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OUTLINE What | want to tell you ... j_| T

@ Introduction & motivation

© The concept of the CBM-RICH detector
o R&D, RICH components

o RICH prototype

© Physics performance

© Summary
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INTRODUCTION Tasks of the CBM experiment juew D™

QCD Phase Diagram:

« Labels indicate the phase of matter, which
describes the system in given regions of
temperature and Baryon density.

- '1 « Curves indicate transitions between the

| various phases.
| « The most essential insight into the

| physics of a system comes from a study

of the transitions between phases.

Temperature T [MeV]

CBM Physics:

¢ Investigation of dense baryonic matter:

« Phase transitions? critical/ triple point?
new phases? in-medium changes of
hadronic properties?

Experimental challenge:

Systematic exploration of A+A collisions
measuring hadrons, leptons, correlations,
fluctuations including rare probes such as
charm and low-mass vector mesons




INTRODUCTION Requirements on electron identification j_l

Rare probes: p,w, =2 e*, J/y,p’ > et
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Combinatorial background for low-

mass di-electron pairs assuming

various pion misidentification levels

pion rejection factor of > 104




INTRODUCTION What we need [us| D™
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\ Need:
« Collect at many photons as possible.
« Good single photon measurement.
R T s « Low fluctuations of the photons around the ring.
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THE CONCEPT
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Three main components UEES
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RADIATOR

s COy; vy =33

s P =4.65 GeV/c
« V230 m3

« 28 photons/ring

«Ng=171 cm”

o Length=1.7 m

« 1,=4.56 cm (res. 1.6%)

MIRROR

« SIMAX-glass, Al+MgF,
« R=3m,d<6mm

¢ 11.8 m?

o Tiles of 40x40 cm?

CAMERA
o 2.4 m?, 55k Ch.

o MAPMT: H8500 series

(Hamamatsu)?




n RADIATOR CO, is our choice j‘fuswé?‘éggé(;ﬁ””
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n MIRROR Two main properties ... |uwew] Waessin ™

mirror FLABEG

Point source

CCD

A

radius of curvature

Homogeneity:

« D, as a measure of the mirror homogeneity.

« Reflect a point-like source on the mirror and record its image.

« |ldeally the image is also point-like. In Reality, inhomogeneity causes a non-
homogenous spot (picture).

« D, is the diameter, of a circle, which contains 95% of the reflected light

JLO OLOMOUC
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M MIRROR

Reflectivity [%]

Two main properties ...
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Reflectivity:
o Compas: <80%
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¢ Flabeg: >90% (A>270nm) and =60% (A=160nm)
¢ OLOMOUC: =85% (A>200nm) and =80% (A<200nm)
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PHOTON DETECTOR Three main properties ... e Doessa™

« Quantum efficiency (QE)
« Tolerance of magnetic field
« Single photon detection

R

HAMAMATSU: Multi-anode Photomultiplier Tubes (MAPMT)

e Baseline: H8500 (1,2): 12-dynodes and Bialkali photo cathode

« H10966: H8500 with 8-dynodes and Super-Bialkali photo cathode (7)
o R11265: 12-dynodes and Super-Bialkali photo cathode (9).

PHOTONIS: Micro Channel Plate (MCP)
« XP85012 (8)
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« Peak at 0 due to crosstalk, not noise.

e Shape of R11265 spectra with and without crosstalk suppression almost Identical.

« Hamamatsu's “bad”-marked H8500 of relatively good quality compared to normal H8500 but the 8-stage
versions does not seem to be promising.

« XP85012 MCPs show significantly high crosstalk.
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PHOTON DETECTOR Quantum efficiency & single photon detection
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Borosillicate: low gain in the UV range - excluded.
Significant gain in QE with SBA cathode.
- optimum: SBA & UV glass

= Complete spectrum
With

ithout crosstalk (preliminary)

Hamamatsu R11265

|
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« Baseline MAPMT (H8500, 12 stages, BA) has good QE and shows nice single photon spectrum.
New developments from Hamamatsu promise better performance (H12700).

