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F1E IL®HIC

1.1 D-Egg Scan Box ®HH

D-Egg Scan Box & D-Egg IZ[FIFTa Y X — + SN %2FTH D-Egg 2% ERE LT D-Egg DA 7 X7 v
HONAEWZ & D 7B MG E OB Z il § 2 HIN TRIEZITWE Lz, 7251 D-Egg NOBIEA LED
DHAHEDREZEIT o720 KIERHIBOREICHEHATE 2 X5 ICHMREREEIC R > TVWE T,

1.2 D-Egg Scan Box D£{F[K]

D-Egg Scan Box (&M LI IZ/RT £ 5 42 EE 130 cm, #itA 110 cm OEFRIZIZ > TWE S, Box AHERICIE 2 D
DEEER T =8 7 7 A NHBWMD T SNz A DO—FIR T —IHnH Y, T XD D-Egg 2z EET 51L
Ao TE T, A DDAF ¥ 21T T TRAEZEETE. ZRENDAF v ¥ % b-r scan(bottom, r J7[f]),
b-z scan, t-r scan, t-z scan LR, ZAHDAF ¥ Y ERFIFICITS 2 A TE T, JIE L2\ scan D7 7 4 NI
KD XD WIRET 2REDDH 5 (22 i),

212 D-Egg Scan Box DX A4 7277 L%RT, ZOY AT LADOFMII D ETHHAT 5,



Egg Scan Box

1.1: D-
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1.2: D-Egg Scan Box DX A 7 75 L




£28 D-Egg Scan Box D

2 %12 D-Egg Scan Box DM ZHIHT %,

2.1 LD module

LD module {% 405 nm @ ¥'— 27 R %2 HD LD(LA06GY) & Zh 2 BEIX ¥ 270 DEHME. 0.5 %D 7 4 L&, 2
DDML YA, 774D AXT X9 3D Y YR TRIESNIARLX—IT Lo TRHRES L TWS (X e),

2.1: LD module

F7 LD OEFRIIN E2 D X 512> TWb, ZOEEEK®D Cl & R4 TR X N2 7RI X > TE LR
EERL N7 U ORXTEEINTWL 28 TLD X 10 ns 205 20 ns DEV LA EZRHB L TVWE, 20
EEICIE TTLES L ER (2 V25 15 V) 2653 242035 D, Function Generator & BIREBEZ MM T 2,
F-EBRETEOMEEZZIEZ I THREZED DD TEI N TE S, LD OFIfENIKED B2 HiCii
3 %,

L Fh

R1
PULSE(0 5 0 2n 2n 96n 200n) 60 50.

-tran 1500n

2.2: LD O [EEX


https://www.thorlabs.co.jp/thorproduct.cfm?partnumber=L405G2

2.2 Fiber

LD module 22 572 1 DDA LT 7T OO0 %E D1 57 » A NITANKT 2, ZORIETIXTD
DHITDOH 2 DDAEZEMFS, DlED 1 DIFEMD 7 7 £ N—%HHi U reference PMT IZHEEHER, DD 1200k
HIELEZWRAF ¥ VICHWA IR T —JCH 27 7 4 N % L Scan Box NIZHERE 5,

2.3 reference PMT

reference PMT EHIEF D LD ONEDE=X —ICHWS, B AT —I 0o EINTWBHED
BB HAVS, ZD PMT & Scan Box BRI H 2 IEFNICERE L TH D, Tl 7 7 4 N5 ONZEHIL TV
%, PMT QB3R — 7 V2@ Ao rn R a— N\ #EIENEE IG5, £/ PMT NOHNELEIZE
MEOEELEEREZFEHAL TS, PMT D5 A Y I—7RBREID XS ICR->TED, HIZT—EDF A4 >~ THIE
BRI DICHINMELZ 1361V ICRET 20BN D %, D-Egg b FIFEED PMT OIWICIZRAKDFEZ
S RBEDD B,

o HEMmMEHZ VL ZAICBEX W
o HEHIMANIALFTREHMNCEVTEL (Y7 PTHIRT 2 X5 CLTH00hS)
o MEX X2\
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X 2.3: LD OFEEK

2.4 AIEFRAT—

ZOEBIZIF 2 ODEMERAT =Y 2=y b 4DD—HIRT—Y 2=y FPHOLNTWVWS, 62055 1D0D
[A#5 27— 2= F& Thorlabs #HHDEFEZ T — P ¥ R 54 NTHEREINATHT, 5 —2ODEEZRT—JiX
Orientalmotor HHEIDERERA F—I ¥ RS A NTH B, 4 2D—HIX 7 —I1F THK HH D 2 5 4 & & orientalmotor
HEDE-Z L FF A4 NTHREN TS, Orientalmotor @ K 7 A4 NIZFE CEESTH D, HiAH/ =4 200-240 V
DEFRETEL 24 V OHIHBEESIDETH 2, F2AT—IOHIENIKED 63 i, BaHTHPT 3,



