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The updated world best limit on B(u* — e* + vy)
The MEG drift chambers

The MEG2 experiment

The new MEG?2 drift chamber

The Mu3e experiment: HV-MAPS tracker
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An ambitious proposal at a very early embryonic state:
CIRCE and its tracker
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Charged Lepton Flavor Violation

e

. 10 10 10 10 10
History of u — ey, ulN — eN, and u — 3e L —> e/y s f ‘
‘ >
1F 2
= e &
= e - . du < 10° 107" 10
= n v yp—e W | !
3 10° |— " / ‘;’ %‘ ! mw—> e
F v ev o [L— 5€ o | |
10° i i, = uN —eN 2 ':: [
B (] ey
107 |— g '1 —54 o [ i
= A4 B(}L = 6”)’ § ;u ez MZZ ~ 107" b 5x10 “ 2 ]O—lﬁ |
10° | 4' ye." L ——————
a o . ... | | oaeisni K Mn —7 eee
- v S
107 K20 Sy 5x107" N
E ° 3 > . Wv' i3 Sindrum
10— V¥ MEG Upgrade 2 \ =S ol
— MUSIC @ X X K °
107 = phases © m T ‘
phase - 1L _ m ¥ "
— Mu2e, COMET ® LcLpy = ————— RO e F'* + h.c. | 1
1077 | (k+ 1)A2 H J_-;xc‘.uded ‘
|— Project X, PRIME %
P\ S ITEFEIFE ISP NPT PSR ISP IPEEN SPPSI IUI AR K - =
1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 +—A2u1/ypef, (6'}’ 6) -+ h.C.
Updated from Bernstein and Cooper, arXiv:1307.5787v3 [hep-ex] 13 Jan 2014 Year ( KJ)

B( M'I' 9 e+ + Y) < 4 o 2 x 1 O' 1 3 90% C . L . de Gm‘lf”e; and Vlozel (2013), a;rXiv:I303.‘A3)97 mep-ll}?]A ,\10
[Eur. Phys. J. C (2016) 76:434]

For a comprehensive and updated review on the subject, see:
1st Conference on Charged Lepton Flavor Violation - 6+8 May 2013, Lecce (Italy) [Nucl. Phys. B Suppl., 248-249, April 2014]
2nd Conference on Charged Lepton Flavor Violation - 20+22 June 2016 Charlottesville, Virginia (USA) [to be pub.]
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1.4 MW Proton Cyclotron
at PSI

Unique facility for
1 physics at PSI

Sy

provides world’s
most powerful DC
muon beam > 103/s

Switzerland %&“
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The MEG experiment at PSI
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Lig. Xe Scintillation

Lig. Xe Scintillation
Detector

——  Detector

Muon Beam
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Drift Chamber

Drift Chamber
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The MEG experiment at PSI

e
signal background
physics accidental (93%)
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B(ut — ety) < 4.2 x 107" @ 90% CL

based on 7.5x104 stopped muons on target (full data set: 2009-2013)
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MEG Drnift Chambers

\ chamber material
¥« (Kapton, Al, He, CHy)
N

~50um

= 16 chambers
=  Each chamber is composed of
* 4 x12 um of kapton (cathodes)

walanc
>~ ""“{"" anode readout

{0 ) < * —>— \/
* 50 um BeCu cathode wires L4 V . s K
* 25 pum NiCr anode wires / - =B A8

e 2x7+3mm He:C,H, (50/50) oo A
=  Single chamber ~ 2.3 104X,
= Fulletturn: ~1.7103X,

X | sense wire
0. potential wire
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Events /(0.01 cm )

Events /{005 cm)

MEG DC Performance

Corefrac » 0.8730 = 0.0057
Amean » 0.00970 = 0.00022 cm

@
o

>
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sigmaC = 0.02113 = 0.00024 em
sigmaT = 0.0780 = 0.0016 cm

@
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6
Psene 1Pt 1 €M)

CoreFrac = 0.9146 = 0.0083
2Zmean = 0.00050 + 0,00074 cm

sigmaC = 0.08016  0.00098 cm
sigmaT « 0.2198 - 0.0082 cm

DC-TC
matching efficiency

epc.tc = 41%
—_ 0,
€pC-TC,design — 90%
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radial coordinate
resolution

=210 um

= 780 pm
87%

200 pm

o'r,core
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1,tail
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0'1',design
longitudinal coordinate
resolution

