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The construction status of the MEG Il liquid
Xenon gamma-ray detector
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L—>ey search

We search for charged lepton flavor violating decay of muon, p->e+y.

Prohibited in SM, detectable branchingratioin some BSM model

Main background is the accidental background. ) N Jﬁf
HR o  CR

Detector resolutions, especially energy resolution of y-ray,
are important to effectively distinguish the signal event

from the accidental background

Signal Background
Signal decay Accidental backgrouna Radiative muon decay
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 E=52.8MeV  Dominant background  E<52.8MeV
* back-to-back e E<52.8MeV e not back-to-back
e coincident  not back-to-back e coincident



MEG Il experiment

Upgrade of MEG experiment
0 W* stopping rate will be doubled
0o 3X107u/s > 7X%X107 u/s

o Detection efficiency will
improve.

1 Resolutions of all detectors will
become half.

o New detector for background
tagging will be introduced

e* drift chamber
& timing counter

Gradient magnetic field

Expected sensitivity: 4 X 1014

o One order of magnitude better
than MEG

Liquid Xe
y-ray detector
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L Xe detector upgrade

to significantly improve the performance
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We will replace 216 2-inch PMTs on the

y-entrance face with 4092 12 X 12 mm? MPPCs.
e Better granularity
e Better position resolution
e Better uniformity of scintillation readout
* Better energy resolution
* Less material of the y-entrance face
* Better detection efficiency




L Xe detector upgrade
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We are upgrading LXe detector for MEG Il .. P ) |
to significantly improve the performance.¢ %, &8 ¢'¢". l‘-ﬁ‘
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Number of PMT increases (54 - 73) C Moy ~'
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Different PMT angle of lateral face
* |Improve the uniformity of the readout

Wider incident face
* Decrease energy leakage
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Position resolution [mm]
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Expected performance

Significantimprovement of all resolutions and
efficiency are expected.
Detector performance for signal y-ray
MEG MEG I
(measured) | (simulated)
Efficiency 65% 70%
Position ~5 mm ~2.5 mm Imaging
Energy ~2% 0.7-1.5% power
Timing 67 ps 40 - 60 ps [MProves
Position resolution (horizontal) Reconstructed Energy
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VUV-sensitive large area MPPC

MPPC for MEG Il LXe detector
has been developed in collaboration
with Hamamatsu Photonics K.K.

— VUV-sensitive (PDE (A=175nm) > 15%)
 Scintillation light of Xe is in VUV range

- crosstalk and afterpulse
suppression

‘-'metél quench resister
* Four chips connected in series to reduce long time constant.

— Large sensitive area (12 X 12 mm?)
* Discrete array of four 6 X 6 mm? chips.

Further studyis going on, to understandits performance well. (see next talk)
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Signal transmission

“Coaxial-like structure” PCB

|
* We havedeveloped signal transmission system. | SIGNAL
I

— It cantransmit ~5000 ch signals. |

I I
| SIGNAL

— PCB has coaxial-like structure for impedance matching
(50Q) and good shielding from external noise, high bandwidth, and low crosstalk.

— Feedthrough is based on PCB to realize high density transmission.

* New DAQboard, WaveDREAM, is being developed to cope with increased

number of channels. PCB-based feedthrough
coaxial
cable

MPPC mounted on PCB
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Detector Construction Status

R&D
v" VUV-sensitive large area MPPC

v Signal transmission system

¢

Production

| v/ MPPC mass production

| v MPPC mass test

Iy Signal transmission system

: v' Cable, PCB, feedthrough
| v" Modified PMT holders

| v Refrigerator

¢

Assembly

¢

Commissioning

— — — — Production - — — — — -

B J
—— — — Assembly - — — — — -
| v PMT relocation & installation |7
@ | v MPPC installation :

) | v Sensor position survey
PhyS|CS DAQ |« Cabling & connection check

IL. Calibrationsource installation
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PMT replacement —Dead channel- 12

Bad PMTs list out of 846 PMTs in MEG |

* We will reuse PMTs operated in MEG . _

— 846 PMTs in MEG | Dead PMTs
- 668 PMTs in MEG |l Low QE 2
* Basedonthe MEGI’s history, Gain history is strange 29
some of the PMTs are replaced. O oy T Sl 6
.QI.E of 846 I.DN.ITS irll ME.G | Short lifetime is expected 20
: : .i;:”r.n»t.;it:emp»;;;; Total (overlap considered) 63

Mean

QE (end of 2013)



PMT replacement —Gain history- 13

Bad PMTs list out of 846 PMTs in MEG |

* We will reuse PMTs operated in MEG I. _

— 846 PMTs in MEG | Dead PMTs
- 668 PMTs in MEG I Low QE 2
* Basedonthe MEGI’s history, Gain history is strange 29

some of the PMTs are replaced. L — 6

Short lifetime is expected 20

Gain hIStOI’y 2013 Normal PMT T~#-!lavnrlan mmncidavadl €2
e ¢ ; 1.5 ~ Strange PMT example
: I ——=— DRSGain - : : Beam Sta rt : g: . p )
(5400 & TI;BECI Gain __1_4 ~
B ; Alpha(q.E) E w
2200} ...................................... . EEED) Gain —;1.3 2
- ; ] (=
- \ i i . ] 'S
2000 HM-vov e g iy dec'rease """ 412 ]
- . - \ —:1_1 1]
1800 {—- a [j,j:JUSt ..... .08 8. hh’! — . o
C .b@@;gj\a . LM{ o "I Wﬁeﬂwﬁﬁ —:1
1600 |— T R vlal Y LR g R -
u " | —jo.9
14005w ...................................... l ............... | éO.S
1200 ......... ],.Beam ,,,,,,,, A SN 1
1000 - - mon?:h | sta rt ‘ —EO.B
C 1 1 1 [ | 1 I 1 1 l Il 1 | 1 1 I :0 5
16/03 15/04 15/05 14/06 14/07 1 3/08 1 2/09




