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Overview

What is mCBM?

What is mRICH?

You like Aerogel?

Correlations between detectors
Buffer conundrum
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Original Experiment: CBM

TOF (RPC)

Fixed target Heavy-ion collision experiment TRD

RICH
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Original Experiment: CBM

M\ TOF (RPC)
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Prototype Experiment: mini-CBM (mCBM)
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Fixed target Heavy-ion collision experiment '

Venue: FAIR, Darmstadt ”
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Prototype Experiment: mini-CBM (mCBM)
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Fixed target Heavy-ion collision experiment '

Venue: FAIR, Darmstadt ”
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Prototype Experiment: mini-CBM (mCBM)
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Fixed target Heavy-ion collision experiment
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Venue: FAIR, Darmstadt
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Prototype Experiment: mini-CBM (mCBM
eSe(\‘ i
> Fixed target Heavy-ion collision experiment | |

N

Venue: FAIR, Darmstadt

goals:
o get free-streaming readout running
o Testing of the readout electronics
o General working of detectors at high-rate
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MmRICH
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Figure 6.1: Schematic drawing of a side view of the inner mRICH detector. All main
parts of the detector as well as the production of Cherenkov photons in the aerogel block

are shown.

ref: Adrian Weber
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MmRICH
2

entrance Cherenkov
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Figure 6.1: Schematic drawing of a side view of the inner mRICH detector. All main
parts of the detector as well as the production of Cherenkov photons in the aerogel block
are shown.
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MmRICH

entrance Cherenkov
<~ window photons

aerogel—. I | I
! <~——combiner
particle”” é \

—\ . ZDiRICHES

spacer
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R

aerogel—

steel plate clamp
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Figure 6.1: Schematic drawing of a side view of the inner mRICH detector. All main

parts of the detector as well as the production of Cherenkov photons in the aerogel block
are shown. (extended)
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2907 CenterX vs CenterY

- 12

New data (all panels)
e Run: 2907

10

e 2.5mm thickness (thick target)

e AU-AU

e Beam intensity: 2.5e+7 Hz < 8 >

o Events: 4.7E+6 - c
8 L

-10 -5 0 5 10
centerX [cm]
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old/2907

No of Hits/Ring comparing with 2.5 years ago
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No of Hits/Ring comparing with 2.5 years ago

Upper half Lower half
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Correlating TRD hits with mRICH rings

TRD hits position
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Time correlations

Time cuts RICH vs TRD

0.010 . .
1:-200 =<t =< 200
2:40 <t < 100
3:50=t<=<90
0.008 4+

4:60 <t < 80 Defined reasonable time cuts

22
1

cutindex Tiw  Thigh

T (RICH - TRD) ns
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Spatial correlations

Target

detector 1
detector 2
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TRD X [cm]
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Rich Ring vs Trd Hit X correlation (Z1TO)
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TERD X [cm]
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Spatial correlation X

Rich Ring vs Trd Hit X correlation (Z1T3)
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Successfully correlated!!

0010 Time cuts RICH vs TRD Rich Ring vs Trd Hit Y correlation (Z2T3) Rich Ring vs Trd Hit X correlation (Z1T3) v2
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Buffer saturation 1 word = 32 bits

e Each channel on the PMT is
—Window Photons 3 assigned a buffer space of 15
words.

aerogel— .
< combiner e |t takes 2 words to express a hit.
article” \ (also the epoch)
T I ;:)mmes e Each DIRICH has a total buffer
spacer NI by / space of 499 words.
aerogel— MAPMT—" < power MAPMT
- steel plate l l l l
N > 01..J cazJ c1..| |ca2
- 3cm 10cm Ak
- Figure 6.1: Schematic drawing of a side view of the inner mRICH detector. All main DIRICH1{ | DIRICH2
3 parts of the detector as well as the production of Cherenkov photons in the aerogel block . -
A are shown. (€Xxtended) Hioger ‘. g
e Pulse Combiner 2GBit link (Will be increased
' to 2.4 GBit)
j ) v 2GBit Iinktgv:fgl (b3% iigcreased
g Readc:)uTm?enrface
n : :
= ref: Pavish Subramani
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mRICH 1 word = 32 bits

e Each channel on the PMT is
—Window Photons 3 assigned a buffer space of 15
words.

aerogel— <~ combiner o |t takes 2 words to define a hit.

varticle \ e Each DIRICH has a total buffer
3 I ?DiRICHes space of 499 words.
—

spacer

e So, if each PMT channel can hold 7

aerogel— «—— power

/ °
MAPMT . hits, there are 64 channels on 1
steel plate PMT.
-
3cm 10cm

e CRI trigger rate of 3kHz:
e channels will start loosing data
when particle rate > 15kHZ

Figure 6.1: Schematic drawing of a side view of the inner mRICH detector. All main

parts of the detector as well as the production of Cherenkov photons in the aerogel block
are shown. (extended)
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mRICH 1 word = 32 bits

1
, z e Each channel on the PMT is
~——Window Photons " % 3 assigned a buffer space of 15
aerogel—. I WOI‘dS.
! <~ combiner o |t takes 3 words to define a hit.
—— \ e Each DIRICH has a total buffer
L | I —\piRicHes space of 499 words.
s\pacer - /
acrogel—r P o bower e S0, if each PMT channel can hold 7
MAPMT . hits, there are 64 channels on 1
steel plate clamp PMT
3cm 10cm >

e CRI trigger rate of 3kHz:
e channels will start loosing data
when particle rate > 15kHZ

