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Talk$Outline�

•  Status$of$Belle$II$
•  Overview$of$the$Belle$II$TOP$Counter$
•  Status$of$detector$construcFon$

–  Module$producFon$
–  Quartz$opFcs$
–  Mechanics$
–  MCP4PMT$
–  Readout$electronics$
–  CalibraFon$system$

•  Summary$
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Detailed information available via webpages 
of “�PAC review” meetings. 
→ belle2.kek.jp�

Module installation practice�

K. Inami�

B. Ratcliff�

J. Schwiening�



SuperKEKB/Belle$II�

•  New$intensity$fronFer$facility$
•  Target$luminosity$; $$

–  Lpeak$=$8$x$1035cm42s41$

–  Lint$>$50$ab41$by$early$2020’s.$$

	$~1010$BB,$τ+τ4$and$charms$per$year$!$$
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SuperKEKB$
LER/HER$

KEKB$
LER/HER$

E(GeV)$ 4.0/7.0$ 3.5/8.0$

εx$(nm)$ 3.2/4.6$ 18/24$

βy$at$IP(mm)$ 0.27/0.30$ 5.9/5.9$

βx$at$IP(mm)$ 32/25$ 120/120$

Half$crossing$
angle(mrad)$ 41.5$ 11$

I(A)$ 3.6/2.6$ 1.6/1.2$

LifeFme$ ~10min$ 130min/
200min$

L(cm42s41)$ 80×1034$ 2.1×1034$

proposed$by$P.Raimondi$
KEKB$

SuperKEKB$

“Nano-beam” scheme�
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Belle$II$vertex$detector�

Pixel$Detector�

Double4sided$Silicon$Strip$Detector�

New$Central$Dril$
Chamber�

CDC$first$cosmic$ray$event�

The$1st$TOP$module$
(new$barrel$PID)�

��
Belle$II$collaboraFon$($>600$from$99$insFtutes)�

KLM$w/$scinFllator�
Aerogel4RICH$$
(new$endcap$PID)�

ECL$cosmic$runs�

ECL$w/$new$readout$
electronics�



Genng$Ready$for$Phase$1� 5$



Schedule�

•  2016.1:$start$beam$commissioning$
•  �017:$data$taking$without$vertex$detector$
•  �018:$data$taking$with$full$detector$
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Belle$II$TOP$counter�
•  Cherenkov$ring$imaging$using$precision$Fming$(σTTS$<$50ps/photon).$
•  Very$compact,$suitable$for$collider$geometry.$
•  Focusing$mirror$for$correcFng$chromaFc$dispersion$effect. $$$$$$$$
•  Imaging$w/$expansion$block$+$24layer$MCP4PMT. $�
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CollaboraFon$of$$Japan$+$US$+$Slovenia$+$Italy�

Design$opFmizaFon$$
Nagoya,$Hawaii,$CincinnaF,$PNNL$+$IJS�

MCP4PMT$
Nagoya�

Readout$Electronics$
US$(Hawaii,$PNNL,$…)$

Mechanical$Issues$
Nagoya,$KEK,$PNNL$

Quartz$radiators$
CincinnaF,$Nagoya,$PNNL$

Focusing$mirror�

Expansion$block$
+$MCP4PMT$array�

CalibraFon$system$
Italy$(Padova/Torino)�

Group leader : Jim Fast (PNNL), sub-leader: T.I. �



Beam$Test$@$Spring48/LEPS$(June$2013)� 8$

Back$Compton$
scawering�

8$GeV$e�
Laser$(351$nm)�

γ$(<$2.4$GeV)�

Dipole$magnet$
(0.7$T)�

Dril$chambers�

TO
F$
co
un
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rs
�

Pb$target$
(1.5$mm)�

e+�

e–�

e’�

TOP$counter�

Entries  7366
Constant  4.86± 76.91 
Mean      0.0± -122.7 
Sigma     0.0101± 0.1528 

Photon Time [ns]
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Mean      0.0± -122.7 
Sigma     0.0101± 0.1528 

Photon Timing PMT32 Ch16

σ=153$ps$$

(120ps)2 + (100ps)2 =156ps

ITOP$Physics$ IRS3B,$PMTs,$CAMAC,$FTSW,$RF,$…$

Performance$demonstrated$with$final$form$$
of$opFcs,$PMT$and$readout$(IRS).$�

IRS3B$readout$�

More results (also with conventional CFD readout) → talks by K. Inami @ RICH2013, K. Matsuoka @ TIPP2014�



Belle$II$TOP$Quartz$Bar$Box$(QBB)� 9$

Honeycomb 
panel (outer) 

Honeycomb panel 
(inner) 

Side 
rail 

Prism 
enclosure 

Photo-detector 
+ front end elec. 

