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The	  VHMPID	  collabora<on	  
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Par/cipa/ng	  Ins/tu/ons:	  	  
Aus<n	  (USA),	  Bari	  (Italy),	  Budapest	  (Hungary),	  Campinas	  (Brazil),	  
Chicago	  (USA),	  Gangneung	  (South	  Korea),	  Houston	  (USA),	  Kolkata	  
(India),	  Mexico	  City	  (Mexico),	  Pusan	  (South	  Korea),	  Salerno	  (Italy)	  

12	  ins'tu'ons	  (~60	  scien'sts)	  
	  

+	  major	  R&D	  contribu<ons	  from	  CERN	  and	  Yale	  (USA)	  
	  
	  

Le>er	  Of	  Intent:	  h\p://arxiv.org/abs/1309.5880	  (submi\ed	  to	  EPJ)	  
	  
	  

…proposal	  was	  not	  	  endorsed	  by	  the	  ALICE	  collabora7on…	  
	  

Very	  High	  Momentum	  Par7cle	  Iden7fica7on	  Detector	  



PID	  in	  heavy	  ion	  collisions	  
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Example:	  ALICE	  
J.Phys.G30	  (2004),	  1517	  
JINST,	  3	  (2008),	  S08002	  



PID	  in	  heavy	  ion	  collisions	  
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Example:	  ALICE	  
J.Phys.G30	  (2004),	  1517	  
JINST,	  3	  (2008),	  S08002	  

Track-‐by-‐track	  PID	  

Sta/s/cal	  PID	  

,	  EMCAL	  
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What	  we	  learned	  so	  far	  
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FIG. 4. (color online) v2 (top) and v3 (bottom) of charged
pion and proton as a function of transverse momentum for 10-
50% centrality class compared to unidentified charged parti-
cles results from the event plane method. For clarity, the
markers for v2 and v3 at pt > 8 GeV/c are slightly shifted
along the horizontal axis. PHENIX π

0
v2 measurements [44]

are also shown. The dashed line represents the WHDG model
calculations for neutral pions [43] extrapolated to the LHC
collision energy for the 20-50% centrality range. Error bars
(shaded boxes) represent the statistical (systematic) uncer-
tainties.

