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ALICE	
  Detector	
  Setup	
  

TPC:	
  	
  Main	
  tracking	
  and	
  par4cle	
  iden4fica4on	
  (PID)	
  detector	
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Time	
  Projec4on	
  Chamber,	
  TPC	
  

•  Ne-­‐CO2:	
  	
  90%	
  -­‐10%	
  
•  Read-­‐out	
  chambers:	
  72	
  	
  
	
  

•  159	
  rows	
  (maximum	
  number	
  of	
  clusters	
  per	
  track)	
  
	
  

•  Pads	
  (readout	
  channels):	
  	
  557	
  568	
  
	
  

•  Time	
  bins	
  (samples	
  in	
  z	
  direc0on):	
  1000	
  

à  Designed	
  to	
  measure	
  up	
  to	
  20000	
  primary	
  and	
  secondary	
  par4cles	
  in	
  a	
  single	
  	
  
	
  	
  	
  	
  	
  	
  central	
  Pb-­‐Pb	
  collision	
  

6mm	
  

10
m
m
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Gas	
  Amplifica4on	
  	
  
MWPC	
  (Mul0-­‐Wire	
  Propor0onal	
  Chambers)	
  
	
  

à Electrons	
  with	
  ~1000	
  larger	
  dri[	
  velocity	
  
à Original	
  charge	
  is	
  mul0plied	
  by	
  	
  
	
  	
  	
  	
  	
  	
  a	
  factor	
  of	
  	
  several	
  thousands	
  
	
  
	
  	
  
Signal	
  Genera4on	
  
à	
  Mirror	
  charge	
  of	
  ions	
  induces	
  the	
  signal	
  
à	
  FEE	
  amplifies	
  and	
  shapes	
  the	
  induced	
  
	
  	
  	
  	
  	
  	
  signal	
  of	
  each	
  pad	
  
	
  

Ioniza4on	
  

Electron	
  Dri[	
  

Working	
  Principle	
  

5	
  RD51	
  Collabora0on	
  Mee0ng,	
  10.12.14	
   Mesut	
  Arslandok,	
  Frankfurt	
  (IKF)	
  



TPC	
  LASER	
  SYSTEM	
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à	
  For	
  the	
  Signal	
  Shape	
  analysis	
  TPC	
  laser	
  data	
  was	
  used.	
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TPC	
  cluster	
  over	
  a	
  5x5	
  pad-­‐4mebin	
  matrix	
  

Laser	
  Signal	
  before	
  pedestal	
  subtrac4on	
  à	
  2000	
  events	
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(transfer	
  func4on	
  of	
  PASA)	
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Common-­‐Mode	
  and	
  Ion-­‐Tail	
  	
  
Correc4on	
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Common-­‐Mode	
  à	
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  direc4on	
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TOY	
  MC	
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Common-­‐Mode	
  	
  
Effect	
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  Effect:	
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  Conserva4on	
  

OROC	
   IROC	
  

IROC	
   Inner	
  OROC	
   Outer	
  OROC	
  

12	
  RD51	
  Collabora0on	
  Mee0ng,	
  10.12.14	
   Mesut	
  Arslandok,	
  Frankfurt	
  (IKF)	
  

In
ne

r	
  	
  
O
ut
er
	
  	
  

Total	
  Charge	
  



13	
  RD51	
  Collabora0on	
  Mee0ng,	
  10.12.14	
  

à Based	
  on	
  charge	
  conserva4on	
  à	
  Important	
  for	
  GEMs	
  as	
  well	
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Ion-­‐Tail	
  Effect	
  



Ion	
  Tail:	
  Ion	
  Dri[	
  in	
  the	
  Amplifica4on	
  Region	
  

38 3. Signal shape and read-out optimization

multiplication process takes place close to the anode wires. These wires are at a high volt-
age producing a strong electrical field gradient in their vicinity. This is the place, where
the avalanche process amplifies the number of electrons by a few orders of magnitude
(gain) by means of producing new electron-ion pairs.

Tracks, their ionization potential in a given gas, the electron drift in the direction of
the read-out chambers and the induced signal (on pads or wires) can be simulated using
Garfield [39]. An example of electron and ion paths within an I-ROC geometry is plotted
in figure 3.2.
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Figure 3.2: Tracks, clusters and electron drift as simulated with Garfield
for a TPC I-ROC geometry. Electrons (yellow) drift towards the anode wire,
ions (red) drift outwards. Left: electrons drift without di↵usion. Right: elec-
tron drift with di↵usion (via MC).