Cold 
plate 

“Quartz” optics 
(prism, bar x 2, 

mirror) 

“Quartz Bar Box (QBB)” 

strong-back�

QBB�

sag$<$0.5$mm$
required�

16 modules are connected by “z beam” 
to make a rigid cylinder�



Quartz Optics Production and QA Belle II_
_

!  Optics QA steps 
!  Optics production status 
!  Optics QA results 

A. Schwartz 
Belle II BPAC Meeting, iTOP Review 

28 June 2015 

mirror 

prism 

bar 

bar 

270 cm 

45 cm 

Current team: 
M. Belhorn, O. Brunasso, J. Erzen, J. Fast, B. Glasgow, C. Ketter, T. Hayakawa, 
T. Iijima, K. Inami, J. Markus,  B. Pal, S. Sandilya, A. Schwartz, B. Wang 

Belle$II$TOP$Quartz$OpFcs�
Bar$(photon$propagaFon)$
•  L=1250$±$0.5mm$
•  W$=$450$±$0.15mm$
•  H$=$20$±$0.1mm$
•  Flatness$(S1,S2)$≤$6.3µm$
•  Local$flatness$(S1,$S2)$≤$1.8µm$(200mm$area)$
•  Surface$roughness$≤$5$�$rms$(S14S4)$
•  S1$�$S3,4$≤$20$arcsec,$S1
S2$≤$4$arcsec$
$$
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Mirror$(image$focusing)$
•  L$=$100$±$0.15$mm$
•  R$=$6500$±$100$mm$

Prism$(image$expansion)$
•  L$=$100$$+0.1/$40.25$mm$
•  W$=$456$±$0.15$mm$
•  H$=$51$±$0.1$mm$(PMT$side)$
•  Angle$(S14S2)$=$18.07$±$0.04$deg.$

Zygo Bar �

4 bars produced by Okamoto Optics Works 
29 of 34 bars are at hand (completed by Feb. 2016)�

s1�

s2�

s3�

s4�

Delivery completed� Delivery completed�



Construction flow overview� 11$

Quartz�

Quartz$bar$box�

Electronics:$$
Test$at$Hawaii$

MCP4PMT:$
Test$at$Nagoya$
and$KEK�

Bars:$Test$at$KEK�

Mirror$&$prism:$
Test$at$CincinnaF�

Glue$and$test$
at$KEK�

As
se
m
bl
in
g$
in
$c
le
an
$ro

om
�

Assembling$and$test$at$
KEK�

Assembling$to$TOP$module$�

Test$with$lasers$and$
cosmic4rays$�

Storage�

Install$to$Belle$II�

Move$from$Fuji$to$Tsukuba�



TOP Assembly Facility @ Fuji B4� 12$



OpFcs$QA$:$Bars$�
•  QA$measurements$are$made$in$the$clean$room$#2$at$KEK.$
•  Inspect$bulk$transmission,$reflecFvity$and$chips.�

13$

Bar Testing Method

Bulk Trans. Internal Reflect.
3

R0, R1: Calculated by 
Fresnel equations. Laser is 
polarized as S-wave for 
reflectivity measurement.