O, core= 800 um

z,core

0'z,tail = 2100 um

frac. = 91%

O, design — 300 pm

vertex
resolution

Oy core = 1.110.1 mm
Oy i = 9.3%3.0 mm

frac. = 87%
o, =2.5x1.0 mm
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positron energy
resolution

OF, core = 330116 keV
Op, tai1 — 1.13%0.12 MeV
frac. = 82%
o =180 keV

r,design —

polar angular
resolution

Oy = 9.4%0.5 mrad
09 design — -0 mrad

azimuth angular
resolution

04, core — 8.4%1.4 mrad
O i = 3816 mrad
frac. = 80%
04 design — -0 mrad
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The MEG upgrade (MEG2)

MEG

1. \
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Upgraded
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Increase the number of
stopped muons on target
Reduce the target thickness
Reduce the tracker
radiation length and
improve on granularity,
resolution and efficiency
Improve matching DC-TC
Improve timing counters
granularity

Extend calorimeter
acceptance

Improve photon energy,
position and timing
resolution for shallow
events

New RMD conters

New DAQ for higher

bandwidth
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The MEG upgrade (MEG2)

TABLE XI: Resolution (Gaussian o) and efficiencies for MEG upgrade

PDF parameters Present MEG  Upgrade scenario
e* energy (keV) 306 (core) 130

e* ¢ (mrad) 94 53

e* ¢ (mrad) 8.7 3.7

e* vertex (mm) Z/Y(core) 24/1.2 1.6/0.7

y energy (%) (w <2cm)/(w >2cm) 2.4/ 1.7 1.1/ 1.0

y position (mm) u/v/w 5/5/6 2.6:[22/15
y-e* timing (ps) 122 84
Efficiency (%)

trigger ~ 99 ~ 99

Y 63 69

e* 40 83

Where W(iaX_/\_Til_lﬁ Be 4.0wu

%10 Sensitivity

4.2x10'1%

2012+2013
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2017+2019

Branching ratio
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—350 Discovery -

-90% €:L: MEG2 2

weeks
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MEG2 DC layout

e

Full stereo cylindrical d. ch. with large stereo angles

(102+147 mrad)

Redundant (N,;, = 60 on signal track)

Small square cells (5.8+7.8 mm at z=0, 6.7+9.0 at z=11/2)

Active length L 1960 mm
N. of layers 10
N. of stereo sectors 12
N. of cells per layer 192
N. of cells per sector 16

Cell size (at z=0)

5.8+7.8 mm

High ratio of field/sense (5 : 1) wires

Twist angle

+60°

Light mechanical structure (Peek end-plates, C-fiber outer

Stereo angle

102 = 147 mrad

cyl., Mylar inner cyl.)

Stereo drop

35.7+51.4 | mm

Innovative wiring procedure (feed-through-less)

Light gas mixture (85% He — 15% iC,H,,)

Cluster Timing readout capabilities (high bandwidth, high
sampling rate) for improved spatial resolution
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Radii z=0 | 57,
Guard wires layer 170.7 | 197.1 | mm
First active layer 174.5 | 201.5 | mm
Last (10™) active layer | 242.0 | 279.5 | mm
Guard wires layer 246.0 | 284.0 | mm
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MEG?2 DC wiring

e

» A larger field to sense wires ratio (5 : 1) allows for thinner
field wires, thus reducing the wire contribution to multiple
scattering and the total wire tension on the the end-plates.

» Large field to sense wires ratios and small cells, on the
other end, imply high wire densities and, because of the
reduced wire spacing, prevent the use of feed-through.

» Large number of wires, anyway, require complicated and
time consuming assembly procedures and, therefore, they
need a novel approach to the problem
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DC stringing: the old way

The Old Way The KLOE Drift Chamber

The Three Moigou (Fates)

Kove 45 m> > 52,000 wires He/iC,H,,

?",
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DC stringing: the novel way

ATROPOS

KLOTHO LABIRINTH

Spinning the thread Cutting the thread The Extraction System
coil, clutch, wire spool laser solder system S :

LACHESIS

, THESEUS
Winding the thread == The wire handling
cy]index wire PCB

o — -\ stem
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MEG2 DC EndPlates

—e—

- ”- end-plates sense wires
‘ﬂ PC boards
spokes (16 cells)
structural
removable
shaft

wire tension
compensating
wheels

fiducial
reference
edge

NC machined
peek spacer
(% cell thick

1 sector wide)
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board on the wire on the