The electrons are immediately collected by the anode wire, whereas the positive ions
drift in opposite direction. Depending on their angular starting position, they drift to-
wards the pad plane, the cathode wire or even the gate wires. Since the ion mobility is
several orders of magnitude smaller than the mobility of the electrons, the signal induced
in the pads is characterized by a fast rise in the order of a few ps (due to the electrons)
and a slow decay in the order of a few µs (due to the slow ions). The so called ion-tail
is manifest in form of later peaks (� 20 µs) which are usually smaller than 1 % in com-
parison with the immediate pulse due to electrons. A typical signal as detected on the
ALICE TPC read-out is shown in figure 3.3.

The ion-tail of the ALICE TPC read-out was characterized and detailed simulations
were performed in order to understand the mechanism behind the shaping. Details re-
garding both topics are given in the following sections. Section 3.3 contains an analysis
on how to minimize the ion-tail characteristics in order to improve the signal quality and
the compression factor for high track densities.
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Voltage	
  Dependence	
   Posi4on	
  Dependence	
  

Ion	
  Tail:	
  Dependencies	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Ion	
  tail	
  signal	
  shape	
  depends	
  on:	
  
	
  

à 	
  Anode	
  Voltage	
  
à 	
  Signal	
  posi4on	
  on	
  a	
  given	
  pad	
  wrt	
  to	
  the	
  center	
  of	
  gravity	
  of	
  cluster	
  
à 	
  Geometry.	
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OFFLINE	
  CORRECTION	
  
PROCEDURE	
  

17	
  RD51	
  Collabora0on	
  Mee0ng,	
  10.12.14	
   Mesut	
  Arslandok,	
  Frankfurt	
  (IKF)	
  



REMINDER	
  How	
  to	
  Correct	
  ?	
  	
  

à 	
  	
  Ion-­‐Tail:	
  Use	
  normalised	
  Time	
  Response	
  Func4ons	
  (TRF)	
  

à  	
  Common-­‐mode	
  :	
  Rely	
  on	
  charge	
  conserva4on	
  on	
  a	
  given	
  anode	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  wire	
  segment	
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C4mebin	
  =	
  Qtotpad	
  x	
  f	
  x	
  TRF	
  
f	
  :	
  Experimental	
  factor,	
  which	
  compensates	
  the	
  missing	
  charge.	
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How	
  to	
  judge	
  ?	
  

1)	
  Mean	
  dE/dx	
  of	
  	
  
Pions	
  at	
  MIP	
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π	
   e	
  

S = µe −µπ

(σ e +σπ

2
)

2)	
  Sepera4on	
  power	
  



RESULTS:	
  Common-­‐Mode	
  (MC)	
  

reference	
  
MC:on,	
  REC:off	
  
MC:on	
  and	
  Rec:on	
  	
  
MC:on	
  and	
  Rec:on	
  +	
  Missing	
  Charge	
  

fcMode	
  	
  =	
  1	
  	
   fcMode	
  	
  =	
  2	
  	
  

à	
  Scaling	
  factor	
  is	
  needed	
  for	
  the	
  missing	
  clusters	
  

Mean	
  dE/dx	
  vs	
  Mul4plicity	
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fcMode	
  	
  =	
  1	
  	
   fcMode	
  	
  =	
  2	
  	
  

RESULTS:	
  Common-­‐Mode	
  (MC)	
  

Sepera4on	
  Power	
  vs	
  Mul4plicity	
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reference	
  
MC:on,	
  REC:off	
  
MC:on	
  and	
  Rec:on	
  

fionTail	
  	
  =	
  1	
  	
   fionTail	
  	
  =	
  2	
  	
  

RESULTS:	
  Ion-­‐Tail	
  (MC)	
  

Mean	
  dE/dx	
  vs	
  Mul4plicity	
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RESULTS:	
  Ion-­‐Tail	
  (MC)	
  

fionTail	
  	
  =	
  1	
  	
   fionTail	
  	
  =	
  2	
  	
  
Sepera4on	
  Power	
  vs	
  Mul4plicity	
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Results	
  (Real	
  Data)	
  

Separa4on	
  Power	
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Ion-­‐Tail	
  Correc4on	
  

2010	
  PbPb	
  data	
  

IonTail	
  +	
  Common-­‐mode	
  	
  
Correc4on	
  

Mean	
  dE/dx	
  vs	
  mul4plicity	
  

2013	
  pPb	
  data	
  



SUMMARY	
  

•  	
  	
  Comprehensive	
  study	
  of	
  common-­‐mode	
  and	
  ion-­‐tail	
  effects	
  was	
  	
  
	
  	
  	
  	
  	
  	
  performed	
  using	
  the	
  Laser	
  data	
  of	
  ALICE	
  TPC.	
  
	
  

•  	
  Since	
  common-­‐mode	
  effect	
  is	
  based	
  on	
  the	
  charge	
  conserva0on,	
  it	
  has	
  	
  
	
  	
  	
  	
  	
  	
  to	
  be	
  considered	
  for	
  both	
  GEMs	
  and	
  MWPCs.	
  
