigned int addr){
unsigned short *ptr;
int flag, num;
flag=0;
while(1){
ptr = (unsigned short *) (addr + 0x30004);
flag = xptr & 0x20;
printf("");
if (flag)

break;

ptr (unsigned short *) (addr + 0x30000) ;

*xptr;

num

num = num * 2;

return num;

};

void read_fadc(unsigned int addr, int num, int ch, int *data){

unsigned short *ptr;

num = num/2;

for(int i=0; i<num; i++){
ptr = (unsigned short *) (addr + i*2 + ch*0x2000);
xdata = *ptr >> 8;

data++;
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xdata = *ptr &O0x00ff;
data++;
}
s

void start_fadc(unsigned int addr){

unsigned short *ptr;

ptr = (unsigned short *) (addr + 0x30008);
xptr = 0x0001;
+;

void stop_fadc(unsigned int addr){
unsigned short x*ptr;

ptr = (unsigned short *)(addr + 0x30008);
xptr = 0x0002;
3

void clear_fadc(unsigned int addr){

unsigned short *ptr;

ptr = (unsigned short *) (addr + 0x30008);
*ptr = 0x0004;
};

void set_fadc(unsigned int addr){

unsigned short *ptr;

ptr = (unsigned short *)(addr + 0x20000) ;
xptr = 0x0003;
ptr = (unsigned short *)(addr + 0x20002);
xptr = 0x0012;
ptr = (unsigned short *)(addr + 0x20004);
*ptr = 0x5678;
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ptr = (unsigned short *)(addr + 0x20006) ;
*ptr = 0x0003;

for(int i=0; i<8; i++){
ptr = (unsigned short *) (addr + 0x21002 + i*0x200);
*ptr = 0x0080;
}
};

unsigned int init_fadc(int *dev, long base, size_t *mapsize){

int offset, pagesize;
char *addr;
fprintf (stderr," fadc base address : 0x%1x\n", base);
if ((*dev = open("/dev/vmedrv32d16", O0_RDWR)) == -1){
perror(" open : /dev/vmedrv32d16 ");
exit(1);
}

pagesize = getpagesize();
0x40000;
offset = base ’ pagesize;

*mapsize

base
addr

base - offset;
(char *)mmap(0, *mapsize, PROT_READ|PROT_WRITE,
MAP_SHARED, *dev, base);
if (addr == MAP_FAILED){
perror (" mmap : fadc failed. ");
exit(1);
}
addr += offset;

fprintf(stderr, " pagesize : 0x%x\n", pagesize);
fprintf(stderr, " mapsize : 0x%x\n", *mapsize);
fprintf(stderr, " fadc address on linux : 0x%x\n", (unsigned int) addr);
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return (unsigned int)addr;

};

int end_fadc(int dev, size_t mapsize, unsigned int addr){
munmap ((char *) addr, mapsize);
close(dev);

return O;

};

9.1.2 RPV130DEFHTOI S A

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <ctype.h>
#include <errno.h>
#include <unistd.h>
#include <fcntl.h>
#include <signal.h>
#include <sys/types.h>
#include <sys/stat.h>
#include <sys/ioctl.h>
#include <sys/mman.h>
#include <sys/param.h>
#include "vmedrv.h"
#include "rpv130.h"

static struct vmedrv_interrupt_property_t pr;
int latch_1_rpv130(unsigned int addr){

unsigned short x*ptr;

int data;
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ptr = (unsigned short *)(addr + 0x0);
data = (int) *ptr;
return data;

};

int latch_2_rpv130(unsigned int addr){
unsigned short *ptr;
int data;

ptr = (unsigned short *) (addr + 0x2);
data = (int) *ptr;
return data;

};

int latch_ff_rpv130(unsigned int addr){
unsigned short *ptr;

int data;

ptr = (unsigned short *)(addr + 0x4);
data = (int) *ptr;
return data;