Clean room #2 
Fuji exp. hall�

Bar Testing Results

Typical results from Zygo Bar #450686 
Testing speed for bar QA: 1 day / bar

4

Bar Testing Results

Typical results from Zygo Bar #450686 
Testing speed for bar QA: 1 day / bar

4

Bulk transmission 
(Bar #450686)�

Distance [cm]�

Internal reflectivity 
(Bar #450686)�

100.0�

99.0�
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100.00�
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Laser wavelength: 405 nm 
Ave. Bulk Trans.: (99.55 ± 0.07) %/m 
Ave. Internal. Reflect.: (99.984 ± 0.008) %�



Assembling$steps� 14$



Quartz$Gluing�
•  We$use$EPOTEK4301$for$all$joints.$
•  Gluing$procedure$is$based$on$dry$runs$+$some$R&D$for$details$

–  Taping$(+$curtain$for$prism4bar$joint)$
–  Centrifuge$for$eliminaFng$bubbles$
–  Glue$injecFon$with$a$trolley$
–  Cleaning,$curing,$…$
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Remove extra glue after ~6hrs 
Remove tape and clean optics after ~27hrs 
�

We use Teflon tapes for 
later modules�

•  Small delamination observed in prism-bar joint for the module01. 
•  Gluing procedures were revisited, and many studies were made. 
•  We haven’t seen similar phenomena for later modules.�

prism-bar� bar-bar� Bar-mirror�
Gluing for module 01�



Glued$OpFcs$(Module$01)� 16$

•  temp�



QBB$preparaFon�
•  Measure$flatness$of$the$honeycomb$panels.$
•  Awach$strong4back,$tune$and$test$stability.$
•  Assemble$enclosure$$

–  Align$inner4panel$and$enclosure$<$0.06mm.$
•  Install$LEDs,$cameras,$spring$holders,$fiber$holders$
$

17$



QBB$PreparaFon$(PEEK$buwon)��
•  Quartz$are$supported$by$PEEK$buwons.$
•  Height$of$the$PEEK$buwons$need$be$

adjusted$very$carefully.$�

18$

Φ10 mm, t1.6-1.8 mm 

quartz bar 

cross section view 

PEEK button 

2 mm�

silicon glue 
Jig with vacuum chuck vacuum 

pump 

shim to adjust 
button height 

実機製作状況 (3) 
• QBB: PEEKボタンの接着 (続き) 

15.9.28� +.35��2015"6���� O�
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More$Pictures$from$QBB$PreparaFon$$$� 19$



InstallaFon$of$OpFcs$to$QBB� 20$



CompleFon$of$OpFcs$+$QBB$(Nov.10)� 21$



PMT$Module$Assembly�
•  PMT modules are assembled in the Fuji F1 clean booth.
•  The assembly procedure has been fixed.

•  Every module is tested for HV after assembly.�

22$

Vacuum chuck to align the PMT faces�
RTV silicon rubber to hold the PMTs�

Silicon rubber TSE3032 (before 
curing) to be filled between the 
PMTs and  the wavelength cut filter 

PEEK parts�

1� 2�

3�

4�

PMT module completed� HV test in a dark box�



MCP4PMT$MounFng�

•  Designed$so$that$PMT+$readout$
modules$can$be$replaced$from$the$
access$hatch.$

•  $MounFng$method$has$been$
established$with$the$prototype.$
–  OpFcal$cookies$for$WL4filter−Prism$interface$
–  Pogo$pins$for$PMT$−$Readout$interface$

23$

Optical Cookie�

Image reflected by prism�

Installation for module 01�



ProducFon$schedule�

•  Module$producFon$moves$smoothly$now.$~3$weeks$per$module$
•  Finished$Module10$assembly$as$scheduled�

24$



Current$status� 25$

Module01$at$Fuji$F1�

Module02,$05407$at$Fuji$B4$tent�

Module03,04$
at$Fuji$B4$tent$
in$tesFng$for$
installaFon�

Module08,09$at$Buffer2�

In$clean$room,$
Module10$gas$sealed$
Module11$opFcs$glued.�



Readout$Electronics$+$HV�

•  MCP4PMT$signal$is$readout$by$
newly$developed$“IRS”$ASICs.$
–  Waveform$sampling$
–  High$density,$mulF4hit$buffering$

•  512ch/module,$30kHz$trigger$rate$
–  Clock$jiwer$measured$with$test$pulse$is$

20ps.$

26$

“Oscilloscope on chip”�

11 
Readout electronics 

• MCP-PMT signal is readout by newly 
developed “IRS” series of ASICs.  
– Waveform sampling 

• Clear signal read out by ASIC.  
– High density, multi-hit buffering 

• 512ch / module, 30kHz trigger rate 
– Clock jitter measured with test pulse is 

about 20ps. 
 

