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The Electron-lon Collider

¢) Brookhaven

National Laboratory |

* Highly polarized electron
(~70%) and proton (~70%)
beams

* Availability of ion beam from
deuterons to heavy nuclei

* e+p center-of-mass energy
up to 100 GeV

* High luminosity (up to 103
cm?st)
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The dRICH at EIC

Challenges: Magnetic field
e cover wide momentum range 3-60 GeV
e work in high (~1 T) magnetic field
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Gas Hit on detector

Aerogel Spherical Mirror

. Photon impact

\ on mirror(s)
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[ neutron flux above 100:0 keV in frvem *Jfor 1.0 fb ' integrated luminosity |
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Neutron flux (Courtesy of A. Kiselev)
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Effective solutions, part of EIC reference detector
Radiators: aerogel (Naero ~1.02) + gas C2F6 (ng.s ~1.0008)
Detector: 0.5 m?/sector, 3x3 mm? pixel, SiPM option
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The dRICH prototype 2021 test beams

Test Cherenkov Energy [GeV] Beam Photon
medium detector and
DAQ
{ September at  Aerogel 40+120 Tt* SiPM and
: N SPS iy ALCOR
' > ‘!I" i
\\/’\\\\\‘ I
\ Ve October Aerogel 120 vy MPPC and
y 4/ parasitic runs i MAROC
: at SPS
October at PS  Aerogel and 4+12 p and 1t MAPMT and
Gas (C,Fs) 18 MAROC

The dRICH
setup at PS
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The dRICH prototype components

Gas mirror & Frontal view
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MAPMT
detector box
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SIPM study

A study of radiation effects ~ Some carriers were irradiated in IV characteristic
on SiPM and recover by m-. at TIFPA (Trento) and -
annealing is ongoing by annealed. in the following months W At / i
EIC_NET. at Bolog "1 and Ferrara / =}
We developed custom e /4
carriers for SiPMs of E 107 i3
several producers, which £ | | ~ 108 j Before
can bear the high i w0 Y
temperature (up to 170°C) - D HAMAL
of the annea”ng pl'OCGiSS. o.aww ~10° e e e e e . [ﬁ'ﬁ
REIEN AEAST R BITE VD L ias [V
\ ~ i 2 T S ;
P ’ » 8 : 1
~100 g o (i TP 0 just one week of
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ol 107 1 allows to recover the
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. . the 1 low-order
°2lj L a i -1 radiated detector.
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togli by EIC_NET
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underwent annealing
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the SiPMs recovered one order of magnitude in dark current (or neurtron dose).


September tests at SPS

The september test

main goal was to

chain based on not
irradie .= 1 SiPMs and

ALCOR
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The ALCOR chip is designed to
readout signals at high rates
implement the readout (500 kHz per channel) with low
resolutions (5 nis time binning).
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The plot shows the coincidence
peak between the output of
dRICH and the timing
scintillator:;, ‘which the trigger
consisted of, proving the result
achieved.
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At between Hama1 and timing scintillator
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The ALCOR chip and ARACDIA DAQ are INFN developments designed to readout SiPM with precise time resolution (50 ps binning) and at high rate (up to 500 kHz per channel). 
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based on ALCOR (yet with 
not irradiated SiPM)
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between the SiPM signal of dRICH and the timing and trigger scintillators.


October test at PS

Goals:
* To operate the dual RICH by using both aerogel and gas; T 80 .
B A u
« Study the performance of the dRICH. £ r
Difficulties: 60— T
* The MAPMTs came later for a overlap with another test beam B 0.8
* The beam »2s not optimized. 40~ T T ,
* One compcrent in the beamline was wrong — waste of time C 0
* The beam Cherenkov detector didn’t work 207 06
Time distribution of hit L
et The right plot shows one event Oy 0.5
7oooE- measured at PS. " 0.4
- Legend: 20 |
aononf- * Little red square, a pixel of the i 0.3
aooool MAPMTs turned on by a photon. -40— S~
E * Red line, edge of MAPMTSs. B 0.2
GO: |C‘lD 2CIIU SEIDU 400 SC‘lO TCTO ?C‘lO 8!:‘!0 QEIDO 1000 * Green’ geometrical CUt applied _60; \-\H—__—//
Time [ns] . . . . L 01
Distribution of time of hit, the ?e?cl)ztlerll%gigr?%ig{]omer) and - —
inci nce.n ki | rl isible. * _SOJ—l RNV N T T A A Y MO O
-T—?]Ie ('E‘:riee g T J(re:tiolrS] icsebaei?]/g;/ 'sible Blue, gas and aerogel rings -80 60 40 20 0 20 40 60 : 8]0 0
[ rLL X mm
developed, this will allows to narrow reconsaucted.
the time coincidence window
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Sensor came late due to an overlap with another test beam;
the renovated beam line was not completely commisisoned;
most of the time was parasitic.
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Distribution of hit time, the coincidence
with the trigger time is clearly visible.
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credo sia "expected".  
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Particle position on upstream GEM
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dRICH alignment & data corrections

Particle position at aerogel
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: 5 = A tracking system based on two GEM detectors was used

during the test beams and it allows to show the divergence of
the beam.