«+ MCP has good QE especially in the UV region and shows nice single photon spectrum BUT with
high rate of crosstalk.
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PHOTON DETECTOR magnetic field response of H8500 %.ew] CEesEn

Baseline PMT: H8500, 12 stages, BA:
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Open symbols: overall gain
Full symbols: single-photon detection efficiency
z along the PMT axis

PROBLEM:

¢ B influences the overall gain and the single-photon detection efficiency.
o Strongest effect along the PMT axis (z) and at the PMT edges.

« Tolerable fields below 1mT.




PHOTON DETECTOR Solution Ansatz fuek] D™
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1 . Rotation: o = 10 degrees 2 Shielding: Steal 08: 2.5-5cm thick - 1000kg
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i CHERENKOV ANGLE Resolution j_|
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mirror pixel

JN

O ..or  due to mirror quality. It is negligible.

o= Cherenkov angle resolution for N photons

O4s  due to chromatic dispersion. Can be estimated to 1 mrad.

()’ P. Gléssel. In: Nucl. Instr. Meth. A 433 17 (1999).

psixt  due pixel size. It is about 1 mrad.

2 L 1 1
O,s=—MeV/ce [—*—=0874MeV /c*— P [GeV] 04 |1 8
3 X, p D oys[mrad] 22 09 01
M V LB Og [mrad] 18 7.2 0.9
o, =551 221 B=0.077Tm
Tm P 30

o(p=8GeV,N =20)=0.38mrad

Fora o =0.572 mrad (2% resolution), pions and electrons o S
are separated by 5 sigma up to about 11 GeV/c.







UNIVERSITAT

PROTOTYPE Concept: Same properties and dimensions Q' SIESSEN

i

.2 m

Radiator:

1
N

540

Photon detector

Modules of the main components have the same dimensions and properties as foreseen in the RICH concept
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M WHY PROTOTYPE? Verification of the RICH concept |nenll Tt

o Study detector performance under realistic conditions.

_‘ « Components interplay, study first system integration effects (2x2 mirror
plane, rows of MAPMT on a plane).

o Performance of WaveLength Shifting films (WLS).

¢ Evaluate and compare alternative MAPMT/MCP.

o Test new FPGA-TDC read-out electronics under beam conditions.
_ ¢ Mirror misalignments, gas impurities, ...

o Test software: hit & ring finder & ring fitter

o Get input for realistic detector response

o (Gas system
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In x- and y- direction
movable table

Beam entrance window




. PROTOTYPE Scanning of components j_l e

« Mirror tiles adjustable via three
actuators.

« Mirror scan is achieved via
movable prototype a long x-
and y-axis.

e Camera scan is achieved via
rotatable mirror system around
X- and y-axis.
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PROTOTYPE Farther components juewl] Womsee

Yo Yalkva

~~ N —

/. /e /.

« Different photon detectors are used in test beams 2011 and 2012
« Some are covered with Wavelength Shifting films (WLS)

Gas system

e Hee

eq.PC

y
- M.
tRaTs s 10C (Input Output Controller)

64ch Amplification:
x10 (

]
- | " Temperature:
\ - '
. 1"
— —9 —
gt ‘ :J—- ) -
cther A ”
A . v - -
0 ‘ Pressure
we ServoDrive Mod AMIO2I- g
Mod CE915-0000  Mod AMS203-0000 OCA41-0000
Mirror positioning System HV System T/P System

Readout electronics: nXYter and FPGA Slow control via EPICS
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PERFORMANCE Simulations jwewf @

) 4 Number of photons per ring
T E
= £
i | o2 Ideal: 25.8 ‘
«f o g < I Hough finder: 25.5
wf ® ° g > [ Crosstalk : 28.0 .
asf oo ® 0'1_ y T
345 0.08 A _ —radius: e
aeglnlnlll“]I“II“l“l]l“[l“ll”h“ i J L_—L """ a-axis: e 2 & & 8 1
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] HEHJJJ L'—hh | e Radius of
% 15 20 25 30 3 40 45 fitted ring
Number of true hits per ring - Ak
‘“. : A 6
Ring radius [cm]
p=8GeV/c, r,=4.68 cm, r.=3.88 cm
Ring reconstruction with the Hough Transport Algorithm:

GIESSEN

T UL LAY | T T T T UL
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Yield

o > determine number of hits per ring = 25.5 (without crosstalk).
1 o - determine number of hits per ring = 28.0 (with crosstalk).

