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A short history of TPCs

Invented 1974 by David R. Nygren (Lawrence Berkeley Lab) and used in the

experiment PEP4 at SLAC (1981) CCDs to store analog signals
Other experiments with a TPC in particle physics:

TOPAZ experiment at TRISTAN (1987), KEK Tsukuba, Japan

Early CDF experiment at Fermilab: vertexing (1987)

LEP collider: ALEPH, DELPHI (1989) flash ADCs
Almost identical
Heavy ions: Wire geometry
EOS @ LBLN (1990) switched capacitor array (SCA)
later at AGS, Brookhaven and Fermilab
NA35 (1988), NA36 @CERN flash ADCs
CERES (NA45) @ CERN (1998) radial drift
NA49 @ CERN (1992) switched capacitor arrays
STAR @ RHIC, Brookhaven (1999) SCA, later low power CMOS ASICs
ALICE @ CERN (2000) low power CMOS ASICs

Neutrino physics:
T2K (2003)
Liquid Ar TPCs: ICARUS, MicroBooNE, DUNE
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Magnetic Field (measure particle momentum)

Working principle of a TPC

Field cage
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Electric field (electron drift)

Multi-wire proportional chamber (0V)

Drift gas
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Signal generation in a multiwire
proportional chamber with pad readout

charged particle track

drifting electrons from
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Signals induced on pad plane by back drifting positive ions (not electrons!!)
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Drifting electrons: diffusion, Oxygen
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NAG61 drift fields

Oxygen levels have to be low (< 5 ppm) to keep electron attachment to O low,
especially in the presence of CO,
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Signals of one pad after digitization
and zero suppression
(NA49 online monitor)

m
Jod
c
S
o
O
O
(@]
<
)
S
S
k=
=
S
<

luJ.JJ_L ‘ P

Row: 20 Time Slice: 1 STice 500
Pad: 165 Pulse Height: 0

Drift time of electron cloud
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Calculation of position

100 -

B8O

Pulse height

For each pad-row:

1 Identification of clusters: signals close in time and space

2 Projection onto time axis

3 Projection onto pad axis

4 determination of centroids - X, z coordinates
(alternatively: 2-d Gauss fit)

5y coordinate: center of pad-row

Main feature: very good position resolution (~150 u) even with relatively
wide pads (~5 mm)
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Calculation of position, tracking

Pad direction (x-direction):
Information from several pads is combined (summed over time bins) and the center
Of gravity (weighted mean) is calculated.

Time direction (y-direction):
Information from several pads is combined ( summed over pads) and center of gravity

Is calculated

The third coordinate (z-coordinate) is simply the center of the pad (in longitudinal
Direction) equivalent to the position of the pad-row

The last step is then the to combine the track points to tracks. This is done starting from
The low rack density region and searching for clusters in the direction towards the target

In a reasonably defined cone.
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Drift lines of electrons
Gate closed

The gating grid

_ Gate wire plane
U= 100V, AV=+- 007

Cathode wire plane

_Anode wire plane_
o +1350V £

e

Drift lines of electrons
Gate open

Different way of presentation:
drift lines of electrons/ions

Garfield calculation for OROC
chambers of ALICE (no field
wires — larger signals on pads)

Drift lines of 1ons
Gate closed

Drift direction [cm)]

. Pad plane
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Gate open

lon blocking of gating grid:
~ 107

Side remark:
for GEM readout it is ~5x10°
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Gating grid pulser

Principle of operation:

triggec zignal |

off et

o ltage
time Rising and falling
edge ideally should
cancel

Badly tuned pulser causes noise in the first
couple of time bins

ONE THING TO BE CHECKED BY
SHIFT CREWS!

02.11.20 Rainer Renfordt

200M | Row: 14 Time Slice: 1
] - Pad: 1 Pulse Height: ©

Slice Dy

Introduction to TPCs

11




Dead time due to ion drift time to
gating grid

g
NA61 aims at trigger
rates up to 1 kHz

"1 lon arrival time distribution
Ar/CO, 90:10
Vg=-150V, AV =+150 'V
cathode and field wires
pad plane

gating grid
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This requires that thel 072
Positive ions arrive
Within 1 ms at the gating
Grid

1073

GARFIELD simulations
Show that there might
be a problem 104

Tests with high intensity
Beam and 1 kHz gate
opening/closing -,
Frequency showed nﬁ)0
problem
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Dead time due to 1on drift time to
gating grid(2)
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NA61 TPCs

Vertex magnets

MTPC-L
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Construction of the VTPCs

Readout Module
72x72 cm?