7 rings before corrections

= The combination of the optical center of the measured rings
and the track

f particles provided by GEM detectors allows to
develop the dRICH alignment and data correction algorithms.
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to track the beam particles and correct for misalignments and beam divergence,
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Sticky Note
The combination of the dRICH optical information and GEM track information allows to correct data on a event by event basis 


Preliminary results

Radius of single particle Radius of single particle
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RMS [mm]

Result: Gas resolution
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RMS of radius as function of photon number - Gas

- x2/ ndf 14.02/15
- 00 1.544 + 0.058
= pi 0.22 +0.03
= —+
= S 4
E ‘ 1 1 1 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘
4 6 8 10 12 14 16 18 20 22 24
Photon [#]
<. Universita dRICH for EIC

= degli Studi
/¥ diFerrara

Fitting function:

Po = single photon resolution
p. = single particle resolution if photon
number grows i the infinity

p1 IS not compatible with zero, so there
are~'et some systematic effect that are
unciear.

Distribution of the number of photon per particle - Gas
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metterei solo constant term
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there is some residual systematic effect
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scrivi DATA nie plots con data


RMS [mm]

Simulation: Gas resolution

Gas Data Simulation
RMS of radius as function of photon number - Gas - Simulation
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Scriv MC nei plot con simulazioni


RMS [mm]

Result: Aerogel resolution

RMS of radius as function of photon number - Aerogel
x2/ndf=17.85/5
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Fitting function: Y=\—+*h

Po = single photon resolution
p. = single particle resolution if photon
number grows to the infinity

p1 IS not compatible with zero, so there
are yet some systematic effect that are
unclear.

Distribution of the number of photon per particle - Aerogel
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Entries

29
Mean 3.617
Std Dev 1.968
1000

o - e e

0 2 4 6 8

6000

5000

4000

3000

2000

|

10
Photon [#]

May 10, 2022 13


mcontalb
Sticky Note
Commenti come slide 11


RMS [mm]

Simulation: Aerogel

resolution

RMS of radius as function of photon number - Aerogel - Simulation
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Photon [#]

dRICH for EIC

Gas Data Simulation
Po [Mm] 1.9 0.8
p1 [mMm] 0.53 0.26
Avg photon 3.5 3.5

Distribution of the number of photon per particle - Aerogel - Simulation
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Conclusions and future perspectives

We operated the dRICH znd all its subsystems, collecting ¢ata to compare with simulations.

The obtained results are partially in agreement with simulations, but the expected resolution in
not yes achieved.

A larger amount of data will be acquired in the new test beams in fall 2022, making it possible
to carry out systematic studies on the dRICH performance.

A new version of the reconstruction and analysis software is under development, which will
allow to quickly obtain the results during the new tests.

An improvement of the simulations is on going, using he measurement of the optical
properties of some components.
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We develop a dRICH prototype to address the challenges of PID at the future EIC 
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prototype
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a good set of 
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are promising
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towards the design resolution
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an improved resolution and online monitoring
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based on the ongoing optical characterization of the dRICH components


Thanks for your attention
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Backup slides
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GEMSs tracking

Particle position on upstream GEM
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2920 -15 -10 -5 10 15 20
x[mm]

Particle position on downstream GEM
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Particle position at aerogel

The GEMs provide the track of each event.

In this run, only the GEMs and the frontal scintillator
were used as trigger.
We found a
correlation between
the semi-difference
of the radius
measured from two
opposite MAPMTs
and the particle
slope provided by
GEMs.

A/2 [mm]
|

III .‘IIII LIIII |

0_y [mRad]
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Computing the dRICH alignment

We define the coordinate of the dRICH-optical center as the mean value
of the semi-difference between the radius measured in two opposite
PMTs, evaluated by using only small angle events ( slope < 1 mRad).
This is a dRICH optical property, and the values are the same for each
run (unless change on the mirrors orientation).
The coordinates of the single event center are provided by the sum of
the optical center and the product of particle slope and length of path

inside dRICH.

Gas ring optical center, Y coordinate

%2/ ndf

E Constant
Mean
C Sigma

10
Y optical center [mm]
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124.1/50
1702+ 4.8
1.784 +£0.027
1.198 £ 0.021

y[mm]

7 rings before corrections
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