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~ Research and development of an interaction-region beam profile

monitor for the international linear collider ~
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gopbooboobboobooboobbobobooboob2bU0o0obOoobooboOoDe
goobodoobobooobooobboobboobboobbUoobboobobboobbo
ggoboboo2btbggobboooobbuooob bbb booobbuooobnbo
goboobouoboobooboobooboobooboooooLovVIXooobooooboooo
goo

(a) 0000 x50 () 0000000 x30
0 2.13: 0000000000



020 000000000000
12 (ILC; International Linear Collider)

2.3.1.2 JOOOOOOOO (Silicon Tracker)

000000000000 oooo (VIX)Dooooooo (TpC) 0000000 OOOO
0000000000000 0000000000DOO0OO0O0D0UUDOD (ECAL)ODOOOD
O000o00o0000ooo0o0o0ooooooO0O (0 214)0VIXO TPCOOOOODOOD
00000000 SIT (Silicon Internal Tracker)J DO O0O00O000O0O FTD (Forward Tracking
Detector) OOOUOECALOOODUOOOODOOOOOOOOODODOOOOOOOOO SET (Silicon
External Tracker)J 000000000 ETD (End cap Tracking Detector) 0 00 O

Adjustable support of VXD supported by Beampipe supported by cables
ISS on TPC endflange beam tube from support structure

VXD+FTD

(—
e o

— 1 ! -t

Inner Support Structure yTxX SIT Cables/services
. (both sides) (ISS)

Bellows

0 214: 00000000000O0OO

2.3.1.3 000000 (Time Projection Chamber)

000ooOo(TeC)0000O00C0DOO030000000ODO0O0OODOOOOOOOOOOTPC
gbobooboboooboobobobobobooboobobobooooboboooobobon
gobooboooobobooooobobooogbobooooboboooobobbobo
gooboooooooobooobbooobooboboExBOOOOOOOOOoooOoOOoOoDO
O0000000ODOCOO0O00OoTPCOOCOOOU0ODDOOOOODODOQCO micro-pattern
gas detector(MPGD) 0 0000000000000 O0OOO0OODOOOOOOOODOOOOO
ooooboMpPGDOOOODOOOOOODOODOODOO3OOUOODOOOOODODDOOOO
TpCOOOOOOOOODOTPCOOODOODOOOOOOODOOODOODOOODOOOOO
OO0TPCOOUOOOOUOOOODOOOUD dE/dxO00O0O0OO0OOOOOOOODOOOOOO
ooobDoooooobooooTpPC OO

o(1/p) <9 x1075(GeV/c)™! (2.5)

O000000005% 000 dE/dx0D0O00O0O0O0OOODODO
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Drift of ionization electrons

beam axis

Micropattern
gas amplifiers

0 2.15: 0000000000

2.3.2 00OO0OO0O0O (Calorimeter)

ILCO000DooOod0ooooo0ooooo0ooOb00oooDoooooooooOoogo
gooobooogooboobobozobowgoboboooooooobobobooooobooo
go0obooOoOooOOoOobOoILCcogboo0ooobo0ooOooboOU00oDODo booboOoooo

2000000000
30%

Ejet(GGV)

0000000000000 000000000000000000ILC O000 PFA (Particle
flow algorithm) 00000000000 0OPFADOOOOOOOOOODOOODOOOOOOODO
gboboboobooboobobobooobobobbooooboboooboboboon
gboboobboobobooobooobooobobooboboooboboobboobboon
0000000000000 0DO0O000O000OPFADOODOODOOOODOODOOODOO
gobooobooooIiLbdooboooobooooobooobooboobooboooooboboDbo
gboboobboooboboobboooboooboboooboboobboobboobboon
googobooboobooobooboobboobooboobbooboobboobo

(2.6)

UEjet

2.3.2.1 00000000 (ECAL)

000000000 (ECAL) 000000000000 OOODODOO0O0OODODODOOOODOOO
00000000000000000 Morilere 00'000000000000O0O0O0O0OOOO
ooooooooogobobgono

190 % 00000000000 000 Moliere 000000 OODOODOOOODOODOOO
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14 (ILC; International Linear Collider)