2. Ring fitting with a circle and an ellipse - Radius and major/manor axis.
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PERFORMANCE Simulations |aew| WeEssn

1 Number of photons per ring
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O 4 = 0.24 cm < pixel size
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3 Fit Quality:
dR: distance between hit centre and fitted circle
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PERFORMANCE Nice agreement between simulations and data |aiew _l GIESSEN
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« Qualitative agreement between simulation and data. 50
« High performance of ring finding and fitting _ 'l' -
- 100% efficiency for number of hits above 6. I Electrons -
« Total “dark rate” ~5500 Hz from 1024 channels oL L L
. 0 20 40 60
- Below 10 Hz/pixel in most of channels Nof hits in event
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Correction for temperature and pressure |pey _l oigssen
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NHITS Quantitative comparison MC-dd’ra J Toiessen
Simulation | T=273 K, p=1bar | Data T=293 K, p=0.96 bar
20‘09;_ 1ooo:—

oosf- u=27.2 +4.36 C

0.07F 0=4.33+3.00 800

006F- - n(T,p)=1+(n0—1)°£°£

o.osz— 600/~ Po T

0.04 - i

E 400—

003 C Data = 0.867 « MC

0.02f 200 —

o.m;— i

q; 15 20 25 30 35 40 45 50 e i I T R S T i R

photoelectrons per e-ring

Number of true hits per ring

« Does the discrepancy come from the collection efficiency of the PMTs2 (set to 100% in the simulations)

« Is the discrepancy constant for all PMTs [types]?
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RADIUS Good agreement after p-T corrections juew| WaEE™

Simulation T=273 K, p=1 bar, p=8 GeV/c Data T=293 K, p=0.96 bar, p=8 GeV/c
w1800_—_radius:e E 2 e L |
RS a-axis:e P : 518000 |- ]
E1600 __ . . . SO OREOCO0000 00 PoOaOeaBaA000000005 Boo00a00000d [0} - rn = (363 + 11) mm
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C c e - ]
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200 = @ 2000 =
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.g () %I_ L | | ) 4
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n 2 J-E ring radlus (mm)

Ring radius [cm]
r.= (4.56+0.6+£0.11) cm

r.=(3.63%£1.1+£0.09) cm
d.,> 70,

r.=4.68 cm
r.=3.88 cm

eTr

Pressure and temperature
1 ) correction

r(n)=Letanf, =L tan(arccos = 1yc=1.04%r g,

Pn

One finds: r,-=1.05%r .,




PROTOTYPE:
29
RADIUS

Simulation

Momentum scan
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Data

—~ 80

Radius [cm]

III[|\I\I|II[I‘I\II|I[

p [GeV/c]

6 7 8 9 10
momentum (GeV/c)

« Very good qualitative agreement between data and simulations is observed.
o Wider distribution in ring (y-) direction because of muons.
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M-EFFICIENCY Ferformance of electron identification |uew | Dates™

10 p=8GeV/c « Determine the pion rejection efficiency at an
- Pions electron id. Efficiency of 95%.

e e Determine a factor k such that 95% of the
b Electrons electrons are within the range (r,),.., * k*0,
o =T /T, (0.021% @ 8GeV)

% o Trsuppression factor=1/Treff (4760 @ SGeV)

0w s asowos o w e Discrepancy @ 10 GeV is caused by muons

ring radius (mm)

300015 0 0 g 2 — 15000 : 2 : 0 $ : $ $
) R (@) : 3 : : . R
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© L © | : : : :
< Beam data pu Beam data
p I~ : : : (_3 ~ T T T T
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= @
0.001 g 10000
Q.
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C
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6 65 7 75 8 85 9 95 10 105 11 6 65 7 75 8 85 9 95 10 105 11

p [GeVic] p [GeVic]
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32 OTHER TESTS Wifh ’rhe pro'ro’rype 1'%I€I-V—! gggggﬁ”m