PMT pulse with IRS 
electronics prototype  

Readout: many complex bits needed 

6 

HV board�



ProducFon$Workflow� 27$

Industry 
Std PCB, 
SMT assy 

Laser scan 
Verification 

Acceptance 
Verification 

Design/ 
Procure 

Custom 
Assembly Initial Test Assembly/

Test Shipping Integration 
Test 

Module 
Assembly 

Front Boards
  

Indiana 
(Visser) 

Press-fit 
HV pins 

(IU) 

Probe and 
HV test 

(IU) 
To KEK 

MCPPMT 
installation 
(Nagoya) 

Test 
(Nagoya) 

HV Boards 
Indiana 
(Visser) 

Pogo pins, 
potting 

(IU) 
HV test 

(IU) 
Hi-pot test 

(IU) To KEK 

SCROD 
Hawaii 

(Andrew) 

Cable 
harnesses 

(Pitt) 

FTSW  + 
COPPER 

(Pitt) 

Board Stack 
Assy/Test 

(UH) 
To KEK Retest at 

KEK (USC) 

Carrier 
Boards 

Hawaii 
(Andrew) 

Pogo pins 
(PNNL) 

Ref. 
SCROD, 

DAQ (SC) 

Board Stack 
Assy/Test 

(UH) 
To KEK Retest at 

KEK (USC) 

Production workflow 

Testing:  Front (153/164) , HV board (20/83),   SCROD (77/77),  Carrier (269/332) 

All circuit boards fabricated, assembled 
Cable harnesses in fabrication, HV board PoGO pins & potting 

2 



ProducFon$Laser$TesFng$(at$UH)� 28$

  10

iTOP Production Laser Testing

Laser w/ Coupler

PMTs Mounted on Frontboards

Boardstack

TJ Hooker

Reference Signal

Cold Plate

HV Card

  11

iTOP Production Laser Testing

  12

iTOP Production Laser Testing

  8

iTOP Production Laser Testing

LV

Motor Controllers Dehumidifier

Motor Arms BS Stand

DAQ Computer

Heat 
Exchanger

Dark
Box

Readout meets experiment needs�



ProducFon$status� 29$

Readout Status – Light at end of tunnel! 

9 

TesHng&is&going&well&
HVB&assembly&is&lagging&–&more&manpower&going&to&IU&in&November&to&resolve&
Rework&is&needed&to&get&sufficient&number&of&SCROD;&few&spares&of&carrier&expected&

•  TesFng$is$going$well.$
•  More$manpower$for$HVB$going$

to$IU$in$November.$
•  Rework$is$needed$to$get$

sufficient$number$of$SCROD.$

28� 1� 61�

247� 74� 9� 2�

Update (G. Varner)�

Summary 
 

6 

• M06 BS testing (enough parts through m09) 
• Last batch c012 heatsinks, Carriers & SCROD rework 
• Design Reviews: 
¾ Bicentennial (in fab), Wiener interface (last board) 

Board # 
Required  # Fabbed   # Grade A* # Grade B** # Grade F*** Untested 

Front 136 164 125 15 
 

13 
 

11 

High 
Voltage 68 90 17 0 0 73 
SCROD 68 77 63 0 14 0 

Carrier 272 332 213 41 
 

18 
 

63 

* Grade A = perfect 
** Possibly usable 
*** Requires rework prior to using 

Now enough Grade A Carriers, SCROD  through m13 
 
19 Carriers successfully reworked; SCROD rework? 

 3

Pulser station
South Carolina received two Pulser station from University of Hawaii.
Prepared two test bench : 

Can be monitored by one person at same time.
Speed up the carrier testing 

Bench 1 
(SCROD008)

Bench 2 
(SCROD011)