2.3.2.2 0J0000OOOOOOO (HCAL)

gooobooobooboobbobboobooobooboobooboobooboboobooDboo
ooopooooooOoODODOOOOOOOOOOOOOO0OO0OOOOOOODOOOPFADCODOO
O0O0O0O0OO0OOHCALDO ECALOOOODOOOO0ODODOOOOODOOOOOOOOODODOOOO
0 (Fe) UOOODODDOOUOO0OODDODOOUOOODDOOOUOOOD DODOOOODO

2.3.3 00000 (Forward Detector)

000000000000000000000000000000000 (021600000
0000000000000000000000000000000000000000000
0000000 LumiCal, BeamCal, 0 000000000000 LumiCal, BeamCal, 0000
000000000000 00O00HCALOODOOOOOOOOOOO0 LHCaAlOODOODOOO
0000000 GamCal 000000000000 O000O000O000O000O000O

0 2.16: 00000

2.3.3.1 LumiCal

LumiCal 000 0000000000000 0O0OODOO0O0OOOOOOO (02170000
000L000000c000000D000O0O (efe” —ete)0000O0ODOOODOOODODOO

goooooooooo
L::thabha
g

O000ONpwh, 0000000000000 0OO0O0OOOOOOOOOOOOO01% 000000
oooooooooOooooooooDoOoCOO0o00ooDoDOCOO0O00OooO0o0DOD LumiCal
O0000ooOoODoOOoOCOOO0O0ODOOCOOO0000UoOoboDLuwmiCal0DODOOCODOOOOOO

(2.7)
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O00OOo00DOO00D0OO0O0OLuwmiCal DOOODOOOODOOODOOOOOOODOOODDOO
gobooboO0 32~Mmrad JOOOO0D0OO0OO00OOO

O 2.17: LumiCal DO OO

2.3.3.2 BeamCal

BeamCal OOOO0ODOOOOODOOODOOODOOOOOODOOODOOODOOOOD
O00oo0ooooO0Oo (D 2®)ooOOoOoooOoooOooooOooooooooooooooo
(000000000)0 BeamCal 0O 0OO0O0OBeamCal 00000000 0OO0OOOOOODO
O00OO00O00DOO0OO00DOO0Oob0O0OOODOOOO0ODOOBeamCal OOOOOOOOOO
gooboooboboooobobobobuoobooos~40mrad DO OO ODODODODOODOODO
000000000 MGy/year 00000000000 00O0O0O0O0OOOOOOOOOOOO
gogood

O 2.18: BeamCal OO OO
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16 (ILC; International Linear Collider)

23.3.3 00000

gboboo ooooobogoboboboooboooobobobooooooboboboboono
gbobooboboooboboooboooboooboboooboboobboobbooboobooon
O0o00o0o0o0ooooooo 30)ooOooo

23.3.4 000

gboboooboobooboobgooboooboboobooooboooboboooobobboDbo
O0O00DOOO000DOO0O00b0O03GevOOOOOOOOOOoOoooOOOoOoDOOODOO
gobooobodobooboooobooboobooobobob bbb oOobboooogD
googboooooooboboboboooboboboooboboooooobobobon
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[LCO0000000000000000O0000O0O00 (03.)DODODDooooDoUooOoo
gbooboboboobooboooooboboboboobooooobobobobooooboDn
000 00 Aj0DQ0ILCOO0000O0O0OODO0O0U0DOOOOO0DO0DOOOODUODOOOODOO
O0o00000O00o0O00Oo0o00o0oooO0o00O0o0oOO0oO0oUoO0OO 2bo0ooooo
goooogoobooboboooooooobobob booobobobobobooboooboboob
go0ooOoO0ooO0oOooO0oO0oO0oO0bDOoO0bDOoOobOOoOobDOoOobDOoOoDILCObOOOObOOnDOd
go0bOOoO00bOOoO00ooOoOoOo I Ccodooodobo0ooooOoobooobooooooo
goboobooooobooboobooooboobooobooooooboobobobooobobooobon
goobooIlLcoobooooooooooooooooooobbo0oobDoOooDoOoOoDon
000000000000000000000000000'0000000000000000
gboobobobobobooooobobobobooboooobooboboboboobooboon
gbooboboobooboboboobooboboboboboobooboobobooboobon

goooolLCcOoO0oOooO0oooodooOoOOooooooo0oooo0mbooooooo
goooooooooooogoobon

00 3.1: 00000000000000000
Oy oy 0
ILC 639 nm  5.7nm 300 pm
LHC | 16.7 yum 16.7 ym 7.55 cm
SLC 1.65 ym  1.65 ym 500 pm
KEKB | O 77 pm 1.9 pm 4 mm
LEP 250 pm 10 pm 2 cm

