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Brief	Introduction:	 2	
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Tested	a	Ring-Imaging	Cherenkov	detector	prototype	with:	
¤  CsI	Photocathode	on	top	GEM	
¤  Mirror	in	deep	UV	->	MgF2	coating	
¤  Single	Photon	Capability	->quintuple	GEM	stack	with	APV25-SRS	
¤  Radiator	choice:	CF4	

Ø  The	windowless	technology	+	
wave-length-tuned	mirror:		
Minimize	the	loss	of	photons	

Ø  Small	Ref.	Index:	
						Particle	identification	(PID)								
						reaching	out	to	high	momenta		



3	Flow	for	the	next	slides:	

Determine	different	weight	factors	for	RICH	performance	
(Inspired	by	test	beam	results)	

Extrapolate	the	performance	for	EIC	requirements	
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Ø  n	is	not	a	constant	but	varies	with	λ	

Ø  n(λ)		->	R(λ)	

Ø  Weighted	with:	
					1/λ2	for	Cherenkov	Intensity	also	with	QE(λ)	of	CsI	
	

Radius	Probability	(per	photon):	
	

σR/R	~	2.5%	

BLATNIK et al.: PERFORMANCE OF A QUINTUPLE-GEM BASED RICH DETECTOR PROTOTYPE 3261

Fig. 8. (Color online) Charge spectrum for various gain settings. Upper: two
rather low gain settings show the exponential spectrum for deposited charge on
pads and its increasing steepness of the slope. Lower: for higher gain settings
saturation and firing of neighboring pads resulted which caused a low pulse
height component to appear which was cut away.

Background was determined by a procedure that subdivided
the readout board into four quadrants so that each APV25 card
could be considered individually. In each column of a single
quadrant a signal was accepted, i.e., not to be background if it
registered with a charge above the pedestal value plus a prede-
termined width ( ) and if it was the hit with the largest value
in its half-column of pads. This procedure guaranteed that only
a maximum of one hit was present within a single column of
each quadrant. This algorithm apparently lowers the count of
pads for a ring compared to the photon count. A Monte Carlo
study was performed to estimate a possible degradation because
of this rejection cut.

Fig. 9. Chromatic dispersion for the Cerenkov angle weighted according to
Cerenkov intensity and quantum efficiency of a CsI cathode.

2) Charge distribution: Charge deposits on readout pads, the
number of Cerenkov-photons produced, and the number of pho-
toelectrons released have been investigated. A charge spectrum
has been obtained according to Fig. 8: the upper graph repre-
sents the classic pulse height distribution behavior according to
an exponential form at lower gains, and the lower graph repre-
sents a Polya distribution at higher gains [18].
The number of responding pads saturates at large gain at a

value around 9. The number of responding pads did not nec-
essarily correspond to the number of photons that were con-
tributing to the signals on the pads. For instance, one photon
could lead to a response on two pads, or two photons could lead
to a response on one pad only. A Monte Carlo simulation was
performed to compare with the measured number of photons. It
took into account the transverse diffusion of the charge cloud
during the amplification process, the wavelength dependence
of the refractive index of , resulting in a Cerenkov-angle
as a function of wavelength, as well as a weighting effect for
the Cerenkov intensity according to (1). The angular dispersion
of the Cerenkov angle as a result of chromatic dispersion was
found to be 2.5% (Fig. 9). Furthermore, it was found
that on average 9 photons were contributing to the Cerenkov
ring. This is in discrepancy to the expected number of photons,
which was 16 based on (1) and an overall quantum efficiency
of about 65%, including photon absorption by the medium, re-
flectivity of the mirror and quantum efficiency of the photo-
cathode. It is under investigation where this discrepancy is re-
sulting from; it is possible that the quantum efficiency of the
photocathode might have degraded during transport. The trans-
port lasted four days across the country under relatively low gas
flow. For the Fermilab tests, the gas flow was dramatically in-
creased (few turns per hour instead of per day) and indeed, the
photo-electron yield increased (see Section V).
The size of the charge cloud along the amplification path

can be calculated with a diffusion constant that has been deter-
mined with simulations programs GARFIELD [19] and MAG-
BOLTZ [20]. An extensive compilation for various gas com-
pounds can be found at http://www-hep.phys.saga-u.ac.jp/ILC-
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Chromatic	dispersion	for	the	Cerenkov	angle	
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Number	of	Pads	Included	
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Fig. 10. Simulated Cerenkov angle for pions with momentum of 32 GeV/c in
a radiator. A Gaussian fit yields .