};

int read_rpv130(unsigned int addr){
unsigned short *ptr;

int data;

ptr = (unsigned short *) (addr + 0x6);
data = (int) *ptr;
return data;

};

void pulse_rpv130(unsigned int addr, int data){

unsigned short *ptr;
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ptr = (unsigned short *) (addr + 0x8);
*ptr = (unsigned short) data;

};

void level_rpv130(unsigned int addr, int data){

unsigned short *ptr;

ptr = (unsigned short *) (addr + Oxa);
*ptr = (unsigned short) data;
I

void intr_rpv130(int dev, void (*sigh) (int)){
pr.irq = LEVEL;
pr.vector = VECTOR;
pr.signal_id = SIGNAL_ID;

signal (SIGNAL_ID, sigh);
ioctl(dev, VMEDRV_IOC_REGISTER_INTERRUPT, &pr);
s

void ena_intr_rpvi30(int dev, unsigned int addr){

unsigned short *ptr;

ptr = (unsigned short x)(addr + 0Oxc);

xptr = 0x5b;

ptr = (unsigned short *)(addr + Oxe);

*ptr = 0x5b;

ioctl(dev, VMEDRV_IOC_ENABLE_INTERRUPT) ;
s

void dis_intr_rpv130(int dev){
ioctl(dev, VMEDRV_IOC_DISABLE_INTERRUPT);
I
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void reset_intr_rpv130(int dev){
ioctl(dev, VMEDRV_IOC_UNREGISTER_INTERRUPT, &pr);
signal (SIGNAL_ID, SIG_DFL);

s

unsigned int init_rpv130(int *dev, long base, size_t *mapsize){

int offset, pagesize;

char *addr;

if ((*dev = open("/dev/vmedrv16d16", O_RDWR)) == -1){
perror(" open : /dev/vmedrv16d16");
exit(1);

}

pagesize = getpagesize();

*mapsize = 0x1000;

offset = base J pagesize;

base = base - offset;
addr = (char *)mmap(0, *mapsize, PROT_READ|PROT_WRITE,
MAP_SHARED, *dev, base);
if (addr == MAP_FAILED){
perror (" mmap : RPV130 failed.");
exit(1);
}
addr += offset;

return (unsigned int)addr;

};

int end_rpv130(int dev, size_t mapsize, unsigned int addr){
munmap ((char *) addr, mapsize);
close(dev);

return O0;

};
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// Written by Nagayoshi
void status_rpv130(unsigned int addr){
unsigned short *ptr;

ptr = (unsigned short *)(addr + 0Oxc);
fprintf(stderr,"CSR1: 0x%x\n", *ptr);

ptr = (unsigned short *)(addr + Oxe);
fprintf (stderr,"CSR2: 0x%x\n", *ptr);

void clear_csrl_rpv130(unsigned int addr){

unsigned short *ptr;

ptr = (unsigned short x)(addr + Oxc);

xptr = 0x5b;

fprintf (stderr,"CSR1: 0x%x\n", *ptr);
}

void clear_csr2_rpv130(unsigned int addr){

unsigned short *ptr;

ptr = (unsigned short *)(addr + Oxe);

xptr = 0x5b;

fprintf(stderr,"CSR2: 0x%x\n", *ptr);
}

9.1.3 HEMEZERETAI055 L4

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <ctype.h>
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#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include

<errmno.h>
<unistd.h>
<fcntl.h>
<signal.h>
<sys/types.h>
<sys/stat.h>
<sys/ioctl.h>
<sys/mman.h>
<sys/param.h>
"vmedrv.h"
"rpv160.h"
"rpv130.h"

#tdefine BASE160 0x00400000
#define BASE130 0x2000

int main(){

int dev160, devi130;
size_t mapl60, mapl30;
char *addr160, *addr130;

// Set-up RPV-160

addr160 = (char *)init_fadc(&dev160, BASE160, &mapl60);
set_fadc((unsigned int)addri160);

clear_fadc((unsigned int)addri60);

start_fadc((unsigned int)addri160);