	
  

•  	
  Both	
  effects	
  are	
  linearly	
  propor0onal	
  to	
  the	
  local	
  track	
  density.	
  
	
  

•  	
  	
  Both	
  effects	
  were	
  implemented	
  in	
  the	
  MC	
  and	
  corrected	
  in	
  the	
  	
  
	
  	
  	
  	
  	
  	
  reconstruc4on	
  successfully.	
  
	
  

•  	
  It	
  is	
  proven	
  that	
  an	
  offline	
  correc0on	
  of	
  both	
  effects	
  improves	
  the	
  dE/dx	
  	
  
	
  	
  	
  	
  	
  	
  performance	
  thus	
  the	
  PID	
  quality	
  of	
  ALICE.	
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BACKUP	
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•  To	
  obtain	
  more	
  realis0c	
  MC	
  descrip0on	
  for	
  RUN1,	
  ion	
  tail	
  should	
  be	
  added	
  to	
  	
  
	
  	
  	
  	
  	
  	
  the	
  detector	
  response.	
  	
  
	
  

	
  	
  	
  	
  	
  	
  à	
  E.g	
  number	
  of	
  observed	
  signals,	
  dEdx	
  characteris0c	
  and	
  the	
  dependence	
  on	
  	
  
	
  	
  	
  	
  	
  	
  the	
  track	
  mul0plicity	
  is	
  not	
  described	
  at	
  all.	
  	
  
	
  

•  In	
  the	
  TDR	
  it	
  was	
  assumed	
  that	
  signal	
  correc0on	
  (Ion	
  Tail)	
  will	
  be	
  done	
  on	
  the	
  
	
  	
  	
  	
  	
  	
  hardware	
  level	
  in	
  ALTRO.	
  However,	
  due	
  to	
  instabili0es	
  in	
  sofware,	
  given	
  	
  
	
  	
  	
  	
  	
  	
  func0onality	
  was	
  not	
  enabled.	
  	
  
	
  	
  	
  	
  	
  	
  à	
  For	
  Run2	
  given	
  problem	
  should	
  be	
  already	
  fixed.	
  	
  
	
  

•  PbPb	
  events:	
  	
  
à	
  ~	
  20	
  %	
  of	
  the	
  clusters	
  are	
  lost	
  	
  

	
  	
  	
  	
  	
  	
  à	
  ~	
  20	
  %	
  shif	
  of	
  the	
  mean	
  dEdx	
  	
  
	
  	
  	
  	
  	
  	
  à	
  Fluctua0ons	
  of	
  the	
  dEdx	
  bias	
  leads	
  to	
  worsening	
  of	
  dEdx	
  resolu0on	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (Effects	
  are	
  linearly	
  propor0onal	
  to	
  local	
  track	
  density)	
  
•  pPb	
  events:	
  
	
  	
  	
  	
  	
  	
  à	
  	
  ~	
  5	
  %	
  effect	
  for	
  highest	
  mul0plicity	
  events.	
  	
  

MC	
  should	
  be	
  dEdx	
  calibrated	
  in	
  the	
  similar	
  way	
  as	
  the	
  raw	
  data	
  	
  

MOTIVATION	
  

27	
  RD51	
  Collabora0on	
  Mee0ng,	
  10.12.14	
   Mesut	
  Arslandok,	
  Frankfurt	
  (IKF)	
  



à  336 Laser Rays (168 on each side) 
 

à  2 Sides, 6 Laser Rods, 4 Bundles, 7 micromirrors 
 

à z-Positions; 
odd rods:  ±130, 850,1690, 2470 mm 
even rods: ±100, 790, 1630, 2410 mm 

TPC	
  LASER	
  SYSTEM	
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Pad	
  Response	
  Func4on	
  

Pad	
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REMINDERS	
  (III)	
  
Prepara4on	
  of	
  the	
  TRFs	
  à	
  Removal	
  of	
  frequencies	
  +	
  smoothing	
  

1)	
  Low	
  freq	
  à	
  	
  damping	
  oscillator	
  	
  
	
  à	
  [0]+[1]*exp(-­‐(x-­‐380)/[4])*sin([2]+[3]*x)	
  
	
  

Before	
   A[er	
  

2)	
  High	
  freq	
  à	
  Fast	
  Fourier	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Transforma0on	
  

3)	
  Smoothing	
  with	
  TLinearFioer	
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à	
  Try	
  to	
  es0mate	
  the	
  shape	
  of	
  distribu0on	
  from	
  the	
  hit	
  points	
  of	
  the	
  electrons	
  on	
  the	
  wire	
  

x	
  [μm]	
  	
  

~1.35	
  radyan	
  

Sum	
  of	
  3	
  Gaussians	
  

REMINDER	
  (II)	
  

	
  	
  	
  1.	
  	