that of v2, except the most central collisions. Unlike204

v3, which originates entirely from fluctuations of the ini-205

tial geometry of the system, v4 has two contributions,206

which are probed by correlations with the Ψ2 and Ψ4207

symmetry planes. The measured v4/Ψ4
{EP} does not de-208

pend strongly on the collision centrality which points to209

a strong contribution from flow fluctuations. In contrast,210

v4/Ψ2
{EP} shows a strong centrality dependence which is211

typical for correlations with respect to the true reaction212

plane. The difference between the two, indicative of flow213

fluctuations, persists at least up to pt = 8 GeV/c.214

To investigate further the role of flow fluctuations215

at high transverse momenta we study the relative216

difference between v2{EP} and v2{4}, ((v2{EP}2 −217

v2{4}2)/(v2{EP}2 + v2{4}2))1/2, which for small non-218

flow is proportional to the relative flow fluctuations219

σv2
/〈v2〉 [1]. Figure 2 presents this quantity as a function220

of transverse momentum for various centrality classes.221

In the 5-30% centrality range, relative flow fluctua-222

tions are within errors independent of momentum up to223

pt = 8 GeV/c, far beyond the region where the flow224

magnitude is well described by hydrodynamic models225

(pt < 2 − 3 GeV/c). This indicates a common origin226

for flow fluctuations, which are usually associated with227

fluctuations of the initial collision geometry, at least up228

to the regime where hard scattering and jet energy loss229

are expected to dominate. For larger centralities (> 30%)230

and at high pt, where in general non-flow effects become231

more important, the ratio develops a momentum depen-232

dence which becomes stronger for more peripheral colli-233

sions. A rise is also visible, and in fact most pronounced,234

for very central collisions (0-5%).235

Figure 3 shows unidentified charged particle v2, v3,236

and v4 averaged over 10 < pt < 20 GeV/c as a func-237

tion of centrality. v2 increases from central to peripheral238

collisions. The centrality dependence of v3 differs signif-239

icantly from that of v2. The measured v4 is consistent240

with zero within relatively large uncertainties.241

Figure 4 presents charged pion and proton v2 and v3242

as a function of pt in the 10-50% centrality range from243

the event plane method. The proton v2 and v3 are higher244

than that of pions out to pt = 8 GeV/c where the uncer-245

tainties become large. This behavior is qualitatively re-246

produced in a model which includes, in the intermediate247

pt region, interactions between the bulk matter and jet248

fragments resulting from initial hard scattering [9]. The249

magnitude of the measured charged pion elliptic flow for250

pt > 8 GeV/c is compatible with that for unidentified251

charged particles, and π0 measured by PHENIX [44] in252

Au-Au collisions at
√
sNN = 0.2 TeV, and reproduced253

by the WHDG model calculations for v2 of neutral pi-254

ons [43].255

In summary, we have presented elliptic, triangular, and256

quadrangular flow coefficients measured by the ALICE257

collaboration in Pb-Pb collisions at
√
s
NN

= 2.76 TeV258

over a broad range of transverse momenta. For pt >259

8 GeV/c, we find that the unidentified charged particle260

v2 and v3 are finite, positive and only weakly dependent261

on transverse momentum, while v4 is consistent with zero262

within rather large statistical and systematic uncertain-263

ties. The observed difference in the centrality dependence264

of v4/Ψ4
and v4/Ψ2

, and the results on v2 obtained with265

two- and four-particle correlations indicate that the effect266

of flow fluctuations extends at least up to pt = 8 GeV/c267

and does not change dramatically in magnitude. The268

pion v2 at LHC energies is very close to that measured at269

RHIC out to pt = 16 GeV/c and is reproduced byWHDG270

model calculations for pt > 8 GeV/c. The proton v2 and271

v3 are finite, positive, and have a larger magnitude than272

that of the pion for pt < 8 GeV/c, indicating that the273

particle mass dependence typical at low pt persists out274

to high transverse momenta.275

With:	  
•  Track-‐by-‐track	  PID	  (<	  3	  GeV/c)	  
•  Above:	  sta<s<cal	  PID	  or	   	  	  	  	  	  	  	  	  	  	  

high	  purity	  cuts	  (π/p	  only)	  

we	  get:	  
•  Baryon-‐to-‐meson	  enhancement	  
•  Ellip<c	  flow:	  mass	  ordering	   ALICE,	  Phys.LeO.	  B719	  (2013)	  18-‐28	  

…	  just	  a	  few	  examples	  

ALICE,	  Phys.	  Rev.	  C	  88,	  044910	  (2013)	  



What	  we	  are	  missing	  s<ll	  
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With:	  
•  Iden<fied	  correla<on	  func<ons	  (high	  pT)	  
•  PID	  in	  jets	  
•  Iden<fied	  fragmenta<on	  func<ons	  
	  
we	  answer:	  
•  medium	  modifica<on	  and	  gluon/quark	  

fragmenta<on	  
•  Hadro-‐chemistry	  in	  jets	  
•  …	  
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With:	  
•  Iden<fied	  correla<on	  func<ons	  (high	  pT)	  
•  PID	  in	  jets	  
•  Iden<fied	  fragmenta<on	  func<ons	  
	  
we	  answer:	  
•  medium	  modifica<on	  and	  gluon/quark	  

fragmenta<on	  
•  Hadro-‐chemistry	  in	  jets	  
•  …	  



VHMPID	  in	  one	  slide	  
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•  Track-‐by-‐track	  PID	  in	  high	  momentum	  regime	  (pT	  =	  5-‐25	  GeV/c)	  	  
•  Requires	  a	  pressurized	  gaseous	  RICH	  detector.	  
•  Thin	  layout	  (~70	  cm)	  enables	  integra/on	  in	  front	  of	  calorimeter.	  
•  Detector	  resolu<on	  (~1.5	  mrad)	  allows	  for	  3σ p/K	  separa/on	  up	  to	  25	  GeV/c,	  π/K	  

separa/on	  from	  5	  GeV/c	  on.	  

occupy a total of 64 cm: 9 cm at the bottom for the vessel composite panel
(including insulation) and mirror system, 47 cm for the actual radiator gas
depth from the mirror up to the sapphire window, 8 cm for the vessel top
panel and photon detector; plus two tracking layers (one upstream and one
downstream) will fill the remaining 6 to 8 cm. The radiation length of such
a device can be limited to 22% which is comparable to the radiation length
of the existing TOF and TRD detectors. Studies have shown that e�ect on
lepton measurements in the calorimeter is negligible and that the additional
low momentum background in the photon measurement is manageable.
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Figure 4: Longitudinal cross section of VHMPID central module, showing the
depth or thickness of main components and the sharing among them of the
72 cm available height.