TPC/gas/ Saga University: ILC-TPC Gas Properties. The trans-
verse diffusion in through five transfer gaps of each 1.6 mm
yields m However, an “additional” diffusion
was accomplished because of the misalignment of the hole pat-
tern over the five GEM foils. This was calculated to be

m with a Monte Carlo method. Adding in quadrature one
obtains a total transverse size of the charge cloud of

m. Fig. 10 shows the result of the simulation and the
Cerenkov angle to be 33.2 mrad with . The
measured Cerenkov angle and width is in excellent agreement
with the simulation.

V. TEST-BEAM FTBF

A. Setup
The main goal of the FTBF testbeam was to assess the de-

tector performance for the identification of hadrons. Secondary
particles were produced by 120 GeV/c proton beam indecent
upon a target. The momentum range of the secondaries is
1-32 GeV/c, limited by the beamline optics. Although higher
momentum secondaries are available from the “upstream
target” most kaons produced upstream would have decayed
before reaching our apparatus, limiting our experiment to the
downstream target and a momentum of 32 GeV/c.
The same setup as used at ESTB was used at FTBF. The CsI-

coated GEM foil that has been used at SLAC was thoroughly
washed off its CsI with de-ionized water and dried with alcohol.
After this procedure a fresh CsI coating was applied to the same
GEM.
During the SLAC test, the rings were all intense enough that

they could be used to self-determine their own centers. At Fer-
milab, some of the mass/momentum combinations were close
enough to the Cerenkov threshold that one expects a rather
low photon yield and these rings could not self-determine their
own centers. To overcome this limitation, two cm
triple-GEM tracking detectors were used.
For discriminating particle species a differential Cerenkov

counter provided by FTBF was used; see Fig. 11. Two photo-
multipliers (PMT), labeled as “inner” and “outer” PMT can se-
lectively be used, dependent on the ring diameter of the particle

Fig. 11. Schematics of the FTBF differential Cerenkov counter.

Fig. 12. (Color online) Distributions for the number of responding pads for
various particles. Lower right: dependence of the squared, which corre-
sponds to the squared ring diameter, on number of responding pads.

under consideration. ThemirrorM2 has a small hole in its center
which allows small ring radii to pass onto inner PMT, else will
be reflected to outer PMT and counted. The pressure of the radi-
ator gas could be tuned so that with varying the threshold and
ring diameter of the Cerenkov signals velocities of the different
massive particles could be distinguished by selecting signals
only from the inner, respectively outer PMT. The consequence
of this setup is that kaons would give a signal in the inner PMT,
pions in the outer PMT, protons in neither. The downstream
target only provided content of kaons. For this reason, a
trigger on the inner Cerenkov counter to take “kaon-only” data
was developed. The running period was divided such that 50%
of the clock time was dedicated to kaon trigger data.
The Cerenkov threshold for kaons in is GeV/c.

FTBF was optimized for tunes in 5 GeV/c increments which
allowed for three beam momenta useful for collecting data:
20 GeV/c, 25 GeV/c, and 32 GeV/c.

B. Results
For intense rings, well above the Cerenkov threshold, it

is possible to determine the ring center using the ring itself.
The tracker/mirror alignment was fine-tuned by plotting the
correspondence between the self-determined ring center with
the direction vector of the tracks from the trackers. Once the
system was aligned (using only intense rings), rings of any
intensity were found solely based upon the tracker-determined
ring center. Histograms with responding pads for pions, kaons,
and protons can be seen in Fig. 12 in the upper two graphs
and left lower. The lower right graph there shows the expected
linear scaling [see (1)] of the photon yield with . A yield
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A	yield	of	12	photons	per	
ring	for	the	pion	 	sample	
can	 be	 concluded	 from	
these	data.			
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Complete	Set	of	Radii	Results:	

Ø  Reasonable	results	at	all	
measured	energies.	

Ø NOTE:	 	 32	 GeV	 is	 the	
highest	 available	 energy	
for	Kaons	at	FTBF.	