  Amplitude	
  is	
  fixed	
  (ampSide*(4/3)	
  =	
  ampCentral)	
  	
  
	
  	
  	
  2.	
  	
  MeanSide	
  	
  	
  =	
  Center	
  of	
  side	
  peak	
  	
  
	
  	
  	
  3.	
  	
  Sigma	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  =	
  Sigma	
  of	
  	
  central	
  peak	
  such	
  that	
  (middle	
  peak	
  sigma)	
  =	
  (side	
  peak	
  sigma)*2	
  

MeanSide	
  =	
  1.35	
  
Sigma	
  =	
  0.8	
  	
  
à	
  (26%	
  hits	
  on	
  the	
  Pad)	
  

MeanSide	
  =	
  1.35	
  	
  
Sigma	
  =	
  0.6	
  	
  
à	
  (24%	
  hits	
  on	
  the	
  Pad)	
  

à	
  Pad	
  3	
  is	
  the	
  central	
  pad	
   à	
  Only	
  3000	
  ions	
  were	
  used.	
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WHAT	
  IS	
  NEW	
  ?	
  
1)  Use	
  generalized	
  normal	
  distribu4on	
  
	
  	
  	
  	
  	
  	
  à	
  new	
  parameter	
  β	
  

2)	
  	
  Vary	
  the	
  number	
  of	
  ions	
  in	
  the	
  cluster	
  

Normalized	
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MOTIVATION	
  
REAL	
  DATA:	
  
à  	
  Time	
  Response	
  Func0ons	
  (TRFs)	
  for	
  different	
  distances	
  to	
  COG	
  of	
  cluster.	
  
à  	
  Central	
  (top	
  curve),	
  outermost	
  (booom	
  curve)	
  
à  	
  Each	
  step	
  is	
  0.4	
  mm	
  

34	
  RD51	
  Collabora0on	
  Mee0ng,	
  10.12.14	
   Mesut	
  Arslandok,	
  Frankfurt	
  (IKF)	
  



35	
  

Ion	
  Tail:	
  Garfield	
  Simula4ons	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Pad1	
  
Pad2	
  
Pad3	
  
Pad4	
  
Pad5	
  

à 	
  3D	
  setup	
  which	
  similar	
  to	
  the	
  IROC	
  geometry	
  of	
  TPC	
  
à 	
  Calcula0ons	
  were	
  done	
  with	
  NEBEM	
  
à 	
  Ne+	
  ions	
  are	
  dri[ing	
  in	
  Ne	
  gas	
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Pad	
  signals	
  for	
  central	
  and	
  side	
  pads	
  Ion	
  Tail:	
  Ion	
  Distribu4ons	
  
	
  	
  	
  Distribute	
  ions	
  with	
  the	
  shape	
  of	
  	
  

Pad	
  Response	
  f.	
  along	
  the	
  anode	
  wires	
  	
  

Pad1	
  	
  	
  	
  Pad2	
  	
  	
  Pad3	
  	
  	
  	
  Pad4	
  	
  	
  Pad5	
  

Anode	
  
	
  Wires	
  

Distribute	
  ions	
  around	
  the	
  wire	
  as	
  a	
  	
  
triple	
  gaussian	
  profile	
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12*exp(4)*(t/0.16)^4*exp(-­‐4*t/0.16)	
  
(transfer	
  func4on	
  of	
  PASA)	
  

Ion	
  Tail:	
  Garfield	
  Simula4on	
  Results	
  

central	
  pad	
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Ion	
  Tail:	
  Simula4on	
  vs	
  Real	
  Data	
  

Timebin	
  [100	
  ns]	
  

Ion	
  arrival	
  is	
  
~27	
  μs	
  

Ion	
  arrival	
  is	
  
~22	
  μs	
  

•  	
  Baseline	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  à	
  Distribu0ons	
  of	
  ions	
  around	
  wire.	
  	
  
	
  

•  	
  Ion	
  arrival	
  4me	
  	
  à	
  Ne+	
  in	
  Ne	
  is	
  not	
  the	
  right	
  assump0on.	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Ion	
  mobility	
  measurements	
  for	
  gas	
  mixtures	
  is	
  needed.	
  	
  

Data	
   Garfield	
  Sim.	
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Ion	
  Tail:	
  Simula4on	
  vs	
  Real	
  Data	
  

Timebin	
  [100	
  ns]	
  

Ion	
  arrival	
  is	
  
~27	
  μs	
  

Ion	
  arrival	
  is	
  
~27	
  μs	
  

à 	
  Baseline	
  is	
  tuned	
  playing	
  with	
  the	
  distribu4on	
  of	
  ions	
  around	
  the	
  wire	
  
à 	
  Ion	
  mobility	
  scaled	
  with	
  a	
  constant	
  factor	
  to	
  match	
  ion	
  arrival	
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