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(“7x7 x7 m?3)

TOP detector

“4 . * Luminosity upgrade of the KEK B-
“Eoa factory
- L~8x103%> cm2s1 (x40) (BG: x20)
- JLdt ~50 ab (x50)
- Feb. 2016: Accel. commissioning started.
. - Fall 2018: Physics run will start.
228 N + Various physics programs

a8 - CP asymmetry, rare decays, exotic particles,
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TOP (Time of Propagation) detector

240(-=2607) 2370(-=23507) 370
ECL \J/ 1560 Focusmg

780(-=7607)

ECL | | ____ ~EcL  Photodetectors m/rror
g2 | 112 cm 4%
TN 12m foli83 # |
S8 | £1\ swo : rrl’:'xn(z layers) & iR Synthetic fusd silica ("Quartz”)
§§ -*| t sto | s70 i - = L: 2700 mm x W: 450 mm x T: 20-51 mm
‘ Nev 8,=1/n8 [ 8 K
ew type of partlcle |dent|f|cat|ocm>5 =1/n6 [ 6
(PID) device N T
— High PID performance |
NP | TOF - TOP
» EX.) £,~99%, f,~1% in B—py
_ - ATOF + ATOP = Vo? +02_
Low material budget 5= i VN Oror \/oopt+ o’
> Less disturbance for ECL. or-
o _ S :separation power
- Ope_ratlve in the high-background N, # of detected photons [20-30 photons]
environment. O, Chromatic dispersion (> ~50 ps)

— May 2016: installation completed. Opp: time resolution [(~50 ps) < 100 ps]
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Module structure (1)

2700 mm N
((\ A Optical glue
«,‘9 oS v v
'\/
R=6500
51 + @ bf" mm
0.1mm" <> 1250 £0.5mm 100 +0.15 mm
PMTs + front- 100 +0.1/-0.25 mm
end elec. “Prism” “Bars” “Mirror”
(image expansion) (radiator/propagator) (focusing)
“Quartz Bar Box (QBB)” = =Applied load: 67.2 kg/module=szyte
E;ji‘w% =53 kg (quartz) + 14.2 kg (QBB)

R5Y: 0
DMK =, 981E-04
SMN - .974E-04

: FWd end SMX =.375E-06
_plate

Honeycomb panel

(outer) Integrated

16 module

Heat
exchanger

19%
()

X751
~ BALN &
Max. sag O 1 mm 0.10mm

~"Side ralil

Honeycomb panel

o e (inner)
B Prism
enclosure
Requirement: module sag < 0.5 mm 4 | _
- To securely support the optics, QBB + support structure

_ TO'fEKimize the detector performan@g2016 Bled, slovenia (Strong Back”)




Module structure (2)

* Round-shape Honeycomb panels

—To improve the rigidities utilizing the available space
maximally.

Square-shape
I o0 op M Square-A /,’i
¢ Square-B z
A Round-th ,*"‘
® Round-TH] =<
‘ B X6
Round-shape T,
' P XD2.7 -
00 o o 0o ' —,"
o O o o Q0 o £ —_ J"Q
ST VL
T T

0 1000 2000 3000 4000 5000

. Load [g]
3 QBB | Weight eas iqidity -
L D,eas = WL3/(486)

1.90x10°

Square

x 2.8 w: concentrated load
Round 22 5.36x10° L: two-point support
distance

6: max. sag
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Assembly and installation schedule

2015.03 2016.02 2016.04 2016.05
< O 9 9

Year/Month | 2015/03 | 2015/04 | 2015/05 | 2015/06 | 2015/07 | 2015/08 | 2015/08 ] 2015/10 | 2015/11 | 2015/12 ] 2016/01 | 2016/02 | 2016/03 | 2016/04 ]| 2016/05 | Year/Month
Week ABDE  BEHECNBE0IBE0EN BB ENAERNEE 0HE 11213]401]12]3]a0112]3]4]501]2(3 4Mz2]3] 4] Week

Modulel?2
Module03 | Module03
Maduleld Maduleld
Modulel5 Modulels
ModulelE ModulelE
Madulel7 Madulel7
Madulels MadulelB
Moduleld Moduleld
Module1D I Module10
Maodulel1 Maodule11
Module12 Module12
Module1d Module13
Module14 Module14
Module15 workshops) Module15
Module16 Module16
Modulel7 Modulel7

Week 123412345!2341234123451.34123.51234123‘123!12341234123451234 2[3]4]  Week
Year/Month | 2015/03 | _2015/04 | 2015/05 | 2015/06 | _2015/07 ] 2015/08 | 2015/09 | 2015/10 | 2015/11 | _2015/12 | 2016/01 | 2016/02 | 2016/03 | 2016/04 | 2016/05 | Year/Month

« 2015.03: Started module assembly.
— About 3 weeks/module for optics and mechanics assembly.
— Additional one week for N, leak check and repair.
—PMTs and FEE were integrated in later stage intensively.