3.1 ILCOO000oooooooooono

ILcoogboi1goooooooooooooooooo0oobooooDoobboooooD
go0obooOoooOooooOooboboOoooooco

2
i frepnbN %
dr ooy

Hp (3.1)

000000000000 00000000D0000000000000000000000000000000
gobooooooboooooooo
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00000 [10j00000f, 0000000000000000O0R, 00000000000
O0O0ONOODODODUODODDODODOD0ODODHpODODODDOODODODODO (DOOODOODDDODDOOO
0oo0oo0oo0o0O0oo0O0o0O0oo0o0o0o0O0o00o00o00) 06, 000000000000000O
gboboobbuoooboooboooobooobooooboooooobooobobooboboon
goboobboooboooboobboobobooobooobboobboobbooon
gbbodbbuoobboobboobbuooobboobboobboobboobboon
gbobooobooboooboooobboooboboooobooobooooboobooooboboon
gboooooooooooobooobooboboboboboobobobobobobobobob

3.1.1 00O0oooooon

gobobooobooobbooobboobbuoobbooboboooboooboobooobog
gbobboooobobooooboooobbooboboooboobooobobooooboooooboboon
gbobobobobooboooooboboboboobooboobobobobooooboD

00000 Y200000 [11)0
2hw,

3E
000w ODODOOOOOOODOLOOODODODOOEOODODOOOODODOODOOO
gobogoboobooboobbooboobboobboon

T= (3.2)

5 Nrgv

Toye ~ ————
6o (oy +oy)

(3.3)
0000000 «c OOO0O0O000r, DO0OO0OO0OOOONOOOOOOOOOOOOOOOOO
ooooooooOoo0o0oooooooooooooooooooooooo1o0o0b0ob00000
O000000n, 00000000000000 60O

a0 Y ave 1
~ 2. 4
" 59{ Ay ] (1 + Y232 (34
1
(T 1 .
S (Tave < 1) (3.5)
Sy = <_AE> ~1.20 [MZT‘”G] Tave ! 5 (3.6)
E Aey [1+ (15T ave)?/3]
1
x o (Tae < 1) (3.7)

o.(0z +0y)

00030000 A0000000000000000 (3.7)0000000000000000
goboobbdoobobooobooobooobboobbooobuoobobooobooon
gbbodobboobboobbuooobuooobboooboboobbooboboooobooan
gboooboobooboboobuoobooonoog
000000000000000000000000000000000SLC 0000000000 Yaye ~ 0.040

ILCOOO0D0000000 Yaye ~ 0.048 000 [5][11]0
MLCOD0000000000n,=1.32065=0.024000000 [5]0
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gbboooobobooboobooboobooobouoboooboooboobooobooobboboo
000000000D0D000000 (oyx0y=const.) 00 00000000000O0 (R=04/0y)
gboogboan

VR

R

00000000000000000000000000000000000000000000
00000000000000000000000ILCO000000000000000000
00000 (R~112)0

3.1.2 000000000

gboboooboobobobooooboboboooooooboboboooobono
0000000000000 00o0oOo0oU0ooO00oO0o0oUoOo0oUooooooOO (o 3.1)o
gbobobuoobobodbuoobobobuooboobobuobobobooboobobon
gbobodobboobobooooboooboboobbooboboobboooboooobooon
0000000000000 00DO0o0DOOoOooOoILCODO00ODOO0O0ODOOoOOoOoOooOooog
gbbodgbbuoobbuoooboooboboobbooboboobbooboboobboon
go0oOoOoO0oboOobooOoboboO00ooOOooDOoOobDoOObobOOobOOoO0ooOOooDoOoDooILCOd
googooboobooboboobooboooboobboobobooboobboon

(a) Breit-Wheeler 00 O (b) Bethe-Heitler O O (c) Landau-Lifshitz O O
(vy —ete) (eyy — eFeter) (eeyy — eTeeter)