4600 pads Support Su pport plate
44444 J T (readout chambers)
/ i \’_‘\: :\’_: i
I [ 1 [T I
I;.V.d : = = — 25 um aluminized
vider ' - K ' Mylar strips
[ I \I I\ [ R
: : ::Beam:: : :
/(ﬂ I 1 @ 1 I II
I [ \I I\ I I
o0 | A == =
frame : = = : 4 Mylar window
: == :
I I \I I\ I I
~ i
AN
HV-plane
Ceramic rods (Ti coated) N
35 um Cu-foil

- Honeycomb

Fiber Glass — Epoxy
Profile

This design allows very light construction:
Cu - Be Hook multiple scattering is minimized

Ti— Layer

Optimized: strip width and strip distance:
Field leakage and HV stability

Aluminized Ceramic Rod

Mylar Strip
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VTPC (before beam pipe):

looking along the beam

direction

field cage is split into two halves,

the beam area is outside the field

cage
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VTPC now with He beam pipe

- to reduce interactions between beam and chamber gas

- less delta electrons

— double walled to avoid He leakage into VTPC

- slight overpressure in insulating volume to
keep the tube straight

— no distortions by potential charge up since placed in
between the field cage half's

02.11.20 Rainer Renfordt Introduction to TPCs 17



MTPC field cage
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Inside the MTPC

e
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MTPC chambers are first inserted through the opening, turned and then pulled
back. O-rings provide the sealing.
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- e

N VTPC chambers are inserted from top
and sealed with RTV (silicone)

T Somewhat controversial in the community due
- | | To the potential danger of causing aging
Extensively tested (H.G.Fischer) and proven
% To be no problem (for the RTV brand used!!!!)

[}

_H_‘“Q_'_'—"—‘_B_—‘_'_

|
\L‘x Chamber body
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NAG1 TPCs: overview

VTPC-1 VTPC-2 MTPC-L/R GAP-TPC
size (LxWxH) [em] 250 x 200 x 98 | 250 x 200 x 98 | 390 x 390 x 180 30 x 81.5 x 70
No. of pads/TPC 26 886 27 648 63 360 672
Pad size [mm] 3.5 x 28(16) 3.5 x 28 3.6 x40, 5.5 x40 4 % 28
Drift length [cm] 66.60 66.60 11177 58.97
Drift velocity [cm/us] 1.4 1.4 2.3 1.3
Drift field [V/em] 195 195 170 173
Drift voltage [kV] 13 13 19 10.2
Gas mixture Ar/CO, (90/10) | Ar/CO5 (90/10) Ar/CO, (95/5) Ar/CO, (90/10)
# of sectors 2x 3 2%35 5% 3 1
# of padrows 72 72 90 7
# of pads/padrow 192 192 192, 128 96
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TPC readout
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23



Global readout architecture

PASA — ADC - DIG. ON DETECTOR COUNTING ROOM
\/ Front-end bus
................................. (200 MB / sec)
FEC 2 |
128 ch Detector Link
7, (100 MB /s)
- (#216)
- RCU-2 8
E Data = >
- ‘ Compr. =
n § H
—1
FEC 2 BOIRD z
[ — O
128ch  J=m 2 CTRL | |2 %
52 + S0
S L%) & % Slow — Control
FEC : TTCRX ~ (1 Mbit — serial link)
128 ch
Local )
Slow- Control TTC link:
Serial link trigger & clock
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New readout: front-end-card (FEC)

ALICE FEC - 128 ch
NAG61 FEC 8 & .
32 ch

S 02000 Js

R R R R R RN

GND 32 signals GND
Flexible Kapton

Cables with
23 copper strips
(traces)

34 pins

TPC connector
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Input adapters: final version

o —

i LU LR

F S F g F ST S EESEE S TS SEEEEESESESaSEsSES

The introduction of rigid adapter boards allowed
The introduction of a new feature:
a strong input protection (ESD)

In ALICE a lot of preamp/shaper chips were
damaged by discharges in the wire chambers.
This happened even though there is ESD
protection on the CMOS chip.
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Overview of readout electronics

B Most front-ends follow a similar architecture

N\S—_  0O|d NA6L: Old NA61:
-I Switch to discharge capacity SCA
|| Standard: resistor (Alice)