// Set-up RPV-130

addr130 = (char *)init_rpv130(&dev130, BASE130, &map130);
pulse_rpv1i30((unsigned int)addr130, 0x7);

int num = data_num_fadc((unsigned int) addri160);
ch[8] [num] ;

max;
data =

a[140];

int
int
int -1;
int
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int s = -1;
int integ;
for(int i=0; i<8; i++){
read_fadc((unsigned int) addr160, num, i, &ch[i] [0]);
}

for(int i=num-140; i<num; i++){

s = s+1;
als] = ch[7][i];
if(data == -1){

data = als];
integ = data;
}
else if(data !'= -1){
data = als];
integ = integ + data;

}

int mean;
mean = integ/140;

int b[140];
int t = -1;
int peak = 0;

int aho = 0;

for(int i=num-140; i<num; i++){
t =t+1;
b[t] = ch[71[i];
if (mean <= b[t]-0){
peak = peak + b[t];
aho = aho + 1;

48



int rest;
int spec;
rest = aho*(mean+0) ;

spec = peak - rest;

printf ("%d",spec);
printf("\n");

char fname[100];

FILE xfp;

sprintf (fname, "./filename_Y%dhakei.dat", spec/10);
fp = fopen(fname, "w");

for(int i=0; i < 140; i++)

{

fprintf(fp, "%d %d\n", i, alil);

}

fclose(fp);

end_fadc(dev160, mapl60, (unsigned int) addri60);

dis_intr_rpv130(dev130);
end_rpv130(dev130, map130, (unsigned int)addri30);

return 0;

9.1.4 TBEMEZTLKSALBREDHDY VAR YT

#!/bin/sh
i=-1

while let "++i <10000";
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do
echo "$i"
./main_brandnew >> filename.dat

done

while let "++j <100";
do

. ./memory/a.out

done

9.1.5 1/RJGERNISLFKROTY O for ROOT
TODL AN T LBARFICEREEL DD EORTEL,

gROOT -> Reset();
gStyle->SetOptStat (0000000) ;

TCanvas c1("data","spectrum");

TH1S *hl = new TH1S("data",'"spectrum",100,0,800);
ifstream data("/home/kazu/macro/filename.dat");

double x;
while(data >> x){
hl —> Fill(x);

}

data -> close();

TH1S *h2 = new TH1S("data",'"spectrum2",100,0,800);

ifstream data('"/home/kazu/macro/filename.dat");
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double x;
while(data >> x){
h2 -> Fill(x);

}
data -> close();

leg = new TLegend(0.7,0.7,0.9,0.9);
leg -> AddEntry(hi," mname","lp");
leg -> AddEntry(h2," mname","lp");

hl -> SetMarkerColor(2);
h2 -> SetMarkerColor(3);
hl -> SetMarkerStyle(5);
h2 -> SetMarkerStyle(4);
hi -> Draw("P");

h2 -> Draw('"sameP");

leg -> Draw();

9.2 2D-Imaging,3D-tracking

9.2.1 memory board DFCE)

#include "memory.h"

int read_memory(unsigned int addr, int *data, int num){
int *ptr;
int flag;

while(1){
ptr = (int *) (addr + 0x4);
flag = *ptr;
if (flag == 0x0){

break;
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}
ptr = (int *) (addr + 0x0);
xptr = 0x2;

b

if(flag == 0x0){
ptr = (int *) (addr + 0x0);
for(int i=0; i<num; i++){
*data = *ptr;
data++;

}

return flag;

};

int start_memory(unsigned int addr){
int *ptr;
int flag;

ptr = (int *)(addr + 0x0);
*ptr = 0x01;
do{
usleep(1);
ptr = (int x) (addr + 0x4);
flag = *ptr;
fprintf (stderr, "%d", flag);
twhile(flag != 0x0);
return flag;

};

void set_memory(unsigned int addr, int num){

int *ptr;

ptr = (int *) (addr + 0x8);
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*ptr = num;