2.5 D-Egg & MiniFieldHub

D-Egg & ®% b Bt D i3 MiniFieldHub(MFH) %/ LT PC T35,

26 XA12PC

CDIATATIEZL DEBL PCIC Lo THilflT 2 2 TIXIFEEITHIE R
P PMT 2»56DEED PCIZELNT —XDEITIC VWSS, Zhbk

WKEBIPNTWS, TOPCOTF 4 L7 b URBRIIREIO ECDHiTHAET 3,

2.7 X®

= =

172

4= = >

T2

D-Egg O#IfliE R 0 B3 FiCRT 5,

EPTEDS, ¥/ D-Egg

PC X Scan Box i 57— 7L |

KEDW DY RT AHOTW R RREO—HETT, VY 7 DN 5 b D> TWEWZ0T X D R
WOBRERIGESEICTI0VWES S,

R [ x—7— |l | zofts
L405G2 LD Thorlabs 1 W&
77 Function Generator 77 1
PMXT70-1A | Power Supply Kikusui 1 BHR—=
77 Filter Thorlabs 1
77 Convex Lens Thorlabs 1
77 Convex Lens Thorlabs 1
BF74HS01 | Split Fiber Thorlabs 1 R —=
M28L05 Fiber Thorlabs 5 R =
reference PMT ER7 4 b= R |1
HV Power Supply B4 b= R |1
Fruzxa—7 77 1
AZD-AD FZA4N Orientalmotor 5 R =
AZM46MOC | —HIRA 7 - HE—X Orientalmotor 4 BlAR—
SKR3306A | KFSFARZ A X THK 2 R =
SKR2602A | MEERF A X THK 2 R —
DGM130R | L#E#EY 7 F 22 —& Orientalmotor 1 BIFAR—
BSC201 FZ AN Thorlabs 1 AR —=
HDR50/M | T#EH#EY 7 F 2 = — & Thorlabs 1 RS
777 Collimated Lens 77 4 Z ZITHA
PH75/M | BEHFAHAARR F kL& — | Thorlabs 2 B AR—
PH100/M | /K FA AR F kL& — | Thorlabs 2 AR =

#£21: EE-E


https://www.thorlabs.co.jp/drawings/39eb0769ace5d023-3FA0E39E-A5E0-14E2-A873FBC699058034/L405G2-SpecSheet.pdf
https://kikusui.co.jp/products-index/dc/pmx-a/#section-2
https://www.thorlabs.co.jp/thorproduct.cfm?partnumber=BF74HS01
https://www.thorlabs.co.jp/thorproduct.cfm?partnumber=M28L05
https://www.orientalmotor.co.jp/products/detail.action?hinmei=AZD-AD
https://www.orientalmotor.co.jp/products/detail.action?hinmei=AZM46M0C
https://www.ea-thk.com/?q=ea_jp/node/1179&_ga=2.20933821.466099153.1646803786-953032341.1646803786
https://www.ea-thk.com/?q=ea_jp/node/1179&_ga=2.20933821.466099153.1646803786-953032341.1646803786
https://www.orientalmotor.co.jp/products/detail.action?hinmei=DGM130R-ARAC
https://www.thorlabs.co.jp/newgrouppage9.cfm?objectgroup_id=1704&pn=BSC201
https://www.thorlabs.co.jp/drawings/39eb0769ace5d023-3FA0E39E-A5E0-14E2-A873FBC699058034/HDR50_M-Manual.pdf
https://www.amazon.co.jp/gp/product/B078HK89P4/ref=ppx_yo_dt_b_asin_title_o02_s00?ie=UTF8&psc=1
https://www.thorlabs.co.jp/thorproduct.cfm?partnumber=PH75/M#ad-image-0
https://www.thorlabs.co.jp/thorproduct.cfm?partnumber=PH100/M#ad-image-0

£3E REDHIWE

3.1 PC

3.1.1 FaL2Z MUK

D-Egg Scan Box Z FW/HEDIZE A 8 DIEEN PCHOMTEIES Z L THMT %, £ZTET ZOHIEIL
W2 PCOTF 4 L2 M VBRI OWTHIAT 5.
’ /home/icecube/ ‘

Workspace
degg_scan

data

json

run_0001

scanbox
DEgg0-0-0

DEgg0-1-0

firmware

software

Illlﬁllmlgﬁm“

degg_scan

HEICBI S 2R 27V 7 Mi& “/home/icecube/Workspace/degg_scan/”NIZA>TWb, TDT 4L 27 FYHAD
WERIHE 7205 T %,
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.../degg_scan/

DEggScan

% measure_scan.py ‘

# oriental_motor.py ‘

4 thorlabs_hdrb0.py ‘

FTARTDa— R python TEER XN TW S, DEggScan 21T 5 HEIIBIE “daq_script/DEggScan /main.py” %
F1T9 %, main.py & measure_scan.py WO BIEU 2 L TV % 72 % measure_scan.py (3443 main.py LA T DR
BICHE L T LEXH L, Z0a— FOWNFITE LA THAT 3,

“sre/" PNCIZE— X Ol 2 7 9 R %FR L7z 2 — K (oriental_motor.py, thorlabs_hdr50.py) & LD N ftkG
BEZGIET 22 7 A %508 L7za— F (kikusui.py) 235 %, F7z__init__.py(2— F Bd) & setup.py(2— F B2)
DEIRIZED HEW BT stce ND 7 7 A FHAHTE 2 X 51278 %, stc NDa— R ZZEE L7255 setup.py
D& 55T “pip install -e 2 FEITT 2MEND 5, £z ste NITHTZZIZ 7 7 X2 F 25813817212 _init__.py
D__all__MIZBEE U setup.py 25 BIGFTT “pip install -e " 2 EITT EZREND 5, setup.py Dif L WEHIHIEIZ
IBBEITL TSN,

1 from .thorlabs_hdr50 import =
from .kikusui import x*
from .oriental_motor import =

all = [ >HDR50’, ’PMX70_1A’, ’AZD_AD’]

Listing 3.1: init.py
from setuptools import setup
3 setup (
1

name=’degg_scan’,
6 version=’0.1.0",
7 description=’Collection of scripts for DEgg Scan system’,
8 author=’Icehap’,
9 packages=[’src’],

Listing 3.2: setup.py

data

data PIZIE Degg DIEHRZFR LTV 3 json 7 7 £ L& DEggScan TORIET — X 03H 5,

/data/json/run/PNCid D-EgglD OERMBIMRE XN TS 7 7 4 ADEE SN TWS (BIB3), # LW DEgg %
REBLZLEZDN json 7 7 A VEIERT 2REND 5, 5D ZAEZFIED HH005720DT Colton
WKHWT &N,