‘? E.....l.l.l.
:Analog

]
=
S
2

Lt (i)

1 1 | | L I i ] ]
BO B 100 = Q T 2000 300 400 S0 1IU|:| 1?‘.‘0 1“‘-’0
| [na) t {nal 1[n=)

® Very small signals (fC) -> need amplification
B Measurement of amplitude and/or time (ADCs, discris, TDCs)
B Several thousands to millions of channels

21-22 july 2005 C_deLa Taille Electronics CERN Summer School 2005 8

02.11.20 Rainer Renfordt Introduction to TPCs 27



preamplifier/pulse-shaper chip

PRE-AMPLIFIER SHAPING AMPLIFIER (PASA) MAIN FEATURES

Pl PN BANE EE

C,/IR,

N R,

(RC)*

02.11.20

16-ch Amplifier / Shaper

(PASA)
CMOS 0.35 um (AMS)

Area: 16.7 mm?
Power: 12 mW /ch
Gain: 12mV/fC
Noise: 400 e
Crosstalk:< 0.4%

Rainer Renfordt

ouT

CHIP LAYOUT

Introduction to TPCs
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ADC/Filter Chip (ALTRO aLice Tpc Readout))

PR b L L b

+

Baseline [ Tail S Bascline S 7.0 I
Correction _ Cancellation ggaar Correction Suppression Format rweiv Multi-Event (et

= _ I n Bu{fer
10- bit 11-bit CA2 18- bit CA2 11- bit 10-bit 40-bit 40-hbit
20 MSPS arithmetic arithmetic arithmetic arithmetic format format

8.5

BN WMAX SAMPLING CLOCK 40 MHz
BB  MAX READOUT CLOCK 60 MHz

16-ch signal digitizer and processor | *| 3 z

. HCMOS7 0.25 pum (ST) "1 %

. area: 64 mm? kR ‘g |
* power: 16 mW / ch g 5

« prototype delivery: Feb ‘02

« 300 samples fully tested "

« delivery of 4x104 chips: Dec ‘02 B
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Filtering in the ALTRO chip

FRONT-END SIGNAL PROCESSING

INPUT SIGNAL AFTER 15t BASELINE CORRECTION
o ' Tl T 15— ADC data - ' ' =~ output of the Baselina Substraction Unit
’ {i“ l : — basaline perturbation | zzxsupression thresheld
140 - i L | 1 140 { .=. @ .
0 l: lE] ﬁEVENTZ_ .Hf | EVENT 2

AFTER TAIL CANCELLATION AFTER 2" BASELINE CORRECTION

180 i ! ! : “=— output of the filter a : il | I Adi 'vsl Baseline Comection output
r ) ] ‘ ] [ | zemap:uprsssion threshold = |
140 - 140 - i :
' el 3 - EVENT2 o i * | EVENT 2
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Digitized signal of one pad

withotit.zero <tinpnre<s<ion
% \l\'liLI I\JULEL\JI\J UUPPIUUUIVII
T —:
g | —L
° r : : : :
0 f
160, Y N T N A B
g I
31401 S I T
(&) L 40 e P
0120 ' | 1 s 1
Q i i
<100 | with zero suppression
80 F
- 0 5 10 15 20 25 30
40 _ time (slices)
o] H |

100 200 300 400 500
time (sca time slices)
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Threshold effect

Tor volume
o0 reduce data —

CLUSTER

THRESHOLD

BASELINE

LOST CHARGE /

Important for dE/dx resolution — explained later
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Resolution issues: position resolution

Important for momentum (vector) determination: - curvature in magnetic field
- emission angle
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Effect of track angle

Track Trajectory
B 4

T T
/7 /7
[ 11777777 e

sense wire
distance: 4 mm

- /71 AN A i
, \

B<a
O0x ~ L*o *tanfB/VNeff

Pad
Width

Neff ~ 12/cm (nhot 40 1)
For Ne/CO2 Ntot ~45
For Ar/ICO2) Ntot ~100
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Optimization of pad angles: should be as parallel

as possible to track direction
(Indico: https://edms.cern.c(in inh/file/812079/1/pad_geo vtpc2.pdf)

track angle relative to beam direction at center of VTPC2

Angle (rad)

" 1 anti-p from anti- Lambdf

m from anti-L

/

ambda

“from Lambda

All pos track?’+i¢

p from Laml

Final pad angles

nda

) 40 60 80
X (pad direction

The finally chosen angles of the pads are a compromise!