};

void abort_memory(unsigned int addr){

int *ptr;

ptr = (int *) (addr + 0x0);
xptr = 0x0;
};

void reset_memory(unsigned int addr){
int *ptr;

ptr = (int *) (addr + 0x0);
xptr = 0x2;

};

unsigned int init_memory(int *dev, long base, size_t *mapsize){

int offset, pagesize;

char *addr;

if ((xdev = open("/dev/vmedrv32d32", O_RDWR)) == -1){
perror(" open : /dev/vmedrv32d32 ");
exit(1);

}

pagesize = getpagesize();
0x1000;

offset = base ’ pagesize;

*mapsize

base = base - offset;
addr = (char *)mmap(0, *mapsize, PROT_READ|PROT_WRITE,
MAP_SHARED, *dev, base);
if (addr == MAP_FAILED){
perror(" mmap : memory board failed. ");
exit(1);
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}
addr += offset;

return (unsigned int)addr;

};

int end_memory(int dev, size_t mapsize, unsigned int addr){
munmap ( (char *) addr, mapsize);
close(dev);

return O;

};

9.2.2 2D,3D DF—4EE

2D OEHEIELI T o7 75 Lo [ Jprintf DEB D x,y % printf THi7]
FThiF L,

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <ctype.h>
#include <errno.h>
#include <unistd.h>
#include <fcntl.h>
#include <signal.h>
#include <sys/types.h>
#include <sys/stat.h>
#include <sys/ioctl.h>
#include <sys/mman.h>
#include <sys/param.h>
#include <vmedrv.h>

#include "memory.h"
#define BASE 0x300000
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#define ENUM 100

main(){
int dev,data[ENUM] ;
size_t map;
char *addr;
int x [ENUM], y[ENUM], clk[ENUM];

addr = (char *)init_memory(&dev, BASE, &map);
reset_memory((unsigned int) addr);
set_memory((unsigned int) addr, ENUM);
start_memory((unsigned int) addr);
fprintf(stderr, "\n\n");

read_memory((unsigned int) addr, &data[0], ENUM);

for(int i=0; i<ENUM; i++) {

x[i] datali] & 0x000003ff;
y[il = (datal[i] >> 10) & 0x000003ff;
clk[i] = (datal[i] >> 20) & 0x00000fff;

//printf ("%d %d %d\n", x[i], y[i]l ,clk[il);

for(int j=0; jJ<ENUM-2; j++){
if((clk[jl-c1lk[j+1]) < 10 &&
(c1k[j1-c1k[j+11) > 0){

printf("%d %d %d\n", x[jl,y[jl,c1lk[j1);
}

end_memory(dev, map, (unsigned int)addr);
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9.2.3 2D,3D DERZLIALBZHDY VRO YT

#!/bin/sh
while let "++i < 10000";
do

echo $i
./main_clk_alpha2 >> filename.dat

done

9.2.4 2RITGEARAMNISLRTDOTZ O for ROOT

{
double x,y;

TCanvas *cl = new TCanvas('"mu-pic","histgram"); //you can decide positions.
TH2F #hl = new TH2F("mu-pic","histgram",250,1,1000,250,1,1000);

ifstream data("/home/kazu/macro/filename.dat");
while(data >> x >> y){

hl -> Fill(x,1024-y);
}

data -> close();

hl1 —> Draw("COLZ");
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9.2.5 Garfield [CAHWERZ UT B

&CELL
plane y 0.0 v = 0.0
plane y -8.0 v = -4000

cell-id "mpic"

&GAS
Global gas_file ‘krypton_90_co2_10.dat°
Call inquire_file(gas_file,exist)
If exist Then
GET {gas_file}
Else
MAGBOLTZ KRYPTON 90 C02 10
Write {gas_file}
Endif

&drift
Call electron_velocity(0,-3,0,vx,vy,vz)
Say "Velocity: ({vx,vy})"

time

&stop
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