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Mu-E-Gamma Collaboration

RUN2010 : MEG3ZEBD¥ES v Already started
Apr May Jun Jul Aug Sep Oct Nov Dec R
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Installation e*Mott
e
Beam study
L e - —|
Analysis of 2009 : MEG Accel.
JelIEE shutdown

* Re-install spectrometer after repair & maintenance work (~1 month delay)

* Positron beam test

* Beam optimization Total

« MEG RUN 2010- | 117 days for physics data taking

 PiO calibration run ®x2.7
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EMEG

E Gamma Collaboration

New things, modifications

 Beam optimization

* Replaced 5 Drift Chamber modules with new ones
* Z-measuring Timing Counter integration

* Electronics (waveform digitizer) timing tuning

* New calibration method (feasibility test, mounting)

- Positron mott scattering
- Neutron generator for 9 MeV gamma
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EMEG

E Gamma Collaboration

Beam optimization

* Beam intensity

* Stopping distribution |
« Degrader, momentum slit D Tl
» Event distribution (asymmetry) L

e Optimize S/N

Target
center

|ji.|j“ “‘j}“u-tm-}w_ﬁa’ﬂmm

* Oiriginally planed before 2009 run

- 1°' half of 2009 data shows strong asymmetry (200pum degrader)
* Less stopping efficiency (~65% of that with 300pum degrader)
* Higher BG

- Changed degrader setting during run2009
¢ Tive " Tye ” =37 : 63
¢ Nio™® N, =29:71

stop

* This study shows the setting of 2™ half of 2009 was optimal

- Tuned beam center for this setting
- Rate was adjusted to 3.6x10/sec at center — Ry, = 2.9 x 10"u/sec

stop

This year
More efficient and less BG beam condition for all period
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Detector condition MEG

E Gamma Collaboration

e Drift chamber

- Replaced 5 modules with new ones
- 30 layers (out of 32) working at nominal voltage
- (still) large noise on cathode readout

e Liquid xenon

- Slightly higher light yield (full (updating best record))
- A few PMTs becoming dead
* Continuous decreas of PMT gain

 Total 7 dead channels

* Timing counter

- Phi-bars working fine (for this 3 years)
* Optimization of thresholds for better timing resolution are ongoing

- Z-fibers just integrated into our DAQ
* Conditioning, noise study, readout tuning under way

* Integrating into trigger is under study
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Detector condition

e Drift chamber

- Replaced 5 modules with new ones
- 30 layers (out of 32) working at nominal voltage
- (still) large noise on cathode readout
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Detector condition ﬂMEG

Mu-E-Gamma Collaboration

e Drift chamber

- Replaced 5 modules with new ones
- 30 layers (out of 32) working at nominal voltage
- (still) large noise on cathode readout

e Liquid xenon

- Slightly higher light yield (full (updating best record))
- A few PMTs becoming dead
e Continuous PMT gain decrease

 Total 7 dead channels
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EMEG

Mu-E-Gamma Collaboration

Detector condition

* Drift chamber

- Replaced 5 modules with new o
- 30 lay Two-layer (orthogonal) at

- (stly| ° %i\ﬂbbearr (== 5x5mm? fiber
[ J I_

* Liquid Xel Online resolution
- Slight °* 2cm— "2.5cm  (y
- A few PMTs becoming dead |
« Continuous PMT gain decre B oeom-dir
 Total 7 dead channels 7 (z-axis)

* Timing counter

- Phi-bars working fine (for this 3 years)
* Optimization of thresholds for better timing resolution are ongoing

- Z-fibers just integrated into our DAQ
* Conditioning, noise study, readout tuning under way

* Integrating into trigger is under study
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EMEG

E Gamma Collaboration

Electronics Timing Accuracy

* In 2009, we introduced new version of waveform digitizer
(DRS4) |
Externa

- Low noise, better linearity clock

- Sampling frequency is regulated by PLL

- However, found to have worse timing accuracy

- 2009 timing resolution was largely worsened by the
electronics

* Moadification during shutdown period

- Reduce digital noise on acquisition board
- Optimize PLL regulation circuit to minimize jitter

Time difference of two gamma from 1° decay
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MEG calibrations

LED
PMT Gain

=
=
=

ber of events /(0.08Q,nsec)

=3

=

=
T

Number of gyents (/0.10,MeV)

Radiative Decay
H — evvy

Relative timing
Similar topology

Lig

=
Nua
S W

‘lenon gamma-ray defr_ctor

I SR S

133 AR AR R R RN N RN N RN AN

YY
55,83,129MeV
- monochoro

™ - ye'e
Relative timing
Similar topology

. COBRA paositron spectromet

mm

Am source on wire

|\J/ \l\/rJ/ —_—\J 1 v

CosmicRay

L DC alignment
ne - TC uniformity
n:"\. &

LXe monitor

C-W accel.

Li(p,y)Be
- 18MeVy

B(p.,y)C
- 4,11MeV 2y

IF'UOUNL U'C oo

AmBe
4.4MeV y source

| Complementary for completeness
Duplicative for cross check



MEG calibrations ﬁMEG

Mu-E-Gamma Collaboration

Number of gyents (/0.10,MeV)

* What's missing ?

- Monochromatic positrons
- Gamma source used in beam ON

- Angle calibration




New calibration method 1

* Spectrometer calibration with e* Mott scattering
- Coherent elastic scatter of e+ on light nuclei
* Precisely known cross-section
- e" beam
* High intensity @ PIiES beamline
- For MEG, e" are separated and rejected
* Monochromatic, and momentum tunable
- Select momentum with low momentum bite

(~100keV) 7
- Target (light nuclei — Carbon is best solution)

 MEG target (thickness of 205um) electrostatic
separator

* Dedicated target
- Pure CH2 (thickness of 2mm)

- Mounted inside COBRA magnet

A sAg Jrodsuel ] wreag o

- Calibrate and study
e Momentum resolution

 Efficiency and uniformity
- Cross section & angular distribution well known
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u-E-Gamma Collaboration
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Neutron generator

New calibration method 2

* 9 MeV gamma from n-Ni reaction
- Thermal neutron capture on Ni

- Unique possibility of calibrating LXe with
gamma under beam ON.

- Neutron generator as n-source
* D-D reaction

* Pulsed operation (better S/N under
beam condition) Installed (Jun 2010)

» Easy to switch ON/OFF
- Frequent monitoring (any time)

moderator
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2010 Expectations

13/Sep/2010 Yusuke UCHIYAMA

16



Expected performance

Mu-E-Gamma Collaboration

2.0 (w>2cm) — 1.5(w>2cm)
80 >67 68
5(u,v) / 6(w) — —
63 58 —

1.6 0.74(core) 0.7
<125 <95 —
10(p) / 18 (8) 7.4(@,core) / 11.2(0) 8(wp) / 8(0)
14 40 40
148 142(core) 120
3.2(R) / 4.5(z) 2.3(R)/2.8(z) 1.4(R) / 2.5(z)

66 84 84-94
48 /78 35/43 95 /117

For detail,
— 13pSM3 “MEGERBAEFE/ VigHiZEDME BE
— 13pSM2 “MEGRERFAEFARYMNOX—Y DM REEEM” B HtH A
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Expected statistics & sensitivity

« 3.1-3.5{8MD#fEET(2009Lt)
- 2.7 beam time x 1.15 stopping eff,

x trigger eff

* Sensitivity : (2.0-2.2) x 107
- cf. S, = 6.1x10°"2
- CurrentbestUL=1.2x10™"

13/Sep/2010

EMEG

E Gamma Collaboration

Preliminary estimation
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Summary table

13/Sep/2010

Mu-E-Gamma Collaboration

2.0 (w>2cm) — 1.5(w>2cm)
80 >67 68
5(u,v) / 6(w) — —
63 58 —
1.6 0.74(core) 0.7
<125 <95 —
10(p) / 18 (B) 7.4(@,core) / 11.2(0) 8(p) / 8(0)
14 40 40
148 142(core) 120
3.2(R)/4.5(z) 2.3(R)/2.8(z) 1.4(R) / 2.5(2)
66 84 84-94
3x107(300um) 2.8x107(300um) 2.9x107(300um)
48 /78 35/43 95/ 117
1.3x10™" 6.1x10™" (2.0-2.2)x10™"
2.8x10™" 1.5x10™ -
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Further prospects, Discussion EMEG

Mu-E-Gamma Collaboration

« \We will run at least until 2012

- Another two-year full run.
- No clear schedule for further years

- We will clarify the situation (2009 result) by ourselves
with long term stable data taking

« Qur goal is a sensitivity of a few x 10"

* To achieve the goal

- Gaining statistics is crucial

- Must reduce BG by improving analysis
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Further improvement MEG

E Gamma Collaboration

» Efficiency and data statistics

- DAQ and Trigger efficiency by double buffering
* Current DAQ eff ~ 82%

e Current TRG eff = 84%
* — 99x95 %
* Possibility in our system has been considered since this spring
- Study underway
- Possibly implemented from next year
- € tracking efficiency
* Even if the full operation of DC, eff is limited to <560% due to detector
material.

* Improvement under consideration
- Use thinner cables, upto 15% improvement
- Feasibility and design underway, possibly from 2012
* Drastic improvement requires major upgrade of detector
* Analysis
- Gamma energy
- Positron tracking
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Strategy for analysis improvement MEG

E Gamma Collaboration

* Positron tracking

- Reduce noise, hardware and software
- Fine tuning of track fitting algorithm

 Gamma energy
- Understand LXe optical properties
« MC
- Reflection with polarization, etc.
* Improve QE measurement
* Detail understand of detector
* Optimize analysis with MC training

- Fine calibration
» Stable and better quality data of piO run with BGO

* Uniformity calibration for high energy gamma
- Develop more sophisticated reconstruct algorithms

- Possibility of replacing bad PMTs with new ones (20127)
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Summary ﬁMEG
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- IS NIXRBEDRE®D
- ~3fEDMEZITHS5NB. (2000Lk)
- HARE 1 ~2x 107
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3

- BE3FEED,
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Quality factor for Beam optimization MEG

E Gamma Collaboration

Trigger#H: H NGO()D E.NTOT-TRG#“.J NGOOD
TC trigger NTC-Clusters DIP D[TTOT NTC-Clusters
Triggertl}: - NGOOD H, NTOT—TRG#18 . NGOOD
DCtrlgger DIP DI:TTOT (N TRG#]S)REC (N TRG#18)REC
. Degroder Quality factor vs Thickness
E?.S_
£l [ —
2. . e

22 | <
i \L% 18—105
2[:' T

/’/ * 2105
¥
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« Nal on mover

Improve pi0 data with BGO

e Use BGO instead of Nal

- Higher efficiency, better resolution(fii&, T XJLF+ —%
- First test done with 16 crystals on Sep.2010 —' )

LXe LAr Nal{Tl) CsI(Tl) BGO LSO(Ce) PEWO,

Density (g/em”) 298 140 3.67 1.51 T.13 7.40 8.3
Radiation length (em) 277 14 2.50 1.86 1.12 1.14 0.89
Mollier radius {em) 42 72 1.13 3.57 2.23 207 2.00
Decay time (ns) 45 1620 230 1300 300 40 30,/10!
Emission peak (nm) 178 127 410 560 480 420 425 /4201
Relative output 7h ag 100 165 21 &3 0.083/0.291
'slow /fast component

0.05— MC study

- | Nal (77)

~ =
0.04 J BGO(&F,&®)
0.03— ]‘
0.02] [I \ I3

: i i
0.01— . A Rt

C . | o

L L [ 3 %[

0 L 1 [ i —“5’7'3‘}:‘:?’: .“ L L 1
0.03 0.04 0.05 0.06 0.07 0.08
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Relative alignment with CR EMEG

Mu-E-Gamma Collaboration

* Alignment of detectors I]: ]
- Optical survey u
- Photogrametric survey
- Farogauge
- Michel positron for spectrometer

- Relative alignment b/w Lxe and
spectrometer
* Took CR w/o magnetic field (May
2010)

- Reduce uncertainty of relative angle.
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