02.11.20
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6, [cm]

o, [cm]
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Position resolution as function of track angle

From Joerg Guenther's thesis:
https://edms.cern.ch/file/815933/1/guenther.pdf
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Rainer Renfordt Introduction to TPCs 36



Effect of Lorentz angle at wire on cluster width and resolution

asymmetric relative to beam direction, i.e. positive and negative particles

\ \ \ Inthe Drift Region: : A '
"l Y 2 \ ! 2 ! r
) @ 1 E @ ,: @ JJ'

y ® /
1 Everywhere:
' 1 B ® 7
| Sense / :
) ®
\ \ Wire / g
'|"._ > Il"
\ 3
o3 \ Pad - ’
\ X ) i @ |
‘ Track | '
v Trajectory
Anode wire distance: 4 mm
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Position resolution (pad direction) as function of drift length (MTPC)

0.08 |
B o i
0.07 =
- Diff & gas gain fluet &
0.06 - measurement ~ ©pad size & -
° electr. Noise & thrashold
g 009 Diffusion & gas gain fluct
- O A ]
Né 0.04 . - _
© o ?__ . ” _
0.03 P 1G] .
‘9—- - 2 X Diffusion ]
0.02 8 a ’ l
C . ) ~ Diffusiononly -
0.01 AT i .
OZE” | | | | | |
20 40 60 80 100 120
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Electronic gain calibration

Important for precise position determination: centroid calculation.

However, due to the fact that the spread of parameters is small within a chip (significantly
larger from chip to chip and batch to batch) and in NA61 neighboring pads are connected
to neighboring channels and there are 16 channels per chip there is a only a small
improvement due to calibration.

Not so important for dE/dx calibration: elementary observable has already large spread
(due to the Landau distribution of signal)
more important: systematic shifts due to mechanical tolerances leading to gas gain variations
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Calibration pulser

Even though the electronics gain calibration is not applied there is a calibration pulser
in NA61.

A signal (fast rise time, flat top) is fed into the field wires (between the sense (anode) wires)
of the multi-wire proportional chambers. This induces a narrow spike in the readout chain.
The BNC cables to the sectors have to be of the same length for the time calibration.

It's purpose is first time calibration and then diagnostics: find dead channels, dead chips
(groups of 16 channels), problems of front-end-cards (128 channels), readout problems....

A

Amplitude adjustable: 0 ... 2V
Pulse shape

adjustable W #

-

voltage
A
X

Delay adjustable 0 ... 50 ps
(min. step size 40 ns)

time

eadouttime o = Ls
TT T TTTTT TTTT

=
.
V=
=

"

& " l‘)

40 .

TS ‘\\\
Y Y

30 -

amplitude (ADC counts)

10 ]

200510520556 240 556" 560 570" 380
time bins (200ns)
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Time calibration

Time shifts due to:
- trigger cable length variations (large)
- shaping time variations: variations chip to chip (relatively small)

20 Groups of 16 channels from one chip
0
-20 A-B |
0.5 32.5 64.5 96.5 128.5
pad number, row 1
g 20
= 0
< 20 — |
0.5 32.5 64.5 96.5 128.5
pad number, row 2
20 -
0
-20

0.5 32.5 64.5 96.5 128.5
pad number, row 3

Figure 6: Time calibration of individual channels for three padrows of MTPCL, sector 2 . The
additive correction is relative to the mean of a TPC.
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Full gain calibration

Includes gas gain calibration

Rainer Renfordt, IKF The NA61 TPCs
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Krypton calibration
(the only gain calibration in NA61)

advantage: takes also gas gain variations into account
due to mechanical variations across chamber surface

TPC readout

a) =
Kr decays
-\.I‘ I Y ,_\_I"- /-
1 A q'g{,
| | Ty ‘_“
\ \ A
TN T
<
|
Kr gas —
F 416
3000 - C}
2000 ;
1000 F

1000 2000 3000

b)

12.6 10
3‘!1‘

MH.H e H: H |

0

\ 10 20 320 40 5O
" energy deposit [keV]

- q) :
= region 1 : 3

| region 2

1 aiffed

‘| x scal

1000 2000 3000

observed charge deposit [a.u.]
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Slide Response Simulation
From Danilo Vranic