Pulser Box 2

Pulser Box 1

Power 
supplies

Periodic 
data backup

Periodic 
data backup

Pulse 
generator

Test bench at U. South Carolina�



MCP4PMT$ProducFon�

•  Total$of$611$MCP4PMTs$have$been$ordered$
–  Phase1$producFon$completed:$515$total$(285$convenFonal,$230$ALD)$$
–  LifeFme$extension$R&D$is$using$42$(will$not$be$used$in$Belle$II)$$
–  Phase$2$producFon$of$extended$lifeFme$tubes$will$produce$final$54$$
–  Belle$II$will$have$a$total$of$569$tubes$(512$+$57$spares).$

30$

0$

2$

4$

6$

8$

10$

Low$QE$ QE$drop$ HV$
discharge$

No$signal$Bent$pins$ Low$CE$ Ponng$
yellowed$

Reason$for$rejecFon�
ConvenFonal$ ALD$

We have repeated the PMT measurements to confirm no performance degradation. 
�

Hamamatsu 1” 
16-ch MCP-PMT�



Measured$QE�

•  temp�

31$Measured QE

All
Conventional
ALD

QE peak at 420 nm
• KT0275 (26.0%)
• KT0309  (26.0%)

Average QE at 360 nm
• Conventional: 28.1%
• ALD: 29.1%

7

As of Feb. 2, 2015



Photoelectron$flux,$accumulated$charge$
1$MHz/PMT$at$5$105$gain$at$design$luminosity$$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$!$about$1$C/cm2/50ab41$normal$type$MCP$PMTs$
Rate$plot$can$be$turned$into$an$accumulated$charge$(C/cm2)$plot$$
Plot$the$accumulated$charge$for$expected$summer$shutdown$luminosiFes$

2023: 50/ab 
 
2022: 38/ab  
 
2021: 26/ab  
 
2020: 14/ab 
 
2019: 5/ab  

Average lifetime, 
Conventional 
MCP PMT 
(0.3-1.8 C/cm2) 

P. Krizan�

Conventional MCP-PMTs have to be replaced at some point.�

Min. lifetime, 
ALD MCP PMT 
(>3 C/cm2) 

32$



Recent$LifeFme$R&D�
•  Test$6$methods$of$processing$to$improve$the$lifeFme.$$
•  Produce$6$samples$of$each$method$for$life$test.$

–  Test$4$samples$at$Nagoya$and$1$at$HPK.$
•  $Produce$8$samples$with$the$good$methods$combined,$and$

measure$their$lifeFme$for$confirmaFon.$$

33$

The lifetime of every 
sample is expected to be 
longer than 15 C/cm2.�
�

Life 
• Estimated integrated output charge in Belle II: 
 1.5-3 [C/cm2 /50 ab–1/5 x 105 gain] 
• We measured the lifetime for some MCP-PMTs. 

– Conventional: 0.3-1.8, average 1.1 C/cm2 

• We will exchange them with new ones when their 
QEs drop. 

– ALD: 3-13.5 (or longer), average 8.6 C/cm2 
        ↑We want to improve this for future use. 

 
• Newly produced ALD-MCP-PMTs should have longer lifetime. 

11 



Plan$for$MCP4PMT$InstallaFon�
•  We$have$three$types$of$MCP4PMTs:$

–  283$convenFonal$MCP4PMTs$(lifeFme:$0.341.8$C/cm2,$average$1.1$C/cm2)$
–  231$normal$ALD$MCP4PMTs$(>3$C/cm2,$average$8.6$C/cm2)$
–  65$life4extended$ALD$MCP4PMTs$under$producFon$(at$least$15$C/cm2)$
(cf.$Predicted$output$charge:$1.543.1$C/cm2/50$ab–1$at$5$x$105$gain)$

•  ConvenFonal$ones$have$to$be$replaced$in$2020$or$2021$summer.$
•  Average$QE$of$each$module$is$almost$the$same.$

–  28.6%$for$convenFonal,$28.9%$for$ALD$
�

���



Laser$CalibraFon$System�
•  Developed$by$Italian$group$(Padova/Torino)$$
•  w/$PiLas$laser,$PLC$spliwer,$SM$fiber	�MM$fiber,$GRIN$lens.$�

35$

NEW: Splitter 1-24 via  
Planar Light Circuit
(Padova) 

Connector SM-MM: (Torino)  

GRIN 
Lenses
(Padova) 

TOP light distribution system

PiLas laser (Torino)

SM fiber (Torino) MM Bundle
(Padova)