More details about the module arrangement and integration can be found
in Sect. 2.6. According to the present layout, each module will be equipped
with an array or mirrors of about 50 � 50 cm2, each focusing Cherenkov
photons on a corresponding photon detector of 18 � 24 cm2 area (Fig. 5).
The full coverage of five sectors, each measuring ⇥ 7.5 x 1.5 m, will then
require 225 mirrors and photon detectors of the above mentioned size, for
an overall photosensitive area of 10 m2. An alternative design with larger
mirrors is under study to reduce the amount of photon detectors; for example,
in case of 0.75 x 0.75 m mirrors, 100 photon detectors of 24� 24 cm2 would
be needed (total photosensitive area of 5.8 m2).

Such a large total photosensitive area and its operation inside the mag-
netic field of 0.5 T of the ALICE solenoid led to opt for a CsI gaseous photon

15

Details:	  
•  Focusing	  RICH	  
•  Radiator:	   	  3.5	  bar	  C4F8O	  (50	  cm)	  	  
•  Photon	  detector:	  	  CsI-‐MWPC	  (CH4)	  
•  Window: 	   	   	  Sapphire	  
•  Mirrors: 	   	   	  3x3	  

A.	  Agocs	  et	  al.	  NIM	  A	  732	  (2013),	  361-‐365	  



R&D	  I:	  Pressurized	  radiator	  gas	  
•  Refrac<ve	  index:	  

	  
•  Op<miza<on:	  

–  @	  3.5	  bar	  and	  L=	  50	  cm	  
–  excellent	  photon	  yield	  and	  ring	  radius	  	  

(~5	  cm)	  suitable	  for	  pa\ern	  recogni<on	  
–  C4F8O	  needs	  hea<ng	  at	  ~	  40	  oC	  	  to	  

prevent	  condensa<on	  

	  
	  

p	  
[bar]	  

Refr.	  ind.@	  
175	  nm	  

Momentum	  threshold	  [GeV/c]	   Nph	  cm-‐1	  eV-‐1	  

at	  satura/on	  
π	
 K	   p	  

1	   1.00153	   2.5	   9	   17	   1.1	  
1.5	   1.002295	   2.1	   7.3	   13.5	   1.7	  
2	   1.00306	   1.8	   6.4	   12	   2.2	  
2.5	   1.00383	   1.6	   5.6	   10.7	   2.9	  
3	   1.0046	   1.5	   5.1	   9.8	   3.4	  
3.5	   1.00535	   1.3	   4.8	   9.1	   3.9	  

liquid	  

gas	  
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R&D	  II:	  Photon	  detector	  
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•  Large	  acceptance	  (up	  to	  60	  m2)	  and	  large	  photosensi<ve	  area	  (up	  to	  8	  m2)	  
and	  working	  in	  magne<c	  field	  (B=0.5	  T):	  
•  CsI-‐MWPC	  with	  reduced	  pad	  size	  (w.r.t.	  ALICE-‐HMPID)	  and	  anode-‐

cathode	  gap:	  improved	  spa<al	  resolu<on	  +	  smaller	  induc<on	  spread,	  
detector	  gas:	  CH4	  

•  CsI-‐based	  TGEM	  photon	  detectors	  (thick	  GEM)	  
•  Micro-‐channel	  plate	  detectors	  (Photonis	  Planacon	  XP85012Q	  with	  

bialkali	  PC	  to	  work	  in	  the	  visible)	  