1600 —

1400

1200

1000

800

600

400

200

86.2d

30%

62%

_Simulation
TR R keV  Kr-83 Rb-83
571 P
562 <
26% 74%
42 v1.83h
| 9.4 v 147ns
5 20 25 30 35 40 45 sokeV 0 ' -~

02.11.20

6%

* |someric 41.5 keV level decays entirely to the 9.4 keV level by IC
¢ |n addition, Auger electrons and X-rays are produced
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Setup

Slide
From Danilo Vranic

From ISOLDE at CERN ‘*

as output
o TT . ° g
~__ o
i e
bypass line solid Rb-83 .‘ pgft?g;glg r-
° - °
o
o
(]
gas input . ° . —

Kr-83 particles
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With and without calibration:

Charge Spectrum Comparison

Entric 55 | Difference between sector types of MTPC
0 E MTR-SR
25 F
After kalibration 4.8 % 20
15 &
=
- . . C} E 1 1 1 1 ‘ | 1 | ‘ 1 1 1 1 | 1 1 1 1 '::Esz"
Before kalibration 6.8 % 0 500 1000 1500 2000 2500 3000

41 keV peak position [ADC_Counts]|

-
!
1
1
1
1
|

Ch'a'i'ge [adc_couﬁté]
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Example for gain variation across the chamber surface
(this is from ALICE, | don't have an equivalent plot from NA49/NA61)
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Needed for Krypton calibration:

%Rb from ISOLDE, some Mbq (5 Mbq is the limit set by CERN safety)

and: lots of analysis work .....
As of today:

Kr calibration data taken with high statistics.
This allows gain calibration < 1% per pad!
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Particle identification by dE/dx

Rainer Renfordt, IKF The NA61 TPCs
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Particle ID through dE/dx 5a. Particle Identification

p=mype /
JE 1 Simultaneous measurement of p and dE/dx defines mass m,,

= oc—ln(ﬁzyz) hence the particle identity

dx  p*

@K separation (2o)
— requires a dE/dx
resolution of < 5%

(arbitrary units)

Not so easy to achive |

« dE/dx is very similar for minimum

lonising particles.
/- Energy loss fluctuates and shows

Landau tails.

dE/dx

Average energy loss fore, u, n, K, p
in 80/20 Ar/CH, (NTP)

(J.N. Marx, Physics today, Oct.78)

CERN Academic Training Programme 2004/2005

plGavic)

C. D’Ambrosio, T. Gys, €. Joram, M. Moll and L. Ropelewski CERN - PH/DT2 Particle Detectors — Principles and Technigues Sald

02.11.20 Rainer Renfordt, IKF The NA61 TPCs
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Particle ID through dE/dx

5a. Particle |dentification

CERN Academic Training Programme 2004/2005

,,--— e \_\ e
qu'f"'f“.t_’...,.-,.,... i :nE"“t’ _______ \ _
How to reduce -1 wire i ' y K
. - _ . L 4 wires
fluctuations ? LA L:mostlikely — e b .
8o - energy loss a) ] l
- | ' Wy, o5 wof 80<8<100 deg -
« subdivide track in 4 wires averaged |
several dE/dx w0 90<@<100 deg - s} :
samples | ) 5
- calculate truncated 20 N !
mean, i.e. ignore s b S
samples with (e.g. N Pulaa height.
40%) highest values %o 200 400 & [mv] % 200 e = [mv}
. A'SO increased QE.S (B. Adeva et al_, NIM A 290 (1990) 115)
pressure can improve
resolution (= higher
primary statistics), but
it reduces the rel. rise O
due to density effect !
Don’t cut the track into too many -
slices | There is an optimum for a 4 -
. p e tem
given track length L. — 2 ‘:’? e e N ;mli%dﬁrg%:m}
C. D’Ambrosio, T. Gys, C. Joram, M. Moll and L. Ropelewski CERN - PH/DT2 Particle Detectors — Principles and Techniques 5als
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dE/dx signal amplitude distribution
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“Truncated mean” method

measurements
(W2
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dE/dx resolution for different gases

o
26— U @® NA 49 TPCs
| | U: Fischle, secondary number distr.
\ W: Lehraus et al., Landau dist.
24— W T: Lehraus et al., trunc. mean distr,
5n L .I‘_\‘
i 0. T
' Tt W - W
e S
| | | | | | | S
0 10 20 30 40 50 60
He Ne Ar Kr Xe
dN/E = E™

o smaller for heavier gases but N overall larger for heavier gases --> compensating effect

dE/dx resolution about the same for Ne and Ar
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dE/dx