Aligning the wire 2N JPSW.4 Winding the
spinning drum | — spinning drum

fixed pulleys
"‘.
‘Wire tension set up with a real time strain gauge
feedback system on the spooling el. mag. clutch

Wire Tension distribution

.
Entries 5243
Pad image :
= - AMS 0.5679
I'CCOgIllthIl y é 12001 constant winding speed || 22/ naf 977.7/55
= 5 E 32 wires Prob 0
and contactless sioF- Comiant 1144 £247
C Mean 24.53 £0.00
IR laser - Sigma 0,150 =0,0023 |
600 —
800— . .
+ deceleration phase | acceleration phase
B last 2 wires first 2 wires
400 (discarded) (discarded)
200— \ /
= . il L N
21 22 23 24 25 2 27 28 29
- / Wire Tens [g]
_w \ Mean Wire Tension vs loops of Anode Mean Wire Tension vs loops of cathode
- | ¥t ndt 34057 x/nat B361/14
g Eosr ;”" 0.0033 o s Prob 6.010-012
Sy . 2428+ 0.0021 £ . po 29.34 + 0.002287
e - 16 sense wires =29 ; 16 field wires
dual safe ' 1
o & 2 £ 7
soldering Y B : 2 , ; v
N oPH + ! - 1 11, ! + = 23— L4 = L ST e .
8 s P § I ¥
S I wa-t ¢ :
i
L 0.1g P 0.1g
2418
o z ¢ G s 0 12 e 5 5 2 T DO 3 0 2 e
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MEG?2 DC ermg

Lifting the wire
PC boards with

' - d1ng the

ulti-wire layer

€ storage frame

b 0.003153
onstant  0.8304 £ 0.05305
60.12 0.1042

L]

147273 |
0002073
910+005 £ 338.7
1648201761 | 0

1922 1823 192¢ L
Vire
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Stormg the mult1-w1re layers
for visual inspection and
wire tension measurement

Chamber accuracy

stereo angle < 35 prad
wire position on PCB pad < 25 pm
cell width (wire pitch) < 1pm
cell height (spacer) < 50 pm
wire tension < 0.1g
PCB offset vs spoke < 50 pm
chamber length < 200 pm
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MEG2 DC Assembly

e

wire PC Boards
are lifted up by
adjustable arm ...

... and presented to
the end plates moved
closer by a few mm

A pressure At completion of each layer (12 sectors), the end plates are
moved away to the nominal length. The layer radial

sensitive tape : ) )
12 coordinates and the tension of all wires are then measured.

holds them 1n

the correct After last layer has been mounted, the outer structural
position above carbon fiber cylindrical shell is placed and the inner shaft
is removed. The end plates are sealed, the inner mylar

the peek spacer. cylinder is mounted, together with the extensions for the FEE

=W
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MEG2 DC Spatial resolution

e
Slngle—h1t I'€§OhltiOI’l measured Intagrated on all impact parameters
with three different prototypes. s S e b ek
Results are all in agreement, z,oooi | S e
yielding a resolution of about 110 s [ S 0.07781:£/0.00310
um averaged throughout the cell. iy

i 6 =106 pm

Further improvements expected E (HeAC,H, = 85715)
thanks to the implementation of a “F arXiv:1605.07970
wide bandwidth front end 200}
electronics allowing for the L | | Woryy
exploitation of the cluster timing S

technique.
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MEG?2 DC Expected Perf.

. window =~ ° . 3D
track finding
and fit

single cell rate per cm along wire from Michel Events at 7e7
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0.4

(4
©
o

14
w

laver

=
N
a

ccupancy

barg

digcard shqﬁ seg:ﬁn; (
o » full track fit

s and i%ol_aféd, hﬁs

(4
=5
[

o
=

TTTT

=
o
a

v e b v e e b e e e B

cell hit probabilty from Michel events in 250nsec(7e7 rate)
o
n
@)

)
ST

10
layer number



MEG?2 DC Expected Perf.