0 3.1:0000000O0oooooo

3.2 U0OOOOOOOoon

gogbobgobbuoobobooobbuoobooobboobbuoobbuoobbbooobog
gbobooboboobobooboboooboobobooooooooboooooobooooboboon
00000000000000o0oOOo0o0oUoO0ooo0oOo0 (03200000 oUoooo
gboobgboobooboobobooboboboboobuoobobooobuooooobon
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//9/
7\\,//;%
—
B i et bunch
E

0 32 00000000000000000 2I000000000000000 (0000 et)000O
0000000000000 000000000 (D000 e )00DO0OOOODDOOODDOOOODOODO

gbobodobbooboboooboooobobooobobooboboobobooonbooboboon
gbogoobooboobobooobuooboobobooboobboon

000000000O0O0O000000O0O0O000 (DO00)ODoDOoDoooOooOOooDoOoooDoOo
gboboobboobooboooboooboboobboobbooobooo 20000000
00o0000000000000000000000000000000D0 E, 0000000
00000 E, 000 B, 00O

E, =+E|, B, =-6E| (3.10)

O0oO0oboO0oO0pOO00DbOOO0ODOO0ODOO0ODOOOOOOOODOOOOOOOOn e
o0, 00000000 FD

F:e(EJ_—i-Be XBJ_) (3.11)
0oooooo 8= (0,048),8. =(00,+3) 0000000000000

IBeXBJ_ = ﬂex(_BXEJ—)
= £(BB:Es, BBEy,0)
_ 18BE, (3.12)

000000000000000
F =e(1+38,)E, (3.13)

oobbp~p~1000000000DO0OO0ODOOOOOOODOOOODOODODOODOOO
gbobooobooobbooobooooobooooboooobooooboooooboboon
gbooboboboboobooooobobobobooboboooboobobobobooooboDn
gbggboobobobobboboobobbobobobobobobbobooboobooon
gboboboboooobobooboooooboobobuobbamibooooobobOobDOn
gboboboboobooooboobobooboboooooooboboboboooboboD
gboooobodan
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3.3 Uoboooougno
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0000000 10em 000000000000 0OOO0OOO (D0 10ecm)000000O0O0OO
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gbbooobobuooobbooobbooobbooobbooobbuooobboaooobooo
goboooboboooboooobooooboooooooboooooboobooboboOoobon 400
pmx400 pmO0 00000000 200pm OOOODOO0OOO0O
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P

NFEZY
(BFE—LBIE)

NFPE=Y
(BEFE—LAIE)

U 33 000000000

3.4 UOU0O0OOO
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e JIODDO0ODOODDOODDOODLOODDOODLOODDOODOODDOODO
e IO DOOO0ODOODLOOODDOUOODLOODDOODLOODLDOODn
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4.1 0OU

0000000000 (320)0000000000000O0O0OOUOOOUOOOOOOOO
gbobodobboobbooobooobbooobboobboobboobboobboon
gboboobboobbooobooobooobooobooobboobboobboon
gbobobgoobooobobobbooboboobobooboooooboboobboobobooon
gbbodobboobboobboobboobboooboooboboobbooboboon
000000000000 (o, 0y) 00000000 O0OOO (6y) DO0OODDOODOOODOOO
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O0o000000o000o0000000000000¢, 00000000000000000
goooooooooon

OO0O0DO0O00D0O0O00D0O0O000O0000O00b0CO0 10000 BeamCalOODOOOODDO
0000000000 00DO0O000O0O00000O0O00DO0O0000BeamCalDOOOOOO
gbooboboobooboboobo2b00b0b00bobooboboooooboboooobon
gboboobboobobooboboooboooboboobobooboboonobooooboboon
O0000000BeamCal 0000000 OOOOOOODDOOODOOOOODOOOODDOO
gbboobobooboaobbooboabod

4.2 UO0O00OO0O0OOO0OO0OOCOO

O00000oO0oO0000DooO0O0000ooDoOoO000O0DOOCAIN O Jupiter 0 20
gooooooooooooooon

CAIN
CAINOOOOODOOOOOOOOOOOOOOOOOOOOObOOOobOOO0OoOOooDoOo
000 [(B000000000000000000L0O00UOO0O0DULODOoOOUOLOoOO
0000000 cCAINOO0OOOOOooooooooooooooooooooo