From Pb + Pb interactions

2.4 — b)
221 p d
5
18F
s n \
14
12| e
i I I I
1 F Pb + Pb b)
C 250 - .
0.8 9<p<11GeVic
0.5 :_ 200 = Gyex =37 % [ .
0.1 1 10 100 ol .. |
p [GeVic] f
. . . 100 |- / " -
For the extraction of particle yields: | |
Gaup fits 50 L p* K+r;- et i
one needs to know the exact form of the dE/dx 7 e+
curve (this parameter is kept fixed in minimization) %, 5—=F—1—5—5—4 = o=,
dE/dx
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corrections

Rainer Renfordt, IKF
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NAG61 specific problems

dE/dx measured in different TPCs with different gas mixtures: relativistic rise different
difficult to combine

Additional problem at high multiplicities, as in Pb-Pb at top SPS energy:
« Baseline shift
« Common mode effect

CLUSTER

______________________________________ THRESHOLD ___ Ejxed!
BASELINE

[N
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Baseline shift

Relevant for Pb-Pb collisions at the highest energies:

- high track densities

— systematic shifts of dE/dx as functlon of drift Iength

Figure 9: Comparison of observed baseline behaviour to simulation [9].

assumed that Ne ions drift in Ne gas.
Rainer Renfordt, IKF
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Simulation: Garfield,

Rob Veenhof

In the simulation it is

Different assumptions are made about the extension of
The NA61 TPCs
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Baseline shift

Pad current (Ar ions, with field wires)

= g

MTPC o] 30 degrees
: FEE it

(ArICO_ICH,) 5.=.90.degrees. .
NA49 laser signal y
-1.5F il
—2F =
-2.5 1

Time [usecl

02.11.20 Rainer Renfordt, IKF

Simulation: Garfield,
Rob Veenhof

Drift velocity of ions
not correct in
simulation
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. Baseline shift
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\@,(\ Cluster ions in gas-based detectors
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Common mode effect
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Common mode effect

o)) : g —
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2025 J 2
E 02 rl 8
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Figure 10: Left panel: Signal of a laser track crossing a randomly chasen padrow where the signals of
the 6 contributing pads are summed and normalized to the integral charge. Right panel: signal on a
single distant pad of the same padrow in the same time region using the same normalization (1 time bin
= 100 ns).
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Correction of baseline shift and
Common mode effect in Pb-Pb

c 1.1 3?0.08:
O g :
| =0.07} aa
e * 2800 ® [
S - 006 . *.
0.9 ahne 5‘0\“ A/ * O
o= A 005 * _ g . A
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- o o
0.8 i °
0.04;
| Common mode effect I

0.7l b b e 0_03:...“'||.||||.||...|...
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Drift length >

Thesis Christof Roland (now CMS)

Figure 13: Left panel: normalized mean dE/dx as function of drift length without corrections (triangles),

with lateral cross talk correction (open points) and and with baseline and lateral cross talk correction
(full points). Richt pane: the same for the o(dE/dx)/dE/dx as function of drift length.
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Possible solution of baseline shift
problem with Alice electronics

This what should happen in the Alice readout:

FRONT-END SIGNAL PROCESSING

Pedestal subtraction
INPUT SIGNAL AFTER 15t BASELINE CORRECTION

160 — 160 == I =
l | | == output of the Baseline Substraction Unit
7T L bassline perturbation L zaro supression thresheld
140 1 ¢k 140
: j i EVENT 2
120 . | 120
¢ 48 i
00 | 00
b B 3
pof | !
e od SR |
Fa K| i
W i K
% i }*.: !
B bl

AFTER TAIL CANCELLATION

AFTER 2"¢ BASELINE CORRECTION

160 r .  P—— — 160 T T
§ —&— output of the filter < Adaptive Baseline Comaction output
| acceptance window | oro supression threshold
140 140
» EVENT 2 ‘ '
= = 120 3 | EVENT2
& 3

This last step never worked in Alice up to now.
May be now experts found a trick in the firmware.
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the end

Rainer Renfordt, IKF
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Xe+La at 150A GeV/c

Rainer Renfordt

Introduction to TPCs
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Aging effe

Horror pictures
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