300

hSignalPhiFitinr

Entries

.2 mrad

Q
<

250

Mean
RMS
%2 / ndf

200

Prob
Constant
Mean

Sigma

5902

0.0001461

0.01759

776 /223

0

2504 £ 5.4

0.0002136 + 0.0000896
0.006166 + 0.000098

$
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250 ) R 0.01803
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theta-theta,, ., rad

efficiency to find 0.6nhits at 1 turn

o -
@ 0.96F
o u
£0.94F
[} - T
0.92F ek 1L |
0.9F | THH -1k
= l ' J:“
0.88: i l_ 4]
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p gl
& B~ 00 DO SR SO
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cos 0
x?/ndf<10, Nhits>=20, spx
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o Entries 9999
500— | Mean 50.58
- RMS 6.126
B — Q) ; %2/ ndf 290.7 /37
aoo- 0, = 93.4 KeV/e § 120 207157
L Constant 400.1+ 84
r Mean 52.82 + 0.00
3001 Sigma 0.09341 + 0.00141
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MEG2 DC summary

S o Cuee

MEG MEG?2
single hit contribution to m.s.  2.3x10* X, 4.6x10° X,
transverse position resolution 210 pm 106 pm
e* momentum resolution 330 KeV/c 94 KeV/c
e’ 0 angle 9.4 mrad 6.2 mrad
e’ ¢ angle 8.4 mrad 6.5 mrad
e’y vertex 1.6 mm 0.9 mm
e’ z vertex 2.5 mm 1.1 mm
DC—TC matching efficiency 41% 89%

Ngie =Ry XT XQXBXe Xe X6

[
TEMEMBEI! |y« &} x AF, AP, x 403, x ey xT
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grot®

sNu3e Experiment at PSI

Mu3e Research Proposal, A Blondel et al., arXiv:1301.6113

Search for lepton flavor violating decay
+BR(u* — e*ete ) <102 (SINDRUM 1986)
~BR(p* — e*e*e’) <10 (phase |, PIES beamline)
+BR(N* — e*ete ) <10'®  (phase I, High Intensity Muon beamline)

Requirements:

@ 108 — 10°muon stops / second
@ electron energies < 53 MeV
+ multiple scattering dominated
@ high precision silicon pixel tracker
= relative momentum resolution < 1%
@ scintillating timing detectors
+ 100-500 ps resolution

Mu3e Solenoid B=1 Tesla

Mu3e Detector
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S\'&des goe“.‘“%

e Mu3e Design

B il ™
F - = i
Recurl pixel layers \\ \\
_ N F
Scintillator tiles Inner pixel layers \ F
—
———¥& pBeam Target ¢
J
Scintillating fibres
I ) 1 1 1 O 6 i i
kY L

\ /// Outer pixel layers
%

Main technological Challenges
» Large area (1m?) monolithic pixel detectors with X/X; = 0.1% per tracking layer

@ Novel helium gas cooling concept

@ Thin scintillating fiber detector with = 1mm thickness

@ Timing resolution 100-500 ps

¢ Filter farm reconstructing and processing 108-10°tracks per second
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High.Voltage Monolithic Active
" Pixel Sensors (HV-MAPS)

|.Peric, et al., NIM A 582 (2007) 876

transistor logic embedded in N-well
(“smart diode array”)

MuPix HV-MAPS for Mu3e

@ active sensor — hit finding + digitisation + zero suppression + readout
@ high precision — pixels 80 x 80 pm?
e total thickness ~50 pm (~ 0.0005 X,)

@ standard HV-CMOS process, 60-120 V — low production costs
@ continuous and fast readout (serial link) — online reconstruction
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SEV-MAPS Beam Test Results

Test beams
performed at: §§
¢ CERN
© 50 um ¢ Psl
1 E thickness ¢ DESY
¢ MAMI
readout
< periphery

e continuous readout

« serial link: 1.25 Gbit/s Efficiency and noise

= = —1800
= g Ll e — =5
° 2 Frenmuusuvimsssavne s e R g 2IAPNR PO D s D =
up to 33 Mhits /' s : ok g RN
— ¥ - g » " w 3 2
- effciciency 100 &
0.9 = g
E —j1200 ¥
0.85— . 8
= —4{1000
08— —]800
0.75;— & —600
07E- noise —j400
B 00 =
065 o 200
= & o o © coooooooco o0F =
“I....‘P....(P....I....l...‘I....I....I....I‘.._O
0.7 0.71 072 073 074 075 076 077

0.78
Threshold [V]
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33§E°"f‘“%totypes for Pixel Tracker

Ultra-thin mechanical mockup: _Silicon wafer of 50 ym thickness

e sandwich of 25 ym Kapton®
* here 50 ym glass (instead of Si)

Flexprint by LTU Limited (Ukraine)