•  Other	  topics:	  
•  Radiator	  vessel	  and	  mirror	  system	  engineering	  studies	  
•  Radiator	  gas	  cleaning	  and	  UV	  transparency	  measurement	  systems	  
•  Tracking	  detector	  based	  on	  CCC	  (Close-‐Cathode	  Chamber)	  to	  improve	  

track-‐ring	  matching	  	  
	  



Detector	  figure	  of	  merit	  N0	  
N0 = 370 ε ⋅QE ⋅T ⋅RdE∫
Npe = N0Lsin

2ϑ c

MC	  simula<on:	  15	  GeV/c	  π,	  C4F8O	  @	  3.5	  bar:	  

Npe	  
Reconstructed	  	  
photons	  Nrp	  

UV	   Visible	  

N0	  [cm-‐1]	   60	   130	  

Npe	   24	   45	  

Lab	  measurements	  

Michael	  Weber	  -‐	  RICH	  2013	  -‐	  02.12.2013	   11	  



Par<cle	  separa<on	  
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UV Visible 

σq	  chroma<c 2.0	  mrad 1.2	  mrad 

σq	  opt.aberr.	   0.9	  mrad 0.8	  mrad 

σq	  granularity	  	  	  	  	   2.3	  mrad 2.3	  mrad 

σq	  tracking 1.6	  mrad 1.6	  mrad 

σq	  total 3.6	  mrad 3.2	  mrad 

Nrp ~	  13 ~	  30	   

σq	  track ~	  1	  mrad ~	  0.6	  mrad 

Resolu<on	  from	  
theore<cal	  es<ma<on	  

C4F8O	  @	  3.5	  bar	  

PID	  ranges	  
-‐	  Lower	  limit:	  cut	  Nrp	  >2	  
-‐	  Upper	  limit:	  3σ	  separa<on	  

Signal	  
(GeV/c)	  

Absence	  of	  signal	  
(GeV/c)	  

p	
 2-‐16	  

K	   5-‐16	  

p	   10-‐25	   5-‐10	  

σθ

Nrp

=
m2
2 −m1

2

2nσ p
2 tanϑ c

12	  



PID	  performance	  (Simula<on)	  
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Figure 19: Distribution of ring-averaged Cherenkov angles for pions, kaons,
and protons after the Hough Transform method at 16, 20 and 25 GeV/c at
3.5 atm gas radiator pressure.

Fig. 20 reports the probability of correct identification for pions, kaons

35

Figure 17: For a charged particle at saturation in 50 cm of C4F10 at 3.5
atm: (left) distribution of the number of photoelectrons per event, and (right)
distribution of the number of reconstructed photon cluster per event. Due to
photons geometrical overlap each cluster can be originated by more than one
photon.

Figure 18: Distribution of reconstructed single photon Cherenkov angle, from
pions at saturation in 50 cm C4F10 at 3.5 atm in presence of PbPb back-
ground.

8� 9 detected photons, including also background.
The summary of the PID performance obtained with the VHMPID us-

ing C4F10 Cherenkov radiator at 3.5 atm is given in Table 6 where positive
identification lower limits are determined by Cherenkov emission thresholds
and minimum Nrp for e�ective identification, while upper limits correspond
to 3� separation.

34 Figure 20: PID e⇤ciency contamination for �, K and p achieved in single
particle events embedded in HIJING background, at radiator gas pressures of
3.5 atm. The probability to be identified as di�erent particle species is shown
for pions (upper panel), kaons (middle panel), and protons (lower panel).

37

Efficiency/Purity	  (protons)	  

Cherenkov	  angle	  for	  single	  photons:	   Cherenkov	  angle	  for	  par<cle	  species:	  

Details:	  
•  Embedding	  π,	  K	  and	  p	  in	  background	  PbPb	  

HIJING	  events	  at	  LHC	  energies.	  
•  Pa\ern	  recogni<on	  procedure	  from	  HMPID

	  à	  Cherenkov	  angle	  for	  photons	  
•  Hough	  Transform	  to	  filter	  out	  the	  

background	  and	  improve	  the	  signal	  of	  
iden<fied	  par<cles.	  
à	  Cherenkov	  angle	  for	  par<cle	  species	  	  



Testbeams	  at	  CERN	  PS/T10	  
•  Radiator:	  