Figure 6.1: Schematic drawing of a side view of the inner mRICH detector. All main

parts of the detector as well as the production of Cherenkov photons in the aerogel block
are shown. (extended)

e 2 possible solutions
e Higher CRI rate
e Larger buffer size
18/20

=
K.
=
=
=
N
O
-
=
<
X
0
£
2
=
O
<



Tested solution: Higher CRIl rate

CRI readout rate: 3.125 kHz CRI readout rate: 12.5 kHz
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Summary and Plans for mini-RICH

Summary
o Successfully revived the mini-RICH detector after a two-year hiatus.
e Verified the functionality of the aerogel plates.
o Established correlations between the mini-RICH and mini-TRD systems.
e |dentified and addressed buffer management challenges. (partial solution)

Future Plans
e Integrate the mini-RICH detector into the tracking system.
e Correlations with mini-STS, mini-TOF, etc (almost done)
e Optimize mini-RICH at high interaction rates.
e Performance
o Stability (not the biggest problem in CBM)
e Explore alternative buffer management strategies.
e« Recompile and test the firmware for more buffer (Simon Reiter, Giessen)
e Testing MAPMT = SIPMs (Jesus Pena Rodriguez, Wuppertal)
e Test a new advanced readout DAQ scheme for the DIRICH modules.
e Under development
o Working on an alignment procedure for mCBM which can be used in CBM later on.
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Backup slides
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A few random channels

Channel output distribution per packet (0x7031 7) Channel output distribution per packet (0x7031 25) Channel output distribution per packet (0x7010 6)
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Detector synchronization

o Goal: find a set of time offsets given
offsets between detectors along with
errors.

e Novel Synchronization Method

o Uses matrix formulation

o Uses Gradient Descent to find a good
solution
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Simulation
/[a1, a2, a3, a4, a5]

1. Start with a random offset vector O — v — v
2. Make correlation matrix —— “J J ’
3. Add noise [== f(resolution)] to the correlation matrix.
4. find a offset vector T
b. Matrix method (Gradient Descent) Var2 | -0.08071 0] -c.10168] 0.37578] 0.10308
. . 0.098675| -0.
5. Put the Loss of both offset vector in histogram o01625] 0.87678] .
a. For the original correlation matrix vars | 0.061913| 0.103062| 0.11917% 0
b. For the noisy correlation matrix
L = Cig
o, 02.2 -+ 032-
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7 detectors with 6 ns resolution
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7 detectors with 6 ns resolution

88.56 %

1 1 I I 1
20 40 60 80 0 250 500
LC

Is alpha same as the original?

3.5

3.0

2.5

M
o

=
L

- 1.0

- 0.5

0.0

log(Counts)

True MC/LC

200

150

100

2.00

1.75

1.50

1.25

=
(=
o

0.75

0.50

0.25 -

0.00

0.00

94.85 %

3.0

2.5

M
o

=
L

- 1.0

- 0.5

0.0

1 1 I 1
0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 0 100

Measured MC/LC

Will this alpha make C zero?

200

log(Counts)



20/21

(s3unod)bo
Ty o L = Ty o Ty =
" 3a] ™~ o — — [ [
i
o
2 L
Te]
L
(Vo)
© L 3
™l
— =

s
80

LOSS one-detector-as-reference

60

1
= = o

3 2 = R
Jusdsap ualpesb SSOT

300
200
100

PINWYsaqg IUv 18ysiyqy



[a1 a2, a3, a4, a5]

\ 5 X 5 Matrix
-*——u—-ﬁ
| wvart [ varz | wvar3 | wara | wvars
Varl ) -0.08071| 0.092675| 0.014625| 0.06191
Var2 | -0.08071 0| -0.10168] 0.37678| 0.1030¢
Vard | 0.098675| -0.10168| )| 0.049934] 0.1191"
Vard | 0.014625| 0.37678| 0.049934 0| 0.0022
vars | 0.062913| 0.102062| 0.119171| 0.002249 0

L1 = C;; Lo=) C% _ Cij
7 1 ;| ]| 2 ; (%] £3 ;jgi+0-j

5 Gradient Descent
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Simulation
/[a1, a2, a3, a4, a5]

1. Start with a random offset vector

. ) C . — Q{ ¢ — &
2. Make correlation matrix — “J J ’
3. Add noise [== f(resolution)] to the correlation matrix.
4. find a offset vector e
. I
b. Gradient Descent Var2 | -0.08071 Q! -0.10168] 0.37673| 0.10308
- : 0.088675| -0.
5. Put the Loss .of. both offse’g vector in histogram o01625] 0.87678] . _
a. For the original correlation matrix vars | 0.061913| 0.103062| 0.11917% 0
< b. For the noisy correlation matrix
>
S
"
Q .
o L L ng
OE -
2 2
< ; ;
v t,J I T Jj
Q
<
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Simulation: 7 detectors with 6 ns resolution

BN True

1 detector
B gradient descent

1 2 3 fil 5 6 0 1 2 3 4 5 Elil 19/21