* thin two layer aluminum/kapton
compound

Mu3e Test Flex V01-Bottom Layer 16/07/2016 “
j = | =

Layout of module:

* HV-MAPS Sandwich Structure
* Flex print %—
'+ Kapton Frame

X=0.1% X, per layer possible
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Swde

nds® *S“égintillating Fiber Tracker

~12 cm

~ 36 cm

§imu|ation if fiber array response

@ 2-3 layers of scintillating fibers @ =250 ym

-~ Readout by SiPM arrays (Hamamatsu) and
custom made ASICs (MuSTic chip)

-+ 100 nm Al coating by evaporation method
(no TiO, to reduce radiation length)

X hi!p;:s [mm]>

F.Grancagnolo - CPAD2016 28 08/10/16



Prototypes

Single fiber time resolutions

2 ;_ g RMS = 3.633 +0.014
q 800 Charge Spectrum 1000 Entries = 32272
- ; s fract = 0.7464 £ 0.0090
L for square fibres, - widih1 = 2216 + 0.025
600; AND Of both SiPMS, o width2 = 6.100 + 0.083
B 600
g N > 0.5 0n each
500 pe i
i side
400[—
E 200
300F \
200-;_ J 50 60 70 80 . 20 100 Afins]
1003— W 2 oo *
\:-lll‘ll'llI[llllll”‘l“l‘?“lMM-IA[IJJ-IIIJLI %:7(”':*Squared
% 5 190 B 220 25 30 35 #0 g
Nphe = g~ 750 pPSs
Double layer square wof-
fibres, AND configuration, o0t
N, > 0.5: 93 % efficiency -
"1;5"’ s 0 "

10
t,-1,/2 (ns)
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«Wu3e Experimental Status

» Technical Design Report end of 2016

» Detector construction will start in 2017

» Delivery of solenoid magnet mid 2018 (Danfysik, Denmark)

» Commissioning of two inner HV-MAPS pixel layers in 2018
» First physics data (Phase I) in 2019

Mupix beam telecope
in July 2014 at PSI
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How to improve?

Ngie = Ry XT XQ X B X €, X € X €
Nace % R2 X AE,> X APe X A®F, X Atey X T

Variable Design Monte Carlo Obtained

R, =3.3 x 107 /s
T Eur. Phys. J. C (2013) 73:2365 0O =11%

ok, (keV) 200 315 306 @ E ( 2/377’ 4/3]7)

Resolutions

2

Op, (mrad) 560,50 8(#).9C)  9e), 9G)
Oz (mm) 1.0 29GeV100%)  24(z)/1205e) |cos6| < 0.35
oy, (ps) 50 65 102

Photon (y) EV = 63 %

ok, (%) 1.2 12 1.7 — 0

o, (ps) 43 69 67 ge 40 /O

U(u./,uy) (mm) 4 5 5 gs = 65%

oy, (mm) 5 6 5

Combined (e-y)
O, (PS) 66 95 122

AE, =1.7% =900 KeV

A 21 A

oo, (mrad) 11 16 17 APe = 306 KeV
Efficiencies A@ev - 1 7 mr ad
€ (%) 90 40 40 e

& (%) 60 63 63 Atey =122 ns

€urg (%) 100 99 99
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A suggestion: CIRCE

Se—

A -
T YOrE T % Consider a large volume solendoidal magnet,

52 COL such as the KLOE coil (active volume 2.45 m
radius, 3.8 m length) run at 0.6T.

Cryostat

W2\
S.C.. COIL

Fill it with a low mass cylindrical drift
chamber, subdivided in concentric stereo
) § super-layers separated from each other by a

thin shell of photon converter made of
Tungsten.
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The drift chamber

P
g

Inner chamber radius = 10 cm
(Puin = 9 MeV/c)
to allow for vertex detector

Outer radius R = 245 cm

15t super-layer up to R = 60 cm
to fully contain p, < 53 MeV/c
100 £ stereo layers radially

Successive super-layers of

16 stereo layers of increasing
cell size (from 0.8 to 2.2 cm)
separated by a radiator shell
to track electron pairs from
photon conversion

Length to be optimized to
minimize
occupancy of inner layers



The vertex detector (Mu3e like)

.

80 um X 80 um
(occ. < 0.5% for 107 u/s at 10 cm)
(3 us double pulse resolution)

Only 2 layers
no standalone tracking required.

16 cm long
to match drift chamber acceptance.

7 x 10° pixels/layer
no standalone tracking required.