–  liquid	  C6F14	  radiator	  (in	  proximity	  focusing,	  HMPID-‐like)	  
–  C4F10	  or	  C4F8O	  at	  atmospheric	  pressure	  with	  mirror	  focusing	  
–  Heated	  and	  pressurized	  C4F8O	  radiator	  	  

•  Photon	  detector:	  
–  MWPC	  prototype	  with	  adjustable	  anode-‐cathode	  gap	  (0.8-‐2	  mm)	  	  
–  MWPC	  prototype	  with	  fixed	  gap	  
–  CsI-‐TGEM	  
–  CsI-‐TCPD	  
–  Planacon	  MCP	  	  

	  

Michael	  Weber	  -‐	  RICH	  2013	  -‐	  02.12.2013	   14	  



Anode-‐Cathode	  gap	  studies	  
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•  Refurbished	  old	  prototype	  (F.	  Piuz,	  RD26),	  anode-‐pad	  cathode	  gap	  
adjustable	  in	  0.8-‐2	  mm	  (100	  µm	  steps),	  anode-‐wire	  cathode	  2	  mm,	  20	  µm	  
anode	  wires,	  pitch	  4	  mm	  

•  Basic	  performance	  studies	  using	  liquid	  C6F14	  radiator,	  3	  mm	  thick:	  HV	  scan,	  
gap	  scan	  

•  proximity	  focusing	  with	  expansion	  gap	  such	  that	  to	  reproduce	  the	  same	  
ring	  radius	  as	  with	  C4F8O	  with	  mirror	  focusing	  

•  Nega<ve	  pion	  beam,	  6	  GeV/c	  
	  
	  

Pad	  cathode	  before	  CsI	  coa<ng	  
60x16	  pads,	  4x8	  mm2	  

C6F14	  liquid	  radiator	  

15	  



Anode-‐Cathode	  gap	  studies	  
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Event display subevent: 19

MIP	  region	  
Ring	  fiducial	  

Offline	  analysis:	  
	  
-‐  Select	  good	  events	  (MIP)	  

-‐  Ring	  radius	  
-‐  Gain	  in	  ring	  fiducial	  
-‐  Number	  of	  clusters	  
-‐  Cluster	  size	  
-‐  Cluster	  and	  ring	  resolu<on	  

C6F14	  



Gain	  and	  photon	  yield	  

Michael	  Weber	  -‐	  RICH	  2013	  -‐	  02.12.2013	  

Single	  e-‐	  PH	  spectrum	  	   Gain	  vs	  HV	  at	  various	  gaps	  

Equal	  amount	  of	  photons	  
seen	  @	  various	  gaps	  

slope-‐>	  gain	  A0	  

17	  

C6F14	  

C6F14	  

C6F14	  
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Size	  and	  cluster	  yield	  
Cluster	  size	  propor<onal	  to	  gap	  

No.	  of	  raw	  clusters	  increase	  by	  
reducing	  the	  gap	  	  

18	  

C6F14	  

C6F14	  
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for	  clusters	  

for	  rings	  Cluster	  resolu<on	  scales	  with	  size,	  
not	  with	  anode-‐cathode	  gap	  

C6F14	  

C6F14	  

X-‐axis	  =	  mean	  cluster	  size	  in	  the	  
ring	  fiducial	  at	  given	  gas	  gain	  
Y-‐axis	  =	  Cherenkov	  angle	  
resolu<on	  for	  clusters	  and	  rings	  



Pressurized	  C4F8O	  radiator	  
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Full	  VHMPID	  setup:	  
•  MIP	  detectors	  
•  Pressurized	  radiator	  (3.5	  atm)	  
•  Photon	  detector	  (var.	  gap	  

MWPC,	  CH4)	  
•  Online	  radiator	  gas	  

transparency	  meter	  
•  Automa<zed	  radiator	  gas	  

control	  

Test	  program:	  
•  Photon	  detec<on	  performance	  
•  Cherenkov	  angle	  resolu<on	  
•  Par<cle	  separa<on	  