* 2016.02: 1st module installation.

« 2016.04: Completed module assembly, and started
continuous module installation (~2 modules/day).

»2016.05: Completed moduie-nstallation. 6



Module assembly (1)

* Assembly flow

wwwww

Y

QBB: strong back flattening,
button & enclosure gluing.

y

/// & :

Put on a cart. PMT and front- QBB assembly and gas sealing. Move optics to QBB using the

end integration, performance RICH2016, Bled, Slovenia “lifting jig”. 7
check.




Module assembly (2)

 Optics: alignment, gluing.
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Module assembly (3)

« QBB: support button alignment.

Module crosssection

¥ Quartz

2mm [

PEEK buttons
14 per panel,
5 per side.

Silicon glue
Button gluing jig

e

Shims

Vacuum
pump

ABH [mm]

—

[mm

Std. dev. of ABH

Std. dev. of ABH [mm)]

0.04
0.02
0.00
0.02
0.04

0.04

o
o
@

0.02
0.01
0.00

0.04
0.03
0.02
0.01
0.00

RICH2016, Bled, Slovenia

Button height displacement (M06, outer)

ABH = achieved — target

=o—-ABH

==+ABH

Button # [a.u.]

Outer panel buttons

=o—+x side
=i=-x side

ALR

0 2 4 6 8 10 12 14 16 18

Module # [a.u.]

Inner panel buttons

= +X side

== -X side
ALR

0 2 4 6 8 10 12 14 16 18

Module # [a.u.]

0 (ABH) < 0.02 mm



Module assembly (4)

* PMTs and FEE: optical and electrical contacting.

—Using silicone cookies and pogo pins.

Pogo-:pins A CCD iew of th tact
] 1 Optlcal CcCD ; camera |eW (0] e contacts

cookies cameras

/

Prism N *)é‘

LEDs Calibration
fibers
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Module transportation
* From the assembly site to the

. = Tsukuba

)
y MIN}

Installation site.

—Using a transportation pallet, crane and truck
(~1.5 km @ ~5 km/h).

— Gently done for all modules.

Temp. (T), Humidity (H) and Acceleration (G) in
the MO1 transportation.

120 Outdoor T 16.7 — 23.1°C 24°C
TU.UW 20°C

1 20 - 229 e
% 60 - H: ) T L 24%
1 e 16%
o, 02 Gx (0+0.2/-0.1) G a
c 0 Il om0
2 0o | ]' Gy: (0 +0.3/-0.2) G
o . -04
L 0.4 0
18 0.6 Crane Truck Crane
&"0'8 —> —> < >
14

-1.0 : ‘Illh{ll | } 0

1.2 Gz: (-1 +0.2/-0.2) G

18 -a2
14:20 14:40 15:00 15:20 15:40 16:00 16:20 CEl

EE

Time [hh:mm)]
RICH2016, Bled, Slovenia 11
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(Max. sag: ~0.4 mm)

Relative height [mm]
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Challenges of the installation
* Managing the guide pipe elasticity.

Nikko Steel: 125 x 125 x 8000, t= 3.2 (W= 96 kg) Oho
8000
. 2870 H -
i¢ 3

y Max. sag: 3.7 mm
1350 i i (calc.)

* Tight clearance




Module installation
e Feb. 10:; 1st module Installation

2016/09/09 RICH2016, Bled; SIG8enia. s 2>




Module joining and SB removal

z-beam (Al, 3 mmt x 2650 mm) ° May 12: Joined all modules.

Strong Back bolts (M4x10)

* May 13: Started SB removal. » May 20:

= ,}, TR RS e - e —_
|4 .
N \ ) A

2016/09/09



Module deflection monitors

* On—module monitors Portable “pipe gauge”

e

pipe gauge”

=y

Fixed “
G v

Strain gauges

2016/09/09 RICH2016, Bled, Slovenia



Deflection measurements (1)

* During the installation
— Strain gauge

0.5
—0.4 TQuad. 1l
€03 —
égi | =l=ysiot0s o #sloto1l
g .[) — weitslot06 % e gslot02
E’O' 1 =gmcot07 O sseniic|0t03
Sz :
. == slot08 #slotDa
304 =
0.5 3
0 2 4 6 8 10 12 14 16 Act No. 0 2 4 6 8 10 12 14 16 Act No.
0.5 0.5
—~0.4 Quad. Il — 04 "Quad. IV
EO3 E 03
£0.2 N £ 02 —% o
=01 0t09 = 01 - ﬂ_ it 0t13
o 0 - | == #slotl0 o 0 - ,**'. Iﬁ | w—iislot14
0.1 o 5 01 o
§0 5 h_‘_ mfmis| o111 g 02 —p—t5|0t15
1  Before joining the sliders. %03 “Eewslotiz G503 #slot16
'0-04 - -04
2,3 Joined the sliders; lifted up. 0.5 -0.5
0 2 4 6 8 10 12 14 16 Act No. 0 2 4 6 8 10 12 14 16 Act No.
4  Set the weights. .
» —Portable pipe gauge — Target deflection
5 Rotated to the top position. 0.5
6-8 Lo 04 1816,Quad. 1,505,506 — —*—s6m 0.0 % '
= Rotated to the slot position. g 0.3 sos. M E -0.1
L £ 02 = £ 02
9  Slidinthe barrel. = 0.1 =#=3504_M = -0.3
' —— -0.4
1011 'nstalledinto the slot; -% 82 i S03_M 5 -0.5
’ tightened the flange bolts. 2 55 #=S02 M < 06
5 X -0-501.M 9 -0.7
12 Removed the weights. a :82 ——sl6 M & -88
13 Removed the slider bolts. -0.5 & 10

2016/09/09 0 2 LBIC@;IZngiquQ 1@vEgia 17
14,15 Removed the L-fixtures. Action # [a.u.] 0 109-0positior%?rcr)1om] 3000



AR [mm]

Deflection measurements (2)

* During the SB removal
—Portable pipe gauge

Rel. position variation vs slot #

0.30
3
£ 0.20
= i — [ — I (NE I ———
2 010 - o—Act3_F
©
E == Act3_M
> 000 T T
< = Act3_J
£ -0.10 —=Act3_B
]
2 .0.20
K Quad. | Quad. Il Quad. Il Quad. IV
-0.30
0 2 4 6 SiotS [a.u] X 12 14 16
—Fixed pipe gauge
pipe gaug oo -~
0.3 Before correction —B-1G90°M 0.30 After correction ~-1G90°M
' ~4—90°B ' —4—90°B
0.2 0.20 S06.S08  SO3 QO'II 91'§| Sl3l S11 S12
0.1 — 0.10
0000000 9000000000 E
0 = E 0.00
o
-0.1 < .0.10
0.2 0-20 5p5507(504 S02 | S16 | S14  [S09 S10
0.3 -0.30 : : :
20 30 40 50 60 20 30 40 50 60
2016/09/09 Action No. RICH2016, Bled, Slovenia Action No. 18



Post—installation issue
* PMT rotation in B=1.5 T )

Peeled off -
optical cookies === p ]

— The rotation has been reproduced and — Shimming seems to
examined in bench tests. work for fixing.
Magnetic force applied in the PMT rotation /CI % O
P\

Preliminary Ramp-down ___Ramp-up

® Springl L
® Spring3

2016/09/09 00 02 pilbho18Bied Yvenl® 12 14 18
Magnetic field [T}




Summary

 The Belle Il TOP detector modules have been assembled
with great cares on the followings.

— 16 modules in about an yeatr,

— Precision alignment and skillful gluing of optics,

— Mechanical rigidity and stress for optics,

— Optical and electrical contacts at the prism end.
 Detector installation has been completed without a

significant incident.

— Secure module transportation,

—Well-designed installation jigs and procedure,

—Well-controlled module deflection.

* Post-installation work is going on intensively.

— Fix to the PMT rotation under B=1.5T,
— Operational tests and commissioning.