_ Total of 2 x 103X,

chamber
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The photon converter

F.Grancagnolo - CPAD2016

35

A 53 MeV/c p, track leaves
> 400 hits per turn

in the first super-layer
Momentum resolution

dominated by mult. scatt.
Ap./p, = 2x10*

Many kinematical constraints:
Ae, =300 KeV
(to be checked by MC)
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The scintillating fibers

300
um

One readout unit = 16 fibers = 2 mm 250

+ stereo angle

scintillating fibers

1.5
mm

W converters

— stereo ano%;(leo/lé




Expected performance

SRS

Ngs =R, x TxQxB x¢g x¢g, g

kag
MEG
R, =3.3x 10" u*/s
Q =11%
£, =63%
&, =40%
&, =65%

AE, =1.7% =900 KeV
AP, =306 KeV

AO,, =17 mrad

At,, =122 ns

oc R2xAE2 x AP, x AO, 2 x At,, x T

CIRCE
R, =3 x10°u*/s
Q =90%
£, =80%
&, =90%
&, =65%

AE, =0.6% = 300 KeV
AP, =150 KeV

AO,, =2 mrad

Ate, =200 ns



Expected performance

SRS
N,, X 200
kag X (0.05 (uncorr,) + 0.30 (corr.))

Sensitivity, in principle, can be improved by
almost 3 orders of magnitude down to

2 x 1015

with a X3 less background.



Conclusions

.

R Strong motivations for an upgraded MEG experiment aiming
at setting an upper limit B(u* — et +y) <5 x 1014,

«® The design and the performance of the new tracking system,
among the other subsystems, are crucial to reaching this goal.

@ On the same beam line at PSI Mu3e experiment is being ready
to demonstrate 1its capabilities.

@ A new approach at improving the sensitivity for ut — e* + vy
has been presented.
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Additional slides

.
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MEG?2: Liquid Xe Cal.

—oter—
higher granularity in front face: => finer resolution, higher pile-up rejection
Upgrade ST
041 present depth<2em
0.35 24% —>1.1% 3
0.3 =

nt— L ! i L A i n 4
48 50 52 54 56 58
Energy [MeV]

Large UV-ext SiPM .
5 ' Developed UV sensitive MPPC

(vacuum UV 12x12mm? SiPM)

position resolution [mm]

Detector under commissioning i* .
(calibrations by end of 2016) X

5 0. 15
depth from window [cm]
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MEG?2: Timing Counters

—ERxe—
Hit time measurement with multiple hits in

segmented timing counter (S1IPM readout)

High rate tolerance, better timing resolution o ~30ps

sk Rk Gradient
\' ,"“ \ r'/ / / ’\I\\ N/ y
N / ’,(\. /’}(/ ,:-(IA\\

. Magnetic
W/ X/ \ \
old MJ i

"‘*\Eield

Installation
completed
| by end of 2016
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MEG2: RMD Counter

el

LXe detector

constructed

Ready!
v from RMD' RDC

| e* from RMD I
Muon beam L A

; "'-..(_Accidnetal et from Michel)
| Drift chamber :

Timing counter

~28% sensitivity improvement by tagging gamma-rays from radiative decays
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MEG?2 DC layout
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wires ratio 3 : 1
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MEG2 DC Cluster Timing

drift tube

sense

s
wire ey,

extreme solutions

as defined by the

first cluster only
!

real

trach

onizing
track

~“equi-drift”

From the ordered sequence
of the electrons arrival

0.025¢

0.02} -

. s g acquired reconstructed

times, considering the . .
. : : signal signal

average time separation 0015t r| :
between clusters and their 1 ‘

. . . 2 0018-: '

time spread due to diffusion, % |

reconstruct the most s | B \
probable sequence of clusters : & W I

) . . 5 wd ALY A )
drift times: ('} i-1n, lW . il
acas | i i ,
. 0 1 2 1 0 1 2
timex 10
For any given first cluster -
. . E P b

(FC) drift time, the cluster = & |Legend

e o . . gl 0.5— { — W2
timing technique exploits the 2 "= | MPs
drift time distribution of all £ i N First cluster
successive clusters to g [. | —"sitamating X
determine the most probable < ool - U
impact parameter, thus - ]i?lr“
reducing the bias and the 02— /- I
average drift distance - ;
resolution with respect to e Ty
what is obtained from with e e .
the FC Only 0 05 1 1.5 2 25 3 K [m?n?
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