Jupiter

Jupiter(JLC Unified Particle Interaction and Tracking EmuratoR) O Geant4 00 000 00O
gbobogoobobooobboooobbooobbooobooobooobooobbooon
(12000000 Jupiter 0O OOCAINOOOOOOODODOOOOOOOOOOOODODOOOO
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gooboooboobobobgoooboooboboooooooooobobobobDooboon
gobobooboooooobooobooobooboooboooboooooboobooboobo
gbo410000
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0 41: 00000000000O000O00OOO0OODOOOsS000000
0000000000000 000O0 (00 1.8emI0UDOODOOOODOOOOOOD (OO 1.0 cm)O
O00o000o0o0oooooOoUooooUooooUo (R UOODOODDOODOODOODOOOOOODO
ooogd

4.3 U0O0O0O0OOOOooObboOoood

gooooooooooo Icoogooooooobob 4100000000000 O0ODOO
O0b000 4dmrad OOO0DOOOO0ODOOOODOOODOOODOODOOOODOOOODOOO
goboboobboobobooobooobobooobboobboobboooboooboo
gboboboboboboboboboboob

goooboboogobo42rsem 0000000 0ODODOOOOODOOODOODOOODOODOO
0000000000000 (CH: Mask)DO OO BeamCal DO0OOOOOO (O 4.2)0

4.3.1 00O

0000000000000 (3.5T)00000x000 anti-DID(Detector Integrated Dipole)
O0boobOobobodfDanti-DID D00 0O0OODOOOOOOOOOO0OOOODOOOOOODOO
0000000000000 0O000O0UOo00oD p)Do00b00O00D0O0OU0O0oUOOOn
goddddddddddddddd0UUUUUUD DD DD
000D0000D0anti-DID 00000000 OO0OOOOO TPCOOODOODOODOODODOO
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d41.ILCcOoooogooog

gooooo o0
ooooooaon 500 GeV
ogoooad 14 mrad
oooooog 3.5 T
100000000 2 x1010
100o0o00ooooo 2625
ooooo 369 ns
oobDooooooooon 5 Hz
000000000 (yes,vey) O (10,0.04)  mm - mrad
00000 (B, 8y) 0 0 (20, 0.4) mm
000000 (0g,0y) (639, 5.7) nm
good 300 Q4 m

t 4

() 0000000 () 0000000000
0 42: 0000000000
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0 42: 0000000000000 BeamCalO SiO WOOOOOOODOOOOOOOOOOOOOO

oooboooood
|00D0200 (00)[em] |000D000 [em] | 00 [D000 [em]

ooooo 427.5 0.5 Si 0.02
: 03 (10
BeamCal 430 20 @Ds3n) | O | 00300)
W | 035(10)
CH, Mask 400 25 CH, 25

gob0dbo0oUbbanti-DID 000000000 ODODOOOOOOODODODOODOODOD
gbooboaoboboood

GLD solenoid field

GLD solenoid field with anti-DID

S

ROml

Zjm|

Zim]

(a) anti-DID + 0000000 () 000000000

0 43: 00000000anti-DID 0000000000 OO0COOO0OOOOOOOOOOOOODOOO
ooo

4.4 0OO0O0O0OOOOOOO

ggbobodoboodobboobobuoobbuoobboooboobbuooobobooobog
0000000 m 000000000000 00ODO0000O0O0O00OD 4000”0000
000000000 (o1,02,03) = (0y,04,0,) 000000000000 O00D0O00OOOOODO

0 (o9,00,6)) 000000000000000000O0

Ami = mi(O'l,O'Q,O'?)) —mi(U?,UgaUg)
Om. 0?m;
a123a‘7 asT2,3 G103 2 " Boadop a0y
0?m;
= Z Z Aaﬂaaoﬁog A 4

a=1,2,3 5 1,2,3
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000 Am; = mi(o1,09,03) — mi(0?,09,09), Aoy, =0, — 02 00000000000000
00
A= [A1+ AGT - Ay + -] - AG (4.2)

00000000Am = (Amy,---,Amy), AG = (Aci, Aoy, Acy), A, 00000000 100
0000O0nRx30000A4,02000000000000000000000000 4,00
000000000000 0000A00000000000000O0O0

AG=[A+AFT Ayt A (4.3)

gooooooooooooboOoooooobbooobo0ogoo ¢+ oooobooOooooo
O0000000000000mxn0O0BOOOOOnxmOOOOO0O BT O

B+zz(BTB)_lBT (4.4)
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