•  Radiator	  equipped	  with	  hea<ng	  wire	  
and	  P,	  T	  probes	  

•  Safety	  pressure	  test	  (@	  5	  bar	  for	  5	  h)	  
•  Hea<ng	  studies	  with	  Fluent	  6.0	  to	  

op<mize	  insula<on	  and	  ensure	  
radiator	  temperature	  uniformity	  

•  P,	  T	  control	  and	  monitoring	  

IN	  

OU	  

Pressuriza<on,	  hea<ng	  

Michael	  Weber	  -‐	  RICH	  2013	  -‐	  02.12.2013	   21	  
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Event display subevent: 19
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The	  first	  20	  events	  
for	  C4F8O	  at	  3.5	  
atm	  for	  6	  GeV/c	  
nega<ve	  pions	  



Pressurized	  C4F8O	  radiator	  
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C4F8O	  refrac<ve	  index	  in	  UV	  ~	  C4F10	  
(theore<cal:	  correc<on	  factor	  [0.99974]*	  
C4F10	  at	  175	  nm)	  	  	  

Pressurized	  C4F8O	  radiator	  

Results:	  
•  Excellent	  chamber	  performance	  

(gain,	  number	  of	  photons	  )	  
•  Excellent	  Cherenkov	  angle	  

resolu<on	  (~	  1.5	  mrad)	  
•  Agreement	  to	  simula<ons	  

	  	  
à	  Par<cle	  separa<on	  possible!	  
	  

Contamina<on	  of	  kaons,	  electrons	  
à	  Iden<fied	  and	  compared	  to	  simula<on	  

24	  



6	  TGEM	  stack	  layout	  

Photon	  detec<on	  alterna<ves:	  CsI-‐TGEM	  
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V.	  Peskov	  et	  al.,	  NIM	  A	  695	  (2012),	  154-‐158	  

Pad	  plane	  
(each	  pad	  8x8mm)	  

TGEMs	  

CsI	  

Driw	  	  mesh	  

3	  
3	  
3	  

~60	  

11	  

Electronics	  

Beam	  par<cles	  

Cherenkov	  
light	  

C6F14	  radiator	  	  

P
C	   Acquisi<on	  

Triple	  stack	  of	  Thick-‐GEMs:	  
Thickness:	  0.45	  mm	  
Hole	  d:	  0.4	  mm	  
Rims:	  <10	  μm	  
Pitch:	  0.8	  mm	  
Ac<ve	  area:	  77%	  



•  Observed	  detec<on	  
efficiency	  ~	  60%	  of	  
HMPID,	  Gassiplex	  not	  
op<mized	  for	  TGEM	  

•  First	  tests	  performed	  
with	  APV25	  

6	  TGEM	  stack	  layout	  

Photon	  detec<on	  alterna<ves:	  CsI-‐TGEM	  
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Photon	  detec<on	  alterna<ves:	  TCPD	  
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Thick GEM

~ 4.5 mm

~ 6.0 mm

~ 1.5 mm

(4mm thickness)
Quartz window

Sense wires Field wires

Cathode wires

(97% transparency)

Ground plate

Figure 1. Schematics of the TGEM+CCC Photon Detector (TCPD).

small avalanche in the TGEM. The necessary gain is very moderate (in the 10-200 region), therefore
sparks are not expected to occur, and indeed no sparks have been observed.

After this preamplification stage of the TGEM the electron cloud drifts towards the sense
wires of the CCC, where the desired high gain (even 105 without sparking) could be applied. (The
effective gains of the two stages will be denoted by GCCC and GTGEM .) Most of the ions (relatively
1−G−1

CCC fraction of all) came from the avalanche at the sense wires, therefore a large amount of
them drift to the field wires and ground plane. According to current measurements the backflow of
ions to the top of the TGEM is roughly 25 % at standard conditions.

The induced signal in the segmented grounded cathode allows position sensitivity, and the
signal from the connected wires gave us the produced charge summed over the chamber. The latter
is efficient as laboratory tests and checks for basic operation, while the former one gave us the
possibility to detect Cherenkov rings.

The gain of the CCC part (figure 3.) can be measured, using zero TGEM voltage, and using
the bottom of the TGEM as the cathode of the wire chamber. Beside the direct measurements with
MIPs, the low gain region has been deduced from HV scans with non-zero TGEM gains.