Main control | System parameters | Alarms | Database | DAQ32 | About |
PN N [ A
sva (F\’E\ (ﬂf\) WA
GAS SYSTEM 15T 5mbar £ BPCW\_///E
« Provides pure CO, gas g S
« Constant over pressure of 2 mbar. ; \
. . . AN N F2 (pr-3H{ Pis1
« Determine impurity tolerances X | Al wa | ..,
T T e '—‘-N—- 5
(P\T,1> - F3 294.2k (TT-1 ek Bubbler
”bliE]-l (;\ D N k\,ﬂ | o

MIRROR DISPLACEMENT

« Deteriorate the resolution of ring fit >
« Determine displacement tolerances

DIFFERENT PHOTON-DETECTORS

« Single photon spectra

« Number of Hits per ring and ring radius
« WLS

NEW ELECTRONICS
« Compact with good time resolution

64ch Amplification
x10 ( x30)
Using standard
components

FPGA
Lattice

65ch TDC
+ backend
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M GAS SYSTEM Gas contamination tolerances | Woiesser™
12000 ———r—r—r—r—r—r—r—rrrrr—r — 3
Camera exchange | | Purifier check \ — Oxygen
10000 L / —— Moisture |
| —— RICH pressure
gsooo " - \ e ;g
Normal operation: ool ]| | [| Czereer messuroments -
« Constant differential pressure of 2 mbar + 1% ;51 I | 8
¢ O, (H,0) impurity about 80 (250) ppm £ 4000 |- 11
O
x
2000 +
0 n P [ P TS s e A S B o ‘urk. ..... 0
0 8 16 24 32 40 48 56 64
Time (hours)
50 i T T T T T T T T
® Ring radius (mm) ]
45 E E E% % i B Number of hits in ring i 7
Tested up to: o .k
¢ O, impurity of 10000 ppm 25l ]
¢ H,O impurity of 1100 ppm [ L I
20f ]
15 : " 1 n 1 L 1 L 1 L
0 2000 4000 6000 8000 10000

Oxygen content (ppm)
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MIRROR DISPLACEMENT €CLS 0N INNES e Wosser

+A +A
Photon (x0.y0+Ay,20+Az)

detector

T (x0.y0,20)

/
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MIRROR DisPLACEMENT |olerable displacements j_|

AZgyx vy < 0.35 mm (ayyy < 1 mrad) is tolerable
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PHOTON DETECTORS Test of different photon sensors: NHItS el T ks

36

e A: H8500, 12-dynodes and Bialkali photo cathode
e |I: R11265: 12-dynodes and Super-Bialkali photo cathode
e G: (MCP) XP85012

Corrected for T&p and crosstalk

= POS | - R11265, corrected

=g POS A - H8500, corrected

34 ——a— pos G - XP85012, corrected

32

30

28
261} \
245
20 , o MCP & H8500 have smae performance

18

Number of hits per ring

=

[

16
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. cam JUSTUS-LIEBIG-
PROTOTYPE: ﬁ UNIVERSITAT

NHITS RICH- 'GIESSEN
Simulation T=273 K, p=1 bar Data T=293 K, p=0.96 bar
EODQ;— 1000:_
o.08f- u=27.2 +4.36 C
oorE 0=4.33+3.00 ool
006 - n(T,p)=1+(nO—1)°£°£
04052— 600 Do T
0.04 B
E 400—
003 - Data = 0.867 « MC
0.02 - 200
0.012— i
q(:J‘ 15 20 25 30 35 40 “4[5. : “50 L : ‘5 10 - I115I - IZIOI - I2|5I - l3|O1 - |315| - 40 45

photoelectrons per e-ring
Number of true hits per ring

« Does the discrepancy come from the collection efficiency of the PMTs? (set to 100% in the simulations)

« Is the discrepancy constant for all PMTs [types]?

o 10 %Zna sin20 L/A2
§ 9 : o]
° sl dN 27na 1
7; dﬂ. = A’Z [1_ /J)ZH(A’)Z ]L
Wavelength Shifting Films: p-Terphenyl : \\ N o NO inOL
WLS Hit/ring MC Gain I Hit/ring Data Gain Hit/ring MC/Data 3 \
no | 27.2 {236 15.3% N
P00~ 200 500 400 500 600 700

yes | 31.9 18.1%'28.0 18.6% -13.9%

A (nm)



PROTOTYPE: -
ELECTRONICS New FPGA-TDC read-out electronics j.l 0T Gieseen

64ch Amplification: Power supply
: X10 ( x30) o pEddddd oNL v (sthchlng regulators)
Using standard = e .
components

FPGA-TDC 64 channels/board.

