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Physics Motivation

* Minimal SM: Conservation of Baryons (pr'gonﬁe/cay)
and Lepton Flavour (M, ut — e*v,v, vy ok)

- Super Symmetry (SUSY) theories generically predict
LFV

* Processes like u* — e* y are not "contaminated” by SM
processes and therefore very clean

- Discovered v oscillations are expected to enhance LFV
rate

+ The search for u* — e* v is therefore a promising field
to find physics beyond the SM
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Prediction from SUSY SU(5)V

my,= 0.07eV >0
T

w/o SUSY: BR(u* — e* y) ~ 10-24 |

10 Experimental bound?

Based on observation of
atmospheric neutrino anomaly

BR(u* —»> e*y) > 1014
I | BR(tt — uty) > 10-°

Conversion(n — e) > 10-16

Br(iL ~eY)
5»—
I

- —— M;=50GeV

——— M;=100GeV |
10

tan3=30,10,3 )
a - 1)  J. Hisano et al., hep-ph/9711348

. | | | | 2)  MEGA collaboration, hep-ex/9905013
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Connection with v oscillations?
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J. Hisano and D. Nomura, Phys. Rev. D59 (1999) 116005

Jan 22+23, 2003 DESY Hamburg+Zeuthen

A_



—_— =
Previous u* — e*y Experiments

Upper
Place Year |- PP Author Search for
limit
Lepton-Flavour
SIN (PSI), 1977 <10 x 10° A. Van der Schaaf et a/. Violation:
Switzerland
TRIUMF, Canada | 1977 | < 3.6 x 10°° P. Depommier et al. -
LANL, USA 1979 | <17x10% |\ w. Kinnison e al S i
;: . ° zK+ - Tile
LANL, USA 1986 | <49x10t | R.D. Bolton et al, ‘e 0
LANL, USA 1999 |<12x 101 | MEGA Collab, M.L. N
Brooks et al. : - % ::
PST ~2005 | ~ 1013 This Experiment . ,..i,.
T :- o m

1940 1950 1960 1970 1980 19390 2000
History
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Institute Country Main Resp. Head Scientists Students
ICEPP, Univ. of Tokyo Japan LXe Calorimeter T. Mori 12 2
Waseda University Japan Cryogenics T. Doke 5 2
INFN, Pisa Ttaly Trigger, M.C. A. Baldini 5 4
INFN, Pavia Ttaly e* counter 6. Cecchet 3 -
IPNS, KEK, Tsukuba Japan Super‘goducﬁng A. Maki 5 -
Solenoid
) Drift Chamber, )
PSI Switzerland Beamline, DAQ S. Ritt 4 -
BINP, Novosibirsk Russia l};xe. Tesfs and B. Khazin 5 -
urification
Nagoya University Japan Cryogenics K. Masuda 1 -
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Time Table

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

“large prototype”
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E.=52.8 MeV E, = 52.8 MeV

Lig. Xe Scintillation

Lig. Xe Scintillation
Detector

—  Detector

T/ Stopping
Muon Beam Y/ pping Target
—) \}JH/‘
e*\ /\\ Timing Counter
Drift Chamber > N \ /

Drift Chamber
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Stopped p beam of
107-108 s, 100%
duty factor

Liquid Xe calorimeter
for v detection

Solenoidal maghetic
spectrometer with
gradient field

Radial drift
chambers for e*
momentum
determination

Timing counter for e*
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Signal and Background

ut — e* y signal very clear
- E, = E.. =528 MeV

- 0, =180°

- e*andy in time
Background

- Radiative p* decays

- Accidental overlap
Detector Requirements

- Excellent energy resolution

- Excellent timing resolution
- Good angular resolution
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E,.E, = 52.8MeV
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u— ey Sighature

10" 1 Decays in Acceptance

[ \; V.L'.Z\ “" \-- \1\ ‘r~ \ LJ\
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X = E_/52.8MeV

1

1.02
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Sensitivity and Background Rate

Aimed resolutions:

N, 2.5x107

T 2.6 x107 s (~65 weeks) FWHM
Q/4rn | 0.09 AE, |0.8%

€, 0.90 AE, |4.3%

£, 0.60 AB,, |19 mrad
Eo 0.70 At,, | 140 ps

Single event sensitivity (N, * T« Q/4n s g, * ¢ * g )y =4.5x% 1014
Prompt Background B, = 10"

Accidental Background B, oc AE.* At, * (AE, )** (AO,, ) — 3 x 107

90% C.L. Sensitivity — 1.5 x 1013
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Comparison with previous experiments

“ J—

Exp./Lab| AE,/E, | AE//E, | At, A8, Inst. Stop Duty
BFWHM | TFWHM | (ns) | (mrad) rate (s!) |cycle (%)
SIN .
(PST) 8.7 9.3 14 - (4..6) x 10 100
TRIUMF 10 8.7 6.7 - 2 x 10° 100
LANL 8.8 8 19 37 2.4 x 10° 6.4
crystal 8 8 13 | 87 4 x 105 (6..9)
oX
MEGA 12 45 1.6 17 2.5 x 108 (6..7)
MEG 0.8 4.3 0.14 19 2.5 x 107 100

Jan 22+23, 2003 DESY Hamburg+Zeuthen

14




—_— =

Paul Scherrer Institute

ratl T p, T T T
[Switzerland|] ' o LU e

GERMANY

N
Scha_llha \ Constonce L” )
anige : guner

[} 5 Miles
ol
%Dh | o 15 Kilomerers Basalsd

Experimental
Hall

oliesia

o PO ruy
| o> 7. *Detemiiit

éﬁ- -ﬂ°

B Salothurn
"{r EI'E"

J‘. d 'f
-4?*N——l-_ o T i Ll Luce rne ol
WS P el e
| 3ot < i, Bipern (taks Lugene]
FRANCE ! =

Uity - PizKesch
Thumer Se I (3,6 4m | IHIT fe

Lausa E Iun‘g“{mu R elnwnidller.{n Bis' A
ik, f i Moritz
11ntrux h
o Lémol 1y ne s€

hé ] ‘
"
2,40 |
L mhie g
{Lake Genevy

B efdan Hibn(;r

Jan 22+23, 2003 DESY Hamburg+Zeuthen 15



— =T

Experimental Hall

NA-Hall
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Experimental Hall

Accelerator Facilities
C  Cockcroft-Walton
12 Injector 2
R 520 MeV Ring Cyclotron
11 Injector 1

Beam Transport Lines
P Proton Channel

Neutron Spallation Source
S Neutron Spallation Source SING
L Target-Storage Pit

s Medicine
1 Isotope Production IP2
2 Eye Treatment OPTIS
3 Proton Therapy Gantry

8 Nuclear Physics and
Radiochemistry

I Particle Physics
-

Solid State Physics and
Materials Science

A_
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108 p/s on 5x5 mm?
Neutron background measured in 1998
Two Beam tests in 2002

mTES2
U-version

L ey Detector

] L//

[
]

First Degrader

\ " \—=s

Beam transport
solenoid TES]

/-Version

ASC
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2002 beam line tests

L + o
Schematic View: & _P~

PIES 'U'-Branch - MuEgamma Test Beam Sctup 2002

Electrostatic separator shows excellent background suppression (7 - 11 o)
Beam spot size at target ~6mm o
Stopping rate ~0.5-0.8 x 108 (short production target)
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Detector

Lig. Xe Scintillation
Detector

Lig. Xe Scintillation

\ Q —  Detector

Muon Beam W/

'
e+'\ Timing Counter
Drift Chamber > 7 /

Drift Chamber

im
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+ ~800I liquid Xe (3t)
« ~800 PMTs immersed in LXe
» Only scintillation light detected

for thermal insulation

- Fast response (45 ns decay time)

» High light output (70% of
NaI(TI))D

* High uniformity compared with
segmented calorimeters

Al Honeycomb
window

A

» High channel occupancy will be
accommodated by special trigger
scheme

1) T. Doke and K. Masuda, NIM A 420 (1999) 62 v
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52.8 MeV|

Liq. Xe

52.8 MeV
Y

Lig. Xe

(@)

(b)

y Response

1/
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Signal is distributed over
many PMTs in most cases
Weighted mean of PMTs
on the front face

— 8x ~ 10mm FWHM
Broadness of
distribution

— 6z ~ 16mm FWHM
Timing resolution

— 8t ~ 100ps FWHM
Energy resolution
~ 4.30/0 FWHM
depends on light
attenuation in LXe

21



S

» Extrapolated resolutions at 52.8 MeV

Liquid xenon

S8
Calorimeter Prototypes
"Small” “Large”
« 32PMTs, 2.31LXe Feadihrough
» Tested with radioactive sources
% < 51Cr, 137Cs, 54Mn, 88Y \ ‘—_;I;:;:ir::r:)gen

in agreement with quoted numbers 2einch PAT - Capacitance level meter
Vacuum
Al honqca?;zow for thermal insulation
Thin Al
window
Nl
Y beam =
M Vacuum
Holding rail E_,_ pume
Sterage Ring /
) TERAS ) Ly J > Al spacer —100em
e (800MeV, 300mA) e Lead Gollmatar =
X\\\ //// = / T Measure resolutions i— T G0 spaoer
] | N e with 40 MeV photon
e Laser Polarizing D beam at ETL’ i
B Tsukuba, Japan
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* Currently largest
LXe detector in
the world (224
PMTs, 150I),

- Contains all
critical parts of
final detector

- Can measure light
attenuation length
up o ~1m

Jan 22+23, 2003 DESY Hamburg+Zeuthen 23



Light attenuation

- Two beam tests, many a-source and cosmic runs in
Tsukuba, Japan

» Light attenuation much too high (~10x)

» Cause: ~3ppm of Water in LXe

+ Cleaning with “hot" Xe-gas before filling did not help
+ Water from surfaces is only absorbed in LXe

» Constant purification necessary

- Filter system works, attenuation length can be improved
with a time constant of ~350 hours

Jan 22+23, 2003 DESY Hamburg+Zeuthen 24



Purification System

Alpha particle events

o
IIII

o d=7.6cm

F\J H
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d=11.6cm

0 50 100
Circulator Pump

Works acceptable in gas mode, t = 350h
Should be much faster in liquid mode
Redesign in progress
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150

200

250 300
time [hours]
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Homogeneous Field

T}

Gradient Field
(COnstant-Bending-RAdius)

E\E%: ;\\E%:
Ultra-Thin (~3g/cm?2)

W\v/\i % superconducting

%= solenoid

with 1.2 T field

26
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Drift Chamber

- 16 radial chambers with 20 wires each

- Staggered cells measure both position and time
- He - C,H, gas to reduce multiple scattering

- Vernier pattern to determine z coordinate

@J

V4
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| Anodechar'ge leISIOh Tes‘rs successful |
Fast preamplifier with FADC (~200MHZz)
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Positron timing counter

jw /

Thin Superconducting Coil v \\ \
Muon Beam | Stopping Target i
—_— e http://meg.psi.ch/ I
\ .
¢ Timing Counter .
subprojects/tcount
Drift Chamber N ‘g / proj / /
‘ 7\ |
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Status of R & D

+ Complete MC, much improved compared to original proposal
Beam line mode found with high rate and low contamination
* Positron detector prototype confirms 100ps resolution

* Large prototype LXe detector shows that originally planned
resolution cannot be reached (10-1% — 10-13)

Drift chamber seems to meet design goal

We are confident that the experiment can be made at the
10-13 level with current technologies

Start building full detector, develop electronics

Jan 22+23, 2003 DESY Hamburg+Zeuthen 30
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Kinematics i i =t
e el 03
Q—vavAvAvAﬂ y DH‘T |:| ::n:
i i
E. = 52.8 MeV E, = 52.8 MeV - -
L e . Lig. Xe

< Beam rate 108 -1 » Total ~800 PMTs

% Fast LXe energy sum > 45MeV 2x103s" « Common noise contributes

% v interaction point significantly to analog sum

< e hit point in timing counter * AC coupling — Baseline

< time correlation y — e* 200 s drift

% angular corrlation y — e* 20 s - How to evaluate 0,4 of
shower center?

Jan 22+23, 2003 DESY Hamburg+Zeuthen 32



sjpuueyo g

sjpuueys g

Jespo Yoo

Type1

1
l 100MHz 10bit

3.3V 2.5V
VME
Interface
EPGA (Cypress)
FPGA SRAM
FPGA Sy
LVDS
} FPGA
|5 D LVDS LVDS
48 bits output

|

n
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° ° °
Digital Trigger ez
|
| l LVDS
3.3V 2.5V
LVDS VME
LVDS Interface
VDS FPGA (Cypress)
I LVDS
LVDS FPGA SR
LVDS
LVDS
| FPGA SRAM
LVDS
LVDS VD
LVDS LVDS

 AllPMTs in trigger

* Board hierarchy with LVDS interconnect

- Use FPGA with double capacity

33



Baseline Subtraction

Baseline
Subtraction

100 MHz Clock

10 bit -~ -~
o o
-— -—
® ®
— —

Calibrated
Baseline and
subtracted i i

— linearized
@)
)
®
-

— — — I .
— )
T f -

op Ly Y
| &~ Baseline
I O |1 Register

<thr 3

|
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signal LUT signal

10x10

Uses ~120 out of

5000 logic cells
9

8 channels/FPGA
use 20% of chip

34



S

original
waveform

smoothed and

differentiated

(Difference Of
Samples)

Region for
pedestal
evaluation

\

1

A

\ 4

integration area
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Inspired by H1 Fast Track Trigger (A.
Schoning)

Hit region defined when Difference of
Samples is above threshold

Integration of original signal in hit region
Pedestal evaluated in region before hit

Time interpolated using maximum value and
two neighbor values in LUT — 1ns
resolution for 10ns sampling time

10ns
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Trigger latency

ADCHBS
ADCHBS} 2N
ADCH—BS S LA
ADCHBS
___Max\\\‘
Max///'
Tlns] 0 50 100 110

Per

10 stages = 1024 chn
120..200

220 230

=

Inter-board communication: 120ns
Total: 350ns (simulated)
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~600 chn. / 10 bit
At 100 MHz

— 75 GB/s
processing power
In 2 VME crates
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;5

1 ops

1 .1 W DOC§ 4t 34.008 ns kg 11.885 MHz

.z v s 8 B5/s
3 .5 s I 2 OC B.276\/

4 2w\ AN [ NORMAL

Signal-
Generetor ~ADC] — FPGA —DACI—e
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DAQ Requirements

n4 PMT ¢
sum
T 0.511 MeV
u—ey /
l 51.5 MeV
L—evvy
50 51 52 E[MeV] ~700ns t

(L—>evv)? +v

1 Y
A
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* v's hitting different parts of LXe can
be separated if > 2 PMTs apart (15 cm)

- Timely separated y's need waveform
digitizing > 300 MHz

- If waveform digitizing gives timing
<100ps, no TDCs are needed
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Domino Sampling Chip Principle

0.5-2 ns

\ Inverter "Domino” chain

IN

Waveform stored

Out
FADC 40MHz

Clk O— Shift Register

é "Time stretcher” GHz > MHz

Jan 22+23, 2003 DESY Hamburg+Zeuthen
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L'__: AHHL_
n Domino Sampling Chip
Existing: Needed:
- 0.5 - 1.2 GHz sampling speed - 2.5 6Hz sampling speed
- 128 sampling cells - Circular domino wave
- Readout at 5 MHz, 12 bit - 1024 sampling cells
~ 60 $/channel » 40 MHz readout
< 100ps accuracy
(W] ] [sodziotoumai: 100 e 21016]Ser: 17720 Tll w o

C. Bronnimann et al., NIM A420 (1999) 264
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Domino Ring Sampler (DRS)

O Enable

In

HE

HE -1+
HE -1+
HE -1+
HE -1+
HE -1+
HE -1+
HE -1+
HE -1+
HE -1+
HE -

* Free running domino wave, stopped with trigger

- Sampling speed 2 GHz (500ps/bin), trigger gate
sampling gives 50ps timing resolution

+ 1024 bins — 150ns waveform + 350ns delay

Jan 22+23, 2003 DESY Hamburg+Zeuthen 42



Tmm

.
.
== == T T W s =T

mErr
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+ 0.25um
Process

- Radiation
Hard

- Single
Channel

- 768 cells
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ests

Run

- o = ’ ib,
. o‘ﬁl‘_)"l‘“t‘ 9 P e
. . s|gousc|

QNS
L

M2.00us A 4 340mv

3 Dec 2002
5.00000us 14:36:36
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Test Pulse Readout

) Tek Stop | ii i .
LA 40.0mV EARERRERERE AEERRERERERRDAREEEREARERERREREARER :
T @ —-120mVy i : : : : " : : : : PERCH

1A 100ns
i 73.6ns

140my
1.30V

5.00Ms
4.84us

“M[2.00us| A ch1 5 g6omv
Ch4[ 1.00 V<7 |

i1+~ [9.96000ps

Chil 1.00v & £h2[ 100V & M40.0ns| Al Ch1 & 960mV,

@B 1.00vQ/chd] Tpove
>~ [176.000ns

17 Jan 2003 Ch3
13:37:18

17 Jan 2003
13:31:117

12ns

Input pulses Limited by readout cirquitry!
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sl

Domino Wave Stabilization

§ Phase and Frequency Stabilization

HF—-1H
HF—-1H
HE—~4H
HF—-1H
HE—~4H
HF—-1H
HF—-1H
HE—~4H
HF—-1H
HE—-1H
HE—~4H

g 1 1 e 1 e e 1 e e
vspeed
External DLL
Common O—
Reference
Clock
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| Trigger Signal Sampling

domino wave

|
— ] |
I | NN NN NN (NN N NN NN NN NN N N | I
I | NN NN NN (NN N NN NN NN NN N N | I
_g,) I | NN NN NN (NN N NN NN NN NN N N | I
3 I | NN NN NN (NN N NN NN NN NN N N | I FADC
g- | T T T T T T T T T T T 1 I I O
w I | NN NN NN (NN N NN NN NN NN N N | I
—— I
| NN NN NN (NN N NN NN NN NN N N | I
| NN NN NN (NN N N NN NN NN N N | I
|_:_ I
Jf [NENANRNNAEETSN I
_____________ o
: shift register
trigger MUX
gate
46



DAQ Board

* 9 channels x 1024 bins / 40 MHz = 230 us — acceptable dead time
- Zero suppression in FPGA

* QT Algorithm in FPGA (store waveform if multi-hit)

- Costs per channel: ~25% (board) + 6$ (chip)

domino wave

VME
I nterrace
[ T T T T T T T T T T T 1 | (IC;PrrfeSS)
I T T T T T T T T T T T 1 | FPGA
-lg [ [ T T T T T T T T T T T 1 | 40 MHz 12 bit
o | [T T T T T T T T T T T T I
c —1 [ i
- | [ T T T T T T T T T T T 1 | SRR
e 0) I [ T T T T T T T T T T T 1
I [T T T T T T T T T T T 1 : FPGA SR
—
] T T T T T T T T T T T 1 | :
trigger [, . | FPGA T
l Board
gate || mensEessses =
_____ H Y _-_ N I Trigger BUS SRAM
shift reglster SRAM T (2 level tr.) T
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“Redefinition” of DAQ
Conventional New
AC coupling Baseline subtraction |
gizrc];itr.nli:nr:g[ r DOS - Zero crossing DRS ~GHz
TDC
ADC Numerical Integration 100 MHz
Scaler

Bin interpolation (LUT)
Waveform Fitting

- Scaler (250 MHz) Scaler (50 MHz)

TDC

SRAM

Oscilloscope Waveform sampling

400 US$ / channel 50 US$ / channel
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| Cryogenics Design

| NGULATION _(POLYFDA

QO k377 .

y (| | | DD
i f i
00 ’

EVERLOAD

[ FAlLuee (TLIF. PRLE

[ STATUG (ON/CFF)

¥AQ

]
f ' E
1 h o abs
-
B |mire I
M —
'
g‘i . " hinct= VA DORT o
: @]
-
b

[CameneTER ) Lo
4
/ '
Vi A P T - ] t:'ie Eﬁ' i:‘ ;': im:_‘ li.;ﬂ.‘ |
AI I | I l # 11 | = =] 5 LR L
wn] o n_E & e |nes|am]| Amummms=cy saeN ofP |5 3] 100208310 AN
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Slow Control

Temperature, pressure, ... Valves
[ ]
EEN QI o o o
000 EEN ° : ° : ° : ° : _
J | | | | Terminal Server
N T . PLC ‘
Q o Z
&) (/) o
PC © ;
—— |
s 277 | [15° C]
S E |
I
[ heater
| MIDAS |
DAQ
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HV
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Slow Control Bus

Temperature, pressure, ... Valves

X X
=

heater

MIDAS
DAQ
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Field Bus Solutinne

ANALOG MicroConverter™, Multichannel

: DEVICES 12-Bit ADC with Embedded FLASH NCU
. CAN, Pr'OflbLlS, LON | ADUCB12 |

FEATURES APPLICATIONS
ArAl O U0 Intallinans Camensn (

IEEE 1860 2. Compatibla)

avai la b I e F CSOSTRO00/1/2/5067

\ C8051F010/1/2/5/6/7 ™™

° Node Wi-‘-h ADC >IOO$ m:mmmm _\]iwd-ﬂignal-nlkl{Isl’l-'l,..\..‘-s'll\l(\'l‘"-l-l‘:mlil_\'
- Interoperatibility not L R

=  SARADC
.1z g

1
%
L
E
[
¥

guaranTeed 12-bit DAC o %" — jJ Mmﬁ()?fa‘:;u i

» Protocol overhead | R =l ntAnvwesran |
4o -5 .:Ql@ J@
- Local CPU? User )

~ Typicsl Cpersting Cusveni: 12 5mA & H0He
st Modes

- Muhipk Power Savisg Slec and S
&d-Pin TQFP, 48-Pin TQFF, 32-Pin LOQFP

IO e
ANALOG PERIPHERALS DIGI'I'AI_.UO
q|

o
3 |

RESET

prog rammable? ' omm—m—— J 5

- How to integrate in HV?
(CAEN use CAENET)

21 SAMNITY
INTERRUPTS | CONTROL

[RIRERINIAnEnEn iR nininEn i nin
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Generic node

ADuC812 / C8051Fxxx Micro
controllers with 8x12 bit ADC,
2x12 bit DAC, digital IO,
8051 uC and Flash Memory

RS485 bus over flat ribbon
cable

Powered through bus
Costs ~30%

Piggy back board for signal
conditioning cards

www.cygnal.com I

Jan 22+23, 2003 DESY Hamburg+Zeuthen
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2 Versions

BUS Oriiented

Generic node with signal conditioning

RS232 node with protocol translator

PC connection to parallel port (USB planned)
Integration on sensors, in crates

Crate Oriented I

19" crate with custom backplane
Generic node as piggy-back
Cards for analog IO / digital IO / °C / 220V

Used in 3 experiments at PSI

Can be mixed
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LPT ‘ History | Gontrol | test |
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idas Slow Control Eus

256 nodes, 65536 nodes with one level of repeaters

Bus length ~500m opto-isolated

Boards for voltage, current, temperature, Digital IO, 220V
Readout speed: 0.3s for 1000 channels

C library, command-line utility, Midas driver, LabView driver
Nodes are "self-documenting”

Configuration parameters in EEPROM on node

Node CPU can operate autonomously for interlock and regulation
(PID) tasks (C programmable, floating point library)

Nodes can be reprogrammed over network

http://midas.psi.ch/mscb
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HV System Design

vV, +
* Cheap and stable (<0.3V) HV system 2400V %
- Regulate global external voltage
- Use series of opto-couplers \
- Compensate non-linearities of opto-
couplers by regulation loop \
- ADC and DAC from slow control .12 tlmes

node
ADC
Vout
0-2400V
DAC
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HV performance

Regulates common HV source
0-2400V, ~ImA

DAC 16bit, ADC 15bit
Current trip ~10us

Self-calibration with two high accuracy
reference voltages

Accuracy <0.3V absolute

Boards with 12 channels, crates with
192 channels

30%/channel (+ext. HV)

Prototype
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Current Status

R & D is going well, we are confident that we can do the
experiment at the 10-13 |evel

Assembly of main experiment has been started
Physics runs expected in 2005

Innovative electronics useful for other experiments
- FPGA-based trigger with 100MHz FADC

- 2 6Hz cheap waveform sampling

- New slow control system MSCB

= [plimegpsicn ]~ —
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