Figure 2. (Left) Microscope photography of the used TGEM, produced at CERN. (Right) Close up photo
of the CCC type wire plane of the TCPD. The border of the 8mm wide pads coincide with the field shaping
wires to achieve smaller clusters.

– 2 –

TGEM	  +	  CCC	  Photon	  Detector:	  
•  Hybrid	  
•  Close	  Cathode	  Chamber	  
•  Thick	  GEM	  
•  Detector	  gas:	  CH4	  
•  Reverse	  bias	  cathode:	  Reduce	  

MIP	  signal	  and	  keep	  photon	  
detec<on	  efficiency	  

Figure 4. Several single events from the test beam.

detailed behavior of these effects and their evolution via the applied field above the TGEM was
studied within the "Leopard" project [11].

Using CsI covered TGEM to detect real Cherenkov photons from a known radiator system
we compared the results to a formerly tested MWPC setup. With the applied (not optimized) hole
configuration the total number of PEs was 60 % respect to the MWPC case. It is expected that
the efficiency figure may be increased by 10-30 % with further optimization of the geometrical
parameters.
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Figure 5. Integrated hitmap.
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Single	  events	  (5	  GeV/c	  π-‐,	  C6F14	  radiator):	  

4. MIP Suppression

One of the main advantages of the multistage micropattern based gaseous photon detectors is the
possibility to reduce the signal of the trespassing charged particles [4] (these particles are referred
to as MIPs). This feature allows the application of higher gains and therefore higher efficiencies,
which is a key issue in single electron detection and could shorten the charge collection time as
well.

The MIP suppression is realized with a reverse biased cathode field, thus forcing the electrons
in the region above the TGEM to drift towards the cathode; whereas the strong field of the TGEM
brings the photoelectrons, emitted from the top of the TGEM, towards the holes.

Applying reversed cathode field in the TCPD the volume underneath the TGEM will be the
main source of the MIP signals, with the gain GCCC, meaning roughly GTGEM suppression. Some
electrons from the lower part of the cathode volume enters into the TGEM holes, as for the PEs,
which results occasional extra charge inputs to the CCC part, and enhances the high charge tail of
the expected MIP signal.

The pulse height distribution for the suppressed MIPs and photo-electrons are shown in fig-
ure 6. With TGEM gain of 30 the average pulse height ratios were found to be 2.4.
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Figure 6. Pulse height spectra for photo-electrons and the suppressed MIP in a single run.

5. Conclusions

TCPD is a hybrid of micropattern technology and wire chambers as a working solution for ring
imaging Cherenkov detectors. It combines the advantages of both kind of technologies, with the
suppressed MIP and sparkfree high gain operation. However the light yield is limited by the TGEM
microstructure the detector is favorable for its robust applicability and nevertheless its simple con-
struction process.

– 5 –

G.	  Hamar,	  2013	  JINST	  8,	  MPGD	  2013	  proceedings	  	  



Photon	  detec<on	  alterna<ves:	  	  
Photonis	  Planacon	  XP85012	  

•  Due	  to	  delay	  on	  electronics	  produc<on,	  it	  could	  not	  be	  
tested	  before	  the	  end	  of	  testbeam	  at	  CERN/PS	  in	  2012	  

•  Ongoing	  lab	  tests	  with	  LED	  source	  

Michael	  Weber	  -‐	  RICH	  2013	  -‐	  02.12.2013	  

Pro’s	   Con’s	  

Larger	  photon	  yield	  (larger	  bandwidth	  in	  
visible),	  intrinsically	  faster	  

Cost	  (~	  8.8	  K$	  /piece)	  and	  
<mescale	  for	  full	  produc<on	  

No	  issues	  from	  radiator	  gas	  transparency	  
(purity,	  O2	  and	  H2O	  contamina<on),	  less	  

demanding	  systems	  	  

Chroma<c	  error	  due	  to	  larger	  
bandwidth,	  (compensated	  by	  	  
photon	  yield,	  final	  performance	  

similar	  to	  UV)	  	  

Can	  be	  mounted	  inside	  radiator	  vessel,	  
sapphire	  windows	  not	  needed	  