Signal discrimination using LVDS receivers on FPGA.

Digital backend included on FPGA.

Highly integrated and inexpensive approach.

Only time information, no amplitude measurement - to be evaluated.

Limited amplitude information could be gained via Time-over-Threshold (ToT).
Development started Feb. 2012, first prototype already tested in beam Oct. 2012!
Fruitful collaboration with GSI Experiment-Elektronik division (M. Traxler et al.)



PROTOTYPE: N
39 ELECTRONICS New FPGA-TDC read-out electronics %'e”*’l GIESSEN

Hits per PMT Hits per PMT

x*indf 1.350+05/22 3500 . . ] Z I0df 1.7870+06 / 22
Constant 3902 = 0.5 : : | constant 3221205
Mean 10.78 = 0.00 Mean 6.926 = 0.001

fC 1510 1] Ee— .................. ....... Sigma 312 = 0.00 3000 2.397 = 0.001
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SIMULATION ENVIRONMENT Response to heavy-ion collisions Ql Ty

Physics topics:

« Low-mass vector mesons: -> in-medium properties of the fireball

o Charmonium: —> probe the fireball at different energy scale
¢ Direct photons: —> probe the temperature of the fireball

RICH TRD 'TOF
Low-mass vector mesons:

o Use the CbmRoot framework
o 200k central events of Au+Au collisions at 8AGeV (SIS100) and 25AGeV (S1S300)

o Detector setup includes STS, RICH, TRD and TOF
e 25 um gold target

®

Background: UrQMD events (e* from y-conversion, 1%, n-Dalitz decays)
Signal: p, w, w-Dalitz, ¢ decays generated by PLUTO

®
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@8 GeV (SIS100) & 25 GeV (SIS300) ey o™
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JUSTUS-LIEBIG-

i SUMMARY What I have shown you |5 | U™

© A RICH concept is established.
© Individual components tested and chosen.
© Real dimension RICH prototype successfully build and tested.

o Test beam:

@ Excellent qualitative and quantitative performance: number of photons and ring
radius.

WLS test 2 up to 18% more photons.

Comparison of different photon sensors.

Up to 1% of O, impurity with no effects on number of photons and ring radius.
Fixing tolerances of mirror misalignment.

¢ ¢ ¢ ¢ ¢

Test of new electronics.

© Very good working gas system.
© Simulation under realistic conditions show good physics performance.

o TDR delivered in June 201 3.
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PROTOTYPE: .- | S oniversTT
¥ ELECTRONICS Efficiency and dark rate |pew] Tssse

Hits per PMT X va ¥ COMPLETE Hits per PMT

Efficiency (hits/half ring)

INI OI THLS VS Unesriioia

—a— nXYTER half ring

14 —— TRB half ring

—— TRB PMT 11

..... 1= —e— TRB PMT 12
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Nr hits per halfring (per PMT)
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JUSTUS-LIEBIG-

PROTOTYPE: ) B _
MIRROR DisPLACEMENT |olerable displacements QJ

T

Beam cross section
1.3%1.2 cm?

AZgy Mean FWHM
© [mm] [mm] [mm]
o | : : 0.00 47.60 1.60
> 0 Al 0.32 47.02 1.60
’ 5 5 0.70 46.54 2.60
1.27 46.02 3.80
i 2.54 4750 1.80

- (right peak) .

0.05 \ .................... , ...................

A

6 .k _
A axis [cm] ' ) ' )




PROTOTYPE: -
MIRROR DisPLACEMENT |olerable displacements j_l

Beam cross section
1.3%1.2 cm?

AZgx Mean FWHM
© [mm]  [mm]  [mm]
o | : . |0.00 47.60 1.60
i Iy E— o] i ]032 4793 1.80

: : [0.70 4855 3.00

095 48.74 3.60

3.80
0.05

4 45 5 55 6 E Az 2 T
A axis [cm] ‘ x | X