PMT replacement -Lifetime- 14

Bad PMTs list out of 846 PMTs in MEG |

* We will reuse PMTs operated in MEG . _

— 846 PMTs in MEG | Dead PMTs
— 668 PMTs in MEG Il Low QF 2
* Basedonthe MEGI’s history, Gain history is strange 29
some of the PMTs are replaced. : :
QE history is strange 6
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* We will recover gain decrease

40 coming aging effect by adjusting HV.
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Photo sensor install

Photo sensor installation order

Top/bottom PMT install

Outer PMT install

¢

MPPC install

¢

Lateral PMT install




Photo sensor install -PMT-

, l\\ W/ Both signal cable & HV
S® cable are soldered
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Signal check with Sr 90.
(Cherenkov light at quartz window)



Photo sensor install -MPPC- -

MPPCs are mounted on PCBs for wPpC i wePC )
signal readout and alignment. ” ” " | ~1.5mm

O [ ] O | | [ Topspacer _}
PCBs are fixed on CFRP support
structure which is attached on
cryostat.

Spacers are inserted to reduce the
material beforey entrance face.

1.5mm
0 T o

Cryostat wall
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Sensor position survey 19

Sensor position is surveyed afterinstallation. Measuring the position of photo
sensors accuratelyis importantfory-rayreconstruction.

MPPC PMT
We have scanned MPPC surface Survey is done mainly for PMT on
by using FARO scanner. lateral face. (Position of lateral face

has some degree of freedom)

We have measured PMT position by
using laser tracker and reference
marker.

PMT support structure (Lateral face)

Measured data
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Feedthrough preparation 20

cablesare Preparation of feedthrough has been done

before its installation.
* 432 ch/flange X 12 flange = 5184 ch

S,

S —— LXe side: in a unit of PCB
PCBs are attached to flange Air side: in a unit of
by Stycast readout electronics



Cabling and connection check

Connection and channel assignment
check is donein parallel with cabling.

“connect cable -> check connection”
cycle is repeated for every PCBs.

We have prepared a “LED array” to flash
the LED justin front of the each MPPC.

:f ’\‘. o~

Connection check with LED array

current readout
inner face . — w/ bias voltage

lateral MPPCO MPPC1 MPPC2 MPPC 43
face
slit.
LED LEDO__LED1__LED LED 43 flash LED

G ——

array

L ] ]




Cabling and connection check

.g 40_MPPC current
 Each LEDis flashed one by one. é 3
* We have checked whether nearest Q o .
MPPC shows larger current than others. 5 F - . ‘
Q 20F- -:-...'lr- —os
© 15F -
Cablingand connection check is ongoing. = [ o
10_—-.
5
00 lII5”“10““15“”20I“I25““3I0““3£5“”410lll 0.1

Position of MPPC

] current readout
Iatera. MPPCO MPPC1 MPPC2 MPPC 43 ‘
face
slit

LED | LEDO___LED1 LED2 LED43__ flash LED

G ——

array :




¢

Production

¢

Assembly

¢

Commissioning

e

Physics DAQ

Schedule

—— — —— Assembly —— — —
| v PMT relocation & installation |
| v/ MPPC installation |
| v Sensor position survey |
o Cabling & connection check |
:_0 Calibrationsource installation |

next winter (3 months delay from last JPS)
— — — — Commissioning — — — -

| * LXe liquefaction & purification |
| * Commissioningrun |

Engineering
* Full detector calibration
* Performance measurement

s<LXe detector construction will not
limit MEG Il schedule.
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Summary

The MEG Il experiment searches for
Hu->e+y decay with the sensitivity of
4 X 1014,

LXe detector upgrade will playan
important role to sensitivity

improvement.

o | \\\\\\\\\‘\\“H\\'u\ B
Detector construction of LXe detector IR
is on going = o E

— MPPCs are successfully installed.

Detector commissioning will be next
winter.

s, =9 shoAR
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BACKUP
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MEG LXe y-ray detector =

LXe y-ray detector was successfully operated
in the MEG experiment.

— 900 @ LXe detector

— Scintillation light readout by 846 PMTs
Advantages of LXe

— High light yield (~75% of Nal)

— Fast (Tgecay = 45ns for y-ray)

— High stopping power (X,=2.8cm)

— Uniform (liquid)
Disadvantages of LXe

— VUV (Vacuum Ultraviolet)
scintillation light (A=175nm)
— High purity is needed

— Low temperature (165K)
is required

5% QF for \=175nm |
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LXe refrigerator & purification
HH B SRIFAE, IPS 20165

Upgraded cryogenics system is being constructed to cope with
increased heat flow from 4000 MPPCs.

Sufficient power (430W @ 160K) of new GM refrigerator is confirmed.

o e Additional GM refrigerator
will be placed far from
cryostat to prevent from
noise

[]

| —

quuefactioh

external stage

for GM refrigerator ' J pulse-tube
refrigerator

etter
(purification) | -

D C 1 [ /5




29

H B8 SRIRAE, IPS 2016%FF

Mounting MPPCs on PCB
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distance between MPPCs
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