/data/json/run_00001/AD json 7 7 4 MZiE HV OE#HS D-Egg IZHE#H ST 54850 ID, HIED 1 772
CHEHEH TN TV S (fl33a),

11


https://qiita.com/Tadahiro_Yamamura/items/2cbcd272a96bb3761cc8
https://qiita.com/Tadahiro_Yamamura/items/2cbcd272a96bb3761cc8

"DEgg2020 -2-058" :

"comment": "test run",

"date":

"2022-01-12"

Listing 3.3: run_00001.json

"DEggSerialNumber": "DEgg2020-2-058",
"UpperGlassSerialNumber": "degg-top-20210129-2U",
"LowerGlassSerialNumber": "degg-bot-20210129-2L",
"UpperGlass": "4108",
"LowerGlass": "4109",
"UpperPmt": {
"SerialNumber": "SQO0556",
"HVB": "20135c_068",
"HVlie7Gain": 1482.1818401882272,
"HVlie7GainDefault": 1500,

"BaselineFilename":

"GainMeasurement_00": {

1,

"GitActiveBranch": "install_restructure",
"GitShortSHA": "d173e72",
"GitUncommittedChanges": true,

"Folder": "None",

"Comment": "test in dark box"

"GainMeasurement_01": {

"GitActiveBranch": "install_restructure",
"GitShortSHA": "d173e72",
"GitUncommittedChanges": true,

"Folder": "None",

"Comment": "test in dark box"

"PenetratorType": -1,
"PenetratorNumber": "179-1_13_D13",
"SealingDate": "2021-02-24",
"ArrivalDate": "2021-03-15",
"flashID": -1,

"ICMID": "1e00000f17de4824",
"fpgaVersion": 270,
"IcebootVersion": 49,

"BoxNumber": "L-B-1",

"Port":

LicHUE

5007,
IIO201" ,

"FlasherID": "REV2-117",
"MainboardNumber": "4.1-154",
"ElectricalInspectionNME": "",
"FlasherNumber": "REV2-117",
"CameraNumber": "R488623632D",
"Constants": {

"Samples": 128,

"Events": 10000,

"DacValue": 30000

},

"GitShortSHA": "d173e72"

Listing 3.4: DEgg2020-2-058.json

"/home/icecube/data/json/run_00001/DEgg2020-2-058. json",

"/home/icecube/data/scanbox/baseline /20220128 _03/SQ0556

.hdfs5",

/data/scanbox/(DEgg @ ID)/N® “/% A% + > (top-r, top-z, bottom-r, bottom-z)/ H {7 + V& — /" IZHIE
T=BDNH 5, ZDOHITH sig/ & ref/IZ7 DT W5, sig/charge_stamp.hdfs NI DEggScan DAGERH T — & 7
L=t LTHRFEEATVS (Il BH), ref/NICIEE ¢ DIRFDE =X PMT TONEDOEIE T — X BRIFIHT
Wd,

timestamp charge channel event_num r_point t_point
457506007360 123.426117 1 0 0 0
457506007874 12.731033
457506140665 27.651093
457506487359 162.728497
457506792815 3.330186

B W NP O
[ e ==
o O O O
O O O O
o O O O

12



8 2995 7681220178394 256.346583 46 138 354

0
9 2996 7681274092243 314.668680 0 46 138 354
10 2997 7681274491714 327.1920561 0 46 138 354
11 2998 7681332473295 303.506997 0 46 138 354
12 2999 7681333570228 622.160545 0 46 138 354

13

Listing 3.5: charge_stamp.hdfb

firmware & software

firmware & software P& D-Egg R DD T2372DDEY 2 — LB Ao TWVWET, #f L < & colton 2» max
WEICEWWTL x5,

3.2 LD

LD O8IfEIZIE 2 225 15 V OEFRER E TTL {35 %1% % 72® @ Function Generator 234 E TS, T 21E
TR & Function Generator (338 220 O3 D T35, FLIK Kikusui O EFREFIZ PC TEEEOHIEINTE 2 X5
275> TWVWE T, FERIVICIE Function Generator % PC»5 3> b — L TE 3 X5 IXT 2D FE LW,

E B IHOHIEENIX sre WO kikusul.py” 12 %5 PMXT70.1A £S5 7 722 FHLET (2— FBB), 2DV 7
ZUFHETHWS LD 23T 2RETE-oTHE D LD OFFERPLEELBA 255137 —2HT X5
set_volt_current % change_volt_current DN THEL T3, 2— FEKRIZBFODTEBLTINSZHH D
72V O I RAEMHT 2V va— RERT (a— FED),

1 import vxilil

2 import time

import sys

5 class PMX70_1A:

7 def __init__(self, ip):

9 self._ip = ip

1 def connect_instrument (self):

1
1
12 try:
13 ps = vxill.Instrument (self._ip)
14 print (’Get this power supply\n -->> ’ + ps.ask(’*IDN?’) + ’\n’)
1
16 except:
7 print (’IP address ERROR.\nPlease check PY File you ran.’)

1

18 sys.exit ()

19

20 time.sleep (2)

2
def set_volt_current(self, volt, current):

24 if volt <= 10 and current <= 0.1:
25 print (’Voltage & Currnt setting is GOOD. KEEP GOING!!’)

27 else:
28 print (’Voltage & Currnt setting is BAD!!\nPlease check PY File you ran!!’)
29 sys.exit ()

31 try:

32 ps = vxill.Instrument (self._ip)
34 except:

35 print (’IP address ERROR.\nPlease check PY File you ran.’)
36 sys.exit ()

37

38 print (ps.ask("*IDN?"))

39 ps.write("VOLT " + str(volt))

40 ps.write("CURR " + str(current))

11 ps.write ("OUTP 1")

42 time.sleep (3)

13



64

66

res = ps.ask("MEAS:ALL?7")
print (’current and volt -->> > + res + ’\n’)
return res

def change_volt_current(self, volt, current):

if volt <= 10 and current <= 0.1:
print (’Voltage & Currnt setting is GOOD. KEEP GOING!!’)

else:
print (’Voltage & Currnt setting is BAD!!\nPlease check PY File you ran!!?’)
sys.exit ()

try:
ps = vxill.Instrument (self._ip)

except:
print (’IP address ERROR.\nPlease check PY File you ran.’)
sys.exit ()

ps = vxill.Instrument (self._ip)
ps.write("VOLT " + str(volt))
ps.write("CURR " + str(current))
time.sleep (1)

res = ps.ask("MEAS:ALL?")

print (res + ’\n’)

return res

def turn_off (self):

try:
ps = vxill.Instrument (self._ip)

except:
print (’IP address ERROR.\nPlease check PY File you ran.’)
sys.exit ()

ps = vxill.Instrument (self._ip)

ps.write ("OUTP 0")
print ("turn off the device\n")

Listing 3.6: kikusui.py

from .kikusui import * #import the kikusui module

LD = PMX70_1A(’10.25.123.249°) #PMX70_1A(IP address)
LD.connect_instrument ()
LD.set_volt_current (6, 0.02) #set_volt_current(voltage(V), current (A)

Listing 3.7: sample.py

3.3 HA[E)RT— (Thorlabs)

6 DDA[ENR T —P D5 B FANCH 2 [l 2 7 — 21 Thorlabs 8D HDR50/M ¥\ 3 [Al#5 2 57— 2% FWT W
3o FHIEAR—LR=VEABZEVVTL & o

Z DL R 7 — 1% Kinesis WO EHY 7 bY = 7 python DR 2 ) F M TEET 2 Z e TZX %, HIET
¥ python 227 V) 7 M ZHWTHIBEIL TV 223, BBRIVICEEL X B 720 2 XX Kinesis VW3 & X\,

3.3.1 python TOHIE

%3 python 2 — FZHWHIHZEHAT 2, ZDHEEEE OHIEIZIE stc WD thorlabs_hdr50.py (2 % HDR50
WS 77 ARMHT S (32— FBR), 2D 7 A thorlabs_apt_device £ WH AT 4 7°F 1) @ BSC201 %
AL TELNTWS, 2077 ROFEERE LTUIEH LT move RALSL WS BEMALRVWZ X TH %,
INET 2 LEEEDTE T T BN ROEHER BT EITo TLEWIARBE D ICEHE LR R b, ZD7® move 7R A

14


https://thorlabs-apt-device.readthedocs.io/en/latest/
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72 B &R L 72RIC wait_up BECR 812 LEIED D 2 D FRFOREDLH %, (7 7 ADHHEZE L move 72 A
72 5 DD BRI wait_up() Z ANAUTOWIZ T DD ?)

DT 7 A% L zEEES OFEIHA D X 27 U 7 M & motor D move_thorlabs.py I % (2 — K BY), Z
@D — Rl “python3 move_thorlabs.py [f[£] (-d negative)” £ FEITF %, AEDOFNICHELI-WAEZ ANSZ L
TEERADIEFE D 2EER S 5 (), £72F 7> a > T “d negative” ¥ A3 Z ¥ Clalix 5 a7 KRR E]
DI/ %, %7z motor N thorlab_home.py(2— N BI0) ZEf73 2% Z & CHEEEDHERMBEICRE 5, 772 LE—
K OMEIC K D EHEFABED D, =T NART7 DRAS 5 2 7D HbHRNES 23X,

from thorlabs_apt_device import BSC201
import time

class HDR50(BSC201):
def __init__(self, serial_port=None, vid=None, pid=None, manufacturer=None, product=
None, serial_number="40", location=None, home=True, invert_direction_logic=False,
swap_limit_switches=True):
super () . __init__(serial_port=serial_port, vid=vid, pid=pid, manufacturer=
manufacturer, product=product, serial_number=serial_number, location=location, home=home,
invert_direction_logic=invert_direction_logic, swap_limit_switches=swap_1imit_switches)
self.set_velocity_params (acceleration=4506, max_velocity=8987328)
self .set_jog_params(size=75091, acceleration=4506, max_velocity=8987328)
self.set_home_params (velocity=8987328, offset_distance=0)
def move_absolute(self, degree=None, now=True, bay=0, channel=0):
position = degree * 75091
return super () .move_absolute(position=position, now=now, bay=bay, channel=channel)
def move_jog(self, step=None, direction="forward", bay=0, channel=0):

step = step * 75091

if (step!=None):
self.set_jog_params(size=step, acceleration=4030885, max_velocity=4030885)

return super () .move_jog(direction=direction, bay=bay, channel=channel)
def move_relative(self, degree=None, now=True, bay=0, channel=0):

distance = degree * 75091

return super () .move_relative(distance=distance, now=now, bay=bay, channel=channel)
def get_positoin_status(self):

angle = self.status["position"]/75091

return angle
def wait_up(self):

pos = int(self.status["position"])

while True:

print (’Moving now ...( _")...”)
time.sleep(2)
now = pos - int(self.status["position"])
if (now==0) :

print (self.status["position"])

break
pos = int(self.status["position"])

def turn_on(self):
self.set_enabled (True)
return O

def turn_off (self):

self.set_enabled (False)

15



return O

Listing 3.8: thorlabs_hdr50.py

from src.thorlabs_hdr50 import *
import click

@click.command ()
@click.argument (’distance’)
@click.option(’--direction’, ’-d’, default=’positive’)
def main(distance, direction):
stage = HDR50(serial_number="40106754", home=False, swap_limit_switches=False)
if (direction==’negative’):
stage.move_relative (-int (distance))
else:
stage.move_relative (int (distance))
stage.wait_up ()
print (stage.status)

> .

if name == ’__main_

main ()

Listing 3.9: move_thorlabs.py

from src.thorlabs_hdr50 import =*

stage = HDR50(serial_number="40106754", home=True, swap_limit_switches=False)
stage.wait_up ()

print (stage.status)

stage.close ()

Listing 3.10: thorlab_home.py

3.3.2 Kinesis¥ 7 b7

Kinesis V7 P 7 = 7L TIHET o) > 722 BRAUETbH» 3 TL & 5,
7272 LR AT — e — R 2 DOF - TED, 22D DRED D> TWSEDOTHELTHXIIHFEE LRV
EWVIFRV, BTl S IIEETE, HARNIC 10m/s LTICERET 2REND 5,

3.3.3 FSTNa—Fa>yF

HAIXWEZ DD 5008 thorlabs DE— X% python TEIT & L5 — (7 —2REND, EFEICEEL
BhpoleD)BRIZZenDH 5 (HitH 2),
BURHERR I LTV 2 N 270

1. Received unknown event notification from APT device 0 ¥ KEIZIRE N 5,

2. BT EEE X E I RO “Moving now ...(").." e —E LTI F, 20 TL 3 position @
D3R & 228 T a0,

D2PTH 3,
H L MMUGEEZFCTHOUTFOHEZTXF F—IZRTOATH 5,

1. thorlabs D K 7 4 NDEFZ ANLET,
2. F—T7NOFLAEBLEIT,
3. FIANDEFEZYID Kinesis A > TW3 PCIZ USB 7 — 7L %7 load,unload ZfTWTF A7 b v 71

LB,
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https://www.thorlabs.co.jp/newgrouppage9.cfm?objectgroup_id=10285

4. FIANDEFEZYD Kinesis A > TW3 PCIZUSB 7 — 72 L load 21T\ USB 7 — 7L %5 X
Zhy I LRBT,

INEDVTNHRDTIE (B LBHAEDE) 2175 27— BB L2333 TH 5, ALICHEIDRNS
2N DT LIED 7370 D R Z DEIFZE L TIE LW,

3.4 HA#RT— (Orientalmotor)

THIDEEE R T — P A D 5 DD orientalmotor D KT A N E—XZHHLTW3S,
INBDRAT—IFEMEXE02 EWSEHY 7 b Y = 7 h python DAZ Y P TEETZ 2T 5%, HIE
TlZ python 227V 7 S ZHWTHIEIL TWa 23, BBRINCEEZ X B0 e 21X MEXE02 Z W5 & KW,

3.4.1 python TOHIE

%3 python 25725 DDE—XDFIHZEHHT 2, ZDE—XD=HD 5D KT A4 NIIBIREE TR L
(K B), 224U slave address ZFXET 2 Z & T 1 AD RS-485 77— TN DA T 5 DDE— X OilHIA A HEIC
7%, KI 410D slave address °F DO VEREIXZ ZDV) V72 BEICTZ2 2 VWWTL & 5, BfE. %K
7 4 XD slave address (& TR DY <17, MKEG MDY “27, EAWEA D <37, EMREEG AT <47, AL
AT =MW LREINT VWS, ¥R DRIANKMEBICHEAMNERZRD S ZENTES, ZADEITIED
VYO RBEICHRETHEVNTL & I,
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https://www.orientalmotor.co.jp/products/detail.action?hinmei=AZD-AD

3.1: orientalmotor ® K 7 A4 N, KED LAN 77— 7N K o TEFHRBRECHEREIN TV S,

Z D X D HEE X 7z Orientalmotor D R 7 — & src WD oriental_motor.py 12 % AZD_AD £ \W5 7 5 R
AT 2 (a— FEm), MAMICHWSATWSEE—XIE 1 A7 v 7T 3/500 mm, HEAFIHOLRTWS
ET—XF1 A7 7T 1/500 mm, FHIEFLE—XIE1 27 v 7T 1/100 ETH < 728 moveRelative DBIEINT
E—RDRATy TRICEEMAZ I 2L TWD, ZRZEIDBRE—XDRT v THTIIR AN S H 0Bl
(mm, &) CHETHW2 Z T3,

D7 7 AR L2 OFEIHD R 2 Y 7 Md motor ND move_oriental.py IZH % (2 — FBIH), Z
D2 — Fi& “python3 move_oriental.py [slave address] [Zi7 “Z{"] (-d negative)” & 1T %, slave address D
FRCE)D L72WE— X D address, ZNMOFTNCEID L2 WHEEE (mm, ) 2 A3 Z 2 TRT—IDHNCE <,
¥4 7> a T “dnegative” £ A5 Z & THATICEN (BHER 7 — Y OGERGEIEID (THIEH R 7 —2
W72 DTHERE)). %7z motor ND oriental home.py(2— F BI3) %79 % Z & TITXRTD orientalmotor D A
T—UPERIHE L EAMEICR S, 272 L ZOoROEEZE TH R, FICHEER 7 — I L Tid#n
ZIRSBVENDTH 0 ULOEERR T — Y ZHEMEMNITICH 2/BEICFTL TSIV (HE D EDRVIE
I DN,

import serial

18



import time

class AZD_AD():

def

__init__(self, port=None, bps=115200,

self. _driver = serial.Serial(port, bps,

stopbits=serial.STOPBITS_ONE)

def

def

def

def

def

def

def

def

def

self.size = 64
to2Int (self, x):
# argument: int (>=0, <65536)

# return upper int and lower int

if (x < 0 or x >= 16%%4):

to4Int (self, x):

# argument: int (>= -16%%8/2, < 16%%*8/2)
if (x < -16%*8/2 or x >= 16**8/2):

print ("error: cannot convert

calcCRC(self, command):

t_out=0.01,

timeout=t_out,

"+ str(x) + "

size=64) :

parity=serial.PARITY_EVEN,

into 4 bytes")

# calculate last 2 bytes of command (= CRC-16 error check)

# argument is command without error check (type:

res = OxFFFF

for byte in command:

genCommand (self, slaveAddress,
# generate command

# array of int
res = []
res += [slaveAddress]

genCommand2 (self, slaveAddress,
# generate command (ZHOME)

# array of int
res = []
res += [slaveAddress]

moveRelative (self, dist):
data = [dist]

command = self.genCommand(slaveAddress,
self._driver.write (command)
self._driver.read(self.size)

return command

slaveAddress,

ZHOMEOn (self, slaveAddress):
functinoCode = 0x06

dataStart = 0x007D

data = [0x0010]

command = self.genCommand2(slaveAddress,
self._driver.write (command)
self._driver.read(self.size)

return command

ZHOMEOff (self, slaveAddress):
functinoCode = 0x06

dataStart = 0x007D

data = [0x0000]

command = self.genCommand2(slaveAddress,
self._driver.write (command)
self._driver.read(self.size)

return command

moveToHome (self, slaveAddress):
self .ZHOMEOn (slaveAddress)
time.sleep (5)

self .ZHOMEOff (slaveAddress)

19

functionCode,

functionCode,

10, 0,

functinoCode,

functinoCode,

dataStart,

dataStart,

bytes)

dataNum, data):

data) :

2, data)

dataStart, data)

dataStart, data)



78 def moveRelative(self, slaveAddress, distance):

80 if (slaveAddress==1 or slaveAddress==3):

81 displacement = int(distance * 500/3)
82 elif (slaveAddress==2 or slaveAddress==4):
83 displacement = int(distance * 500)

84 elif (slaveAddress==5):

85 displacement = int(distance * 100)

86

87 functionCode = 0x10

88 dataStart = 0x0058

89 dataNum = 16

91 driveData = 0 # No.

92 driveWay = 2 # 2: relative
93 velocity = 500
94 startRate = 400

95 stopRate = 400
96 electricCurrent = 1000 # >=0, <=1000
97 reflection = 1 # 1: reflect all data

99 data = [driveData, driveWay, displacement, velocity, startRate, stopRate,
electricCurrent, reflection]

100

101 command = self.genCommand(slaveAddress, functionCode, dataStart, dataNum, data)

102 self._driver.write (command)

103 self._driver.read(self.size)

104 return command

105

Listing 3.11: oriental_motor.py

1 from src.oriental_motor import AZD_AD
2 import click

4 @click.command ()
5 @click.argument (’slave_address’)
6 @click.argument (’distance’)

7 @click.option(’--direction’, ’-d’, default=’positive’)

8 def main(slave_address, distance, direction):

9 driver = AZD_AD(port=’/dev/ttyUSB2’)

10 if (direction==’positive’):

11 driver .moveRelative (int (slave_address), float(distance))
12 if (direction==’negative’):

13 driver .moveRelative (int (slave_address), -float(distance))
14 if __nmame__ == ’__main__"’:

15 main ()

Listing 3.12: move_oriental.py

1 from src.oriental_motor import AZD_AD

3 driver = AZD_AD(port=’/dev/ttyUSB2’)
4 driver .moveToHome (1)
5 driver .moveToHome (2)
6 driver .moveToHome (3)
7 driver .moveToHome (4)
8 driver .moveToHome (5)

Listing 3.13: oriental_home.py

3.4.2 MEXE02Y7box7

MEXE02 V7 Y 2 7L TR I ID Y ¥ 27 %2 AAUZbh 3 TL & 5,
7272 L python TOHIEHIDRRICFARICTRNTOE—XZa> b u—LT % Z LI RAfER D LIzvwE—X
2 USB 7 — 7 L2l REND 5,
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https://www.orientalmotor.co.jp/download/manual_search.action?searchPattern=2&gengoId=1&productName=MEXE02

3.4.3 +FSTNa—Fa>y

r—INR7DORFREBIIEPR T — Y DRELEDEEIC LD RS ANDHEEIZHKRS VY THEET 2 2
BB, THEERCE—XDBAFICE->TRI 2, ZOHBEREIRL TVWD KT 4% MEXE02 25A - T\
PCIEHLT 77—ty b 2T 528 THRT 5, 77—2Vty MZBELTIZ MEXE02 OEKEIHE %
SEICLTLEE WV, FERIZIE python T7Z 79— 24V y P TEZ2WVWWTL &S (AILLSH21ET),

3.5 MiniFieldHub

MiniFieldHub O&EJFEA X NIEM[IcH D, BIFEE AN S LRI SIS, D-Egg #HHZ W ZAICET &
X I TERZYTS XS5 CHEERT I2REND D, ZDIELFHE LWV I 21X colton,Max, AKFZAIHE L EWWTL &
5, D-Egg Nk LI U CXHIE N (21) THAT %,
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F£4F BEFIR

4.1 Il\umiﬁ_
Z ZTEX A4 Y OWE (D-Egg Scan) 244 5 £ TOMRMNZ#HAT %,

4.1.1 D-Egg DRiE

FEHD 3 ODE—ZAWMOMIFSENTVEEIFZATIA FTEZ LXK > TWVW5S, D-Egg #RETHIEET
A p L e (B O EEBo 3L Z2h4 5, 20%, B LEDRX T4 FHEEL IO TWAHEE (220) &
RNAL YFZ2HCED AT (KEdD), ZLTEZBIUART A FEES, HLIED-Egg x AL TH %,

D-Egg 38K 2 A\ ETRET %, £3 D-Egg N7 VIZANLD-Egg v b3 370D I WIS -T
WL (BHASALMEIFEL TVWEDTHEL & XW), ZORIEK??OXS12Ro>TWVWS, ZD% D-Egg D 34K
DDV AXY = RA ML =R T —TNEIRIET, 1 ANZD-Egg 2 T25. 5 1 ANZEHlov A v¥—%F
B D-Egg #M2 T XL T AMERDITRNEIICZ-L D-Egg # FALTWL, ZORNREZDETFHT-
DIZHBZREDDEAICRA L =X T —TAPEL TNV KHICTRT 3, HEINIZ D-Egg D N—3 A5 5
ROy RVES KDty b5, ZORRZNL D-Egg 27K IR 5 X515 %, ZOHVA Y=
TUKREeTHLAEVWE S CEET - THEET % (ME3). $72% b L—&F —7/0id MiniFieldHub 72 5
Dr—7Ne Lo hEEiL, A7 =Y T LRVWEMCKET %,

D-Egg ##&iE L7z SR A DR B ISR TV 2 0 EE S 5, [FHRE OAMEE. TRIHEA D R 7 =0
AR (FRED. _ERRIBEA D 27— OBl (B TH B, FRCEHlOEEER 7 -2 — A7 OFlR%E+
NEBT BREND S, ZHUXNIRZEE» STHNTHEE ST 2 LRy, ZHSDMREET L2005, 3Lk
WO, =T 2R Lonh LT 5, ZORFHCT — 7 VEOIAD OZ N T 2 X 5Kz 5,

\Y v-ﬁ\‘j A} '/"ﬁ\"j R 7

X 4.1: D-Egg Z#%E T %7 X 4.2: D-Egg % &% ET % 7% X 4.3: D-Egg &% &K,

4.1.2 USB DOFRTE

LinuxPC 12 USB Z 3 & /dev/ttyUSBO @ & 5 CHRBRICHEFBDOWTEMEIND, T OBFIIEARNHFL 72
EWC & > TIREZ NS, ZDHIE T MiniFieldHub 225 ® USB % ttyUSBO & ttyUSBI1, orientalmotor @ K &
A X225 D USB % ttyUSB2. thorlabs D K A4 225D USB % ttyUSB3 IZERET 2 RENH 5, ZhHB—HL
TVWRWES, EIh T I =I5, L USBICLE LT —HHEZ 5725513 USB 22T = USB ICBf%

Z2BRZANLBLTALIEIHLEBINERD 5,

22



4.1.3 D-Egg DFRTE

D-Egg & MinifieldHub #/r L7 A2 b v 7 TR O ED 2175, D-Egg DFEICIE
e json 7 7 4 LOIERKL
o A4 OHIE

D2OWBH 5B, IFEDLD S NDT colton ICEIWTL XV, ZOBRIDHZEXELTLFE W,

4.1.4 FOfth
I R ELIREE 1
o E=X—H PMT NDEBELEDHIM
e Function Generator DFXE
o I Ra—TFDOHE

THb, E=X—MHPMT 3D % Hamamatsu DEERIRZHEM Y 5, FIINEEIZX 1361V ICT 2 & TPMT D

gain A3 5x10% ¥ 72 %, Function Generator I¥ square pulse 287 L. frequency=500 Hz,offset=2.5 V,amplitude=5 V
12U output KRR V2T, »OLADBH TV & i output KX VD3 Hno TWb, FPmRa—FEHARWIZ ON

WKLAEZEFIRLTEL, MEFRIET2HET—X3F>rR2a—7 LIRRREINATVEHDRDTHLIL

DREED R — VB2 PIE L, IEREBPRRIND XDI2T 2 0EDD 5,

4.2 AIE

HEERDE T TRV OTHHETE 2, 3 D-Egg LD HED % ON IZF 572912, /home/icecube/-
software/degg_measurement /degg_measurement /utils/IZ® % setup_degg.py #FE1T3 %, ffED y or n Z#EDH
% DT y-y-n-n-y DIEFTHET 2, $2EADEII1CHKD, ZIT True i > TWAUIRINTH 5,

R 7 7 A N=ZRE LI T 7 4 N— S 5,

X f21Z.../Workspace/degg_scan/daq_script /DEggScan /N2 % main.py ZE{TT 5, TD7 7 A VZ2FETT
5eMEE D XS IRBEREENRRENS, KIFEER LT 7 A N—2RIRT 2 Z L THEDHImS NS,

main.py ® 32— FONFZEHICHIAT 2270 — FEEKRIZEW® Z ZI2iEED»72 0O T github Z R TIE LW,
I— FA®D nevent 13H 5 TDF ¥ —I ARV TDRE 72> TWS (BIFEIX 3000), r_step X z_step. t_step TH
T—RDRAT v TREFRET 5, TTIHARD—R T — 1% D-Egg DIEIEH0. #HEAMD R T —213 D-Egg
DOETF (E)RED2miFETNAMBEIFERETRELTVWS72D, max DIEEXZEZ 5 Z & THIEHAZEET X
%o FRFTXTOUERHET DR T — I (Bl D5 SREEHEI D TH 2 X S5 ICHEZTT 5. EHNIEE A
THELTH 22, MNIFEAZFRETERVDOTHAIWRE L TH S 90 BREETE D 12 [Bl#i X BHlEE A X — b
X% (measure_scan.py D setup_bottom_devices Talih), H EIF—HHR T =T 2 AT v ST L ICEID L t_step
EfR L —HR 7= Z#EDIRL 360 EIT5, MERFZE—XDFEAMEICES X51CLTH 5, FHANTFT
RLIRDD £EA)

HIE TR & N7z 7 — &1 /home/icecube/data/scanbox/[D-Egg @ ID]/[HIE O /[HF+FEE] /UL TC, €
=ZZH PMT OPIET =X D7 7 4V ([¢ DE].hAB) D3D 2 ref LNV T A NVREF ¥ =TI AR TDT 74V
(charge stamp.hdf5) 23 % sig &\ 5 7 + L RXIHEHE N5,
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4.4: setup_degg.py & F1T L 7oAl SR 4.5: main.py E1T7H2 D ZERHEH,

421 bSTNa—-FTa27
BIR, MR TCE 27— 13 TOEY TH %,
1. setup_degg.py TLZ —MiEI 3,
2. MEH Killed & RS EHIET 35,
3. THIOWE TEEEAR 7 — 2 HIEHE L 722w,

107 —ICE 2 EDH 2, 1 D23y n2TT7—Xvt—IRRRINKT T 255 L HRIZIZ True TR L
False ZERRENZHBATH %, HiEIIEANNC USB OFFTIHOMETH 5, ZD7DH{HID USB DRE % FEIT
FAUIIER T %, 21X MiniFieldHub O&EFRZ ANRE U THETT 3 RT3 Z 2w, Hidbr» 572
WHYT o & False YRR E 5551 colton IZHI K & KW,

WIMEN LT ELZLICE B XEVAREBTEZ 5, Z4UX measure_scan.py @D dataframe Z1E-> TWA{HET
EZoTW5 (a— F ), fHEICHERT 2121 main.py WO nevent D2 IR & IV, 7272 2 DIT2IE T —
ZEEBWO L TWBEITHYHED LBV, EFL measurescan.py DHFEZHE L TUEEZEL T 205
WH 5,

33, HEIZbroTWARYL, TOLI =R > TORWEEIX FHID Scan % 3&R% “Moving
now ...(")..7 £S5 DA 20 [IIE ¥R EALE — XA 90 FERIEEEI D TREIZ, “Moving now ...("_)..” A —ED &
C position DA 0 1272 > TWALEAEII LT —TH 3, TDLHE—E ctrld-c THEIT L 1EH, motor_thorlabs.py %
S5ESOLVWOAETHEITT S, ZOBRES main.py #FETT 2 LES I 2HZW, HEZO2 S0,

def measure_degg_charge_stamp (degg, nevents=100, event_num=0, r_point=0, t_point=0,
data_dir=’’):
infoval = []
num_retry = 0
retry = True
while retry == True:
try:
block = degg.session.DEggReadChargeBlock (10, 15, 14*nevents, timeout=200)
channels = list(block.keys())
for channel in channels:
charges = [(rec.charge * 1el12) for rec in block[channel] if not rec.flags]
timestamps = [(rec.timeStamp) for rec in block[channel] if not rec.flags]
for ts, q in zip(timestamps, charges):
info = infoContainer(ts, q, channel, event_num, r_point, t_point)
try:
infoval.append([ts, q, channel, event_num, r_point, t_point])
except:
continue
degg.addInfo (info, channel)
##4# T ONATEINTVAKilled #######HHHHHAABRABBAHBAH BB BB B RBBRABRS
try:
dfs = pd.read_hdf (f’{data_dir}/charge_stamp.hdf5’)
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df = pd.DataFrame(data=infoval, columns=["timestamp", "charge", "channel",
"event_num", "r_point", "t_point"])
df _total = pd.concat([dfs, df])
except:
df _total = pd.DataFrame(data=infoval, columns=["timestamp", "charge", "
channel", "event_num", "r_point", "t_point"])
df _total.to_hdf (f’{data_dir}/charge_stamp.hdf5’, key=’df’)
retry = False

HHRAAHH AR AR BARHRAARHBASHBARHH AR A BB A RHH R AR HBHS

except:
print (f ’no measure {r_point}: {t_point} - retry {num_retryl}’)
retry = True

num_retry += 1

if num_retry > 5:
info = infoContainer (-1, -1, -1, -1, r_point, t_point)
infoval.append ([-1, -1, -1, -1, r_point, t_point])
degg.addInfo (info, -1)

try:
dfs = pd.read_hdf (f’{data_dir}/charge_stamp.hdf5’)
df = pd.DataFrame (data=infoval, columns=["timestamp", "charge", "
channel", "event_num", "r_point", "t_point"])
df _total = pd.concat([dfs, df])
except:
df _total = pd.DataFrame (data=infoval, columns=["timestamp", "charge",

"channel", "event_num", "r_point", "t_point"])
df _total.to_hdf (f’{data_dir}/charge_stamp.hdf5’, key=’df’)
retry = False

Listing 4.1: measure_scan.py

4.3 T—HEN

TARAZ by T TT =R Da— R2EITT 2 B8P PCOH TV —XT 5HEZNZ S FE LD THIE grappa

bTTF =& 21T 5 T2 — Fid grappa L@ /home/yuya_takemasa/degg_scan/degg_scan/analysis/deggscan_main.py

TH >, scp Tgrappall7—4&7 4 L2 + VU (/home/icecube/data/scanbox/[D-Egg @ ID|/[HIIE O] /| HS -+
5]) & at’— L “python3 deggscan_main.py [data_dir]” ZFE(TF %, datadiriClFat’—Lz74 L2 FY (../[H
T+%=])) ZIEET %, § % ¥ /home/yuya_takemasa/fig/[D-Egg @ ID]/[HIE O] /[H+HFE] LITIcE=
& —H PMT THIE X7z LD OEEOZE(E/RT 7T 7 (KED), FRTOF ¥ —IYDL A 7T 4 (KED)., 8
WZEEDOL — b~y T2MELNS (KER),

b-r scan: relative sensitivity heatmap
Reference PMT charge phi=348.0:r=80.0 charge distribution
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X 4.6: E=XFH PMT TO LD HE K 4.7: 25 TOF¥x—I DL X+
. o P - XY 7 R —
0)§§{K%Eﬂil/ft£7t7f7o fff}lao !l 4.8: *Hjﬁﬁqcﬁﬁﬁﬂj EFODE: b~

v 7o
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4.31 FSTN>a—Fa>4

F¥—DERAMNTITAENTIAT 49 TR 72FIFGRXA—RIZT PRI S, PR Z3EHALTY
WHIR ST X — X OPIMEZ BEYNCIRE T 2 K570 F LT L7IE S W0,
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