Scaling	of	Radius	with	expectation	 7	

1st	EIC	Yellow	Report	Workshop@	Temple	University,	March	19,	2020																			P.	Garg	

¤ All	data	is	used	with	equal	
weights.	

¤ Index	of	Refraction	is	free	
parameter.	

¤ Fitted	result:		n	=	1.000558		(as	
expected!).	



8	Understanding	the	ring	widths:	
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For:	
Δp/p	=	5.1%	
Constant	=	244	microns	
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Fig. 15. (Color online) Pion and kaon separation power: the separation is
defined as the distance from peak to peak in the - respectively K-distributions,
taken from Fig. 13 divided by the average of the widths of their distributions.
The separation power is increasing when going from hexagons used in this setup
to pads with increasing position resolution.

pad patterns that result in better position resolution and keeping
all other width contributions as measured). Fig. 15 shows the
separation power based on various readout structures that pro-
vide a certain position resolution of pads ( m, 300 m,
150 m respectively) for the photons of the Cerenkov ring. The
worst assumptions that went into the lower panel of Fig. 14
were applied to the calculation of the points in Fig. 15. If one
considers 2.5 separation, which seems to be sufficient because
of the expected sample-purity of identified hadrons for the EIC
physics program, for discriminating pions from kaons one can
see in that figure that the hexagonal readout pads used for this
detector prototype will provide separation for momenta up to
45 GeV/c, but for 500 m resolution separation can be achieved
up to GeV/c, more than required for the EIC physics pro-
gram. One can improve the position resolution to 500 m and
better by achieving charge sharing on readout structures. Fur-
ther improvements in photon position resolution are not useful
since the detector then becomes limited by dispersion in the gas.

VI. CONCLUSION
A RICH detector prototype with unique technologies, quin-

tuple-GEM readout structure and dielectric mirror was success-
fully tested and operated at two test-beam facilities. The first
test beam campaign confirmed the proof-of-principle test and
validated a set of basic observations as expected which was the
measurement of a Cerenkov ring with sufficient number of pho-
tons and with a well determined Cerenkov angle, despite the
fact that the number of photons was lower than calculated. The
second test beam campaign provided the separation of various
common particle species in collider experiments up to
momenta of 32 GeV/c. Very promising results have been ob-
tained, to name one, the rather short radiator size of a RICH but

still capable to separate various particle species in the forward
direction of collider experiments up to high momenta. One im-
portant result is the observation of required position resolution
for photon detection to maintain a good separation power in real
experimental conditions. The verification of that statement is the
subject of further R&D into an improved readout structure for
the RICH-detector and subsequent test in beam.
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Separation	Power	

The	separation	power	is	increasing	when	going	from	hexagons	used	in	
this	setup	to	pads	with	increasing	position	resolution.	
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 of K-p  Separationσ3

Pion/Kaon:							~5	GeV/c	
Kaon/Proton:		~17	GeV/c	

Performance	with	1%	momentum	resolution	

We	assume	that	if	the	lower	mass	particle	radiates,	we	can	distinguish.	To	define	"radiates"	we	
choose	about	1/3rd	of	 the	maximum	yield	 (	95%	probability	of	 seeing	one	or	more	and	5%	for	
fewer	than	one)	

Minimum	momentum	for	3σ	Separation:	
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¤ Magnetic	Field	in	RICH!	
¤ Field	shape	to	“point	at	collision	Vertex”	
¤ v×B	≈0	
¤ Although	not	true	near	beam-pipe.	

	Note:	RICH	in	Magnetic	Field:	
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12	Summary:	
v  Technology	used:	CF4	based	Ring	Imaging	Cherenkov		

v Momentum	range	covered:	Shown	

v  Robustness	of	the	design	(e.g.	sensitivity	to	magnetic	field)	and	has	a	prototype	been	
built?	No	sensitivity	to	magnetic	Field,	prototype	has	been	built.		

v  Are	the	electronics	considerations	clear	(channel	count,	data	size,	rate,	background)	
						Can	be	optimized	according	to	the	needs	

v  Time	needed	to	complete	the	R&D		and	available	workforce:	TBD	

v  Status	of	Simulation	and	Reconstruction:	TBD		

Specs	have	been	implemented	in	the	performance	code		
as	asked	by	PID	co-conveners			
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Cherenkov	Angle	determines	β	

ì 