Detec<on	  efficiency	  losses	  due	  to	  
80%	  packing	  factor	  

Commercial	  device,	  savings	  on	  work	  for	  
photon	  detector,	  no	  CH4	  gas	  system	  	  	   28	  
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track-‐by-‐track	  PID	  in	  high	  momentum	  regime	  

occupy a total of 64 cm: 9 cm at the bottom for the vessel composite panel
(including insulation) and mirror system, 47 cm for the actual radiator gas
depth from the mirror up to the sapphire window, 8 cm for the vessel top
panel and photon detector; plus two tracking layers (one upstream and one
downstream) will fill the remaining 6 to 8 cm. The radiation length of such
a device can be limited to 22% which is comparable to the radiation length
of the existing TOF and TRD detectors. Studies have shown that e�ect on
lepton measurements in the calorimeter is negligible and that the additional
low momentum background in the photon measurement is manageable.
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Figure 4: Longitudinal cross section of VHMPID central module, showing the
depth or thickness of main components and the sharing among them of the
72 cm available height.

More details about the module arrangement and integration can be found
in Sect. 2.6. According to the present layout, each module will be equipped
with an array or mirrors of about 50 � 50 cm2, each focusing Cherenkov
photons on a corresponding photon detector of 18 � 24 cm2 area (Fig. 5).
The full coverage of five sectors, each measuring ⇥ 7.5 x 1.5 m, will then
require 225 mirrors and photon detectors of the above mentioned size, for
an overall photosensitive area of 10 m2. An alternative design with larger
mirrors is under study to reduce the amount of photon detectors; for example,
in case of 0.75 x 0.75 m mirrors, 100 photon detectors of 24� 24 cm2 would
be needed (total photosensitive area of 5.8 m2).

Such a large total photosensitive area and its operation inside the mag-
netic field of 0.5 T of the ALICE solenoid led to opt for a CsI gaseous photon

15

pressurized	  gaseous	  RICH:	  
•  Radiator:	   	  3.5	  bar	  C4F8O	  (50	  cm)	  	  
•  Photon	  detector:	  	  CsI-‐MWPC	  (CH4)	  
•  Window: 	   	   	  Sapphire	  
•  Mirrors: 	   	   	  3x3	  

requires	  

R&D	  

•  smaller	  anode-‐cathode	  gap	  and	  pad	  size	  
•  Excellent	  chamber	  performance	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

(Number	  of	  photons	  ~	  10)	  
•  Excellent	  Cherenkov	  angle	  resolu<on	  (~	  1.5	  mrad)	  
•  Photon	  detec<on	  alterna<ves	  (GEM,	  MCP)	  
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Unique	  proton-‐proton	  physics	  
•  Determina<on	  of	  baryon	  fragmenta/on	  func/ons	  via	  proton	  in	  jets	  
•  Determina<on	  of	  charmonium	  produc/on	  process	  via	  PID	  characteris<cs	  in	  

sub-‐leading	  heavy	  quark	  jet.	  
•  Determina<on	  of	  quark	  vs	  gluon	  fragmenta/on	  by	  measuring	  hadro-‐

chemistry	  in	  tagged	  jets.	  

Unique	  heavy	  ion	  physics	  
•  Determina<on	  of	  cause	  of	  baryon	  puzzle	  at	  intermediate	  to	  high	  pT	  through	  

measurement	  of	  hadro-‐chemistry	  in	  tagged	  jets	  
•  Determina<on	  of	  gluon	  splibng	  process	  (energy	  loss	  in	  medium)	  through	  

measurement	  of	  hadro-‐chemistry	  in	  jets.	  
•  Determina<on	  of	  medium	  modifica/on	  and	  gluon/quark	  fragmenta/on	  
•  Determina<on	  of	  baryon/an/-‐baryon	  imbalance	  through	  pT	  dependent	  

proton/an<-‐proton	  measurement	  in	  medium	  
•  Determina<on	  of	  hadronic	  resonance	  modifica/on	  in	  medium	  at	  high	  pT	  
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CsI	  photocathode	  

IP	  
Focal	  point	  
for	  mirror	  1	  

Focal	  point	  
for	  mirror	  2	  

3-D  View 
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Cherenkov	  angle	  resolu<on	  
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