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Sheldon’s CV 

● Education