2

And later more complex tools needed 

  Laser data from module 01 
  Specific MCP-PMT pixel has 

three possible light paths 
resulting in complex peak 

  We will (eventually) need to 
understand in detail the expected 
response for each of the 512 
MCP-PMT pixels 

20 



Module$InstallaFon� 36$

XY-stage 

Guide pipe 
Counter weight Slider 

Module + Strong back 

Oho side Nikko side 

Module installation practice went 
extremely well.�



Module$TesFng$Plan�
•  Primary$test$for$every$module$

–  Electronic$charge$injecFon$
–  Laser$test$in$modules$
–  Cosmic$test$without$tracking$

•  Cosmic$test$with$precision$tracking$for$
subset$of$modules$(one$or$two)$
–  Use$CDC$for$precision$tracking$
–  Also$as$an$integraFon$test$of$Belle$II$DAQ$

•  Global$cosmic$ray$test$aler$installaFon$
•  A$beam$test$could$occur$aler$installaFon$

–  If$a$compelling$reason$emerges$(e.g.$
calibraFon$of$p.d.f.)$$$

37$

CDC at Tsukuba 
exp. hall�

nya
Entries  4089
Mean    95.41
RMS     14.97

60 70 80 90 100 110 120 130 140 150 1600

10

20

30

40

50

60

70

80

nya
Entries  4089
Mean    95.41
RMS     14.97

CFTime*0.38+FTSW*0.0469-(FTSW>625.5)*0.38*128 {CarrierNo==0 && AsicNo==0 && ChannelNo==0}

“preliminary”�

TDC dist. with CR data�

CR test stand at Fuji�



Summary�

•  Belle$II$TOP$is$the$first$realizaFon$of$a$detector$using$
internally$reflected$Cherenkov$lights$with$precise$
Time4Of4PropagaFon$measurement.$
–  Aler$>15$years$of$R&D$+$very$large$efforts.$

•  ConstrucFon$is$progressing$very$well,$aler$solving$
many$many$problems.$

•  Many$many$experiences$(quartz$opFcs,$MCP4PMT,$
mechanics)$have$been$accumulated.$
–  We$are$happy$to$share$knowledge,$know4hows,$…$

•  Many$more$to$learn$(probably)$for$stable$operaFon,$
analysis,$etc.$
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Stay tuned !  &  Let’s keep in touch !�
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Danke schön ! �



Backup� 40$



Quartz$Alignment�
•  Quartz$alignment$is$done$with$a$gluing$stage,$autocollimator,$

and$laser$sensors.�
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OpFcs$QA$:$Mirror$(SN002)�
•  Measured$at$CincinnaF$(M.$Belhorn,$B.$Pal,$A.$Schwarz)$
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OpFcs$QA:$Prism�
•  Inspected$for$chips,$angle$and$transmiwance$at$CincinnaF$(M.$

Belhorn,$B.$Pal,$A.$Schwarz)$
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High$Purity$N2$System�
•  We$will$seal$QBB$and$test$leak.$
•  High$purity$N2$system$is$ready$in$Fuji$hall�
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Lucien$Cremaldi$$
(Mississippi)�



Gas$sealing�
•  QBB$panels,$side$Rails,$FWD$endplate,$

prism$enclosure$were$sealed$with$Si$glue.$
•  Tested$with$Restek$Electronic$Leak$

Detector$+$Pure$N2$(&$G1$Ar)$
–  Significant$leaks$were$found$in$the$

prism$enclosure$through$the$mounts$
for$CCD$cameras,$LED,$fibers$and$
others$(fixed$now).$

•  Started$to$flow$pure$N2,$and$measure$
dew$point.$
–  <$451$degC.$(34.31ppm)$achieved$$
–  Target$is$4$60$deg$(11$vol.ppm)$with$

the$inlet$flow$rate$of$0.5L/min.$and$
pressure$<$1kPa.�
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Pure%N2%� Flowmeter.
(F1)�

TOP� Dew%Point.
Sensor%(DP)�

Flowmeter.
(F2)�

Fuji:B4.
Air%Exit�

Pressure.
Gauge%(P1)�

Plastic tubing is used 
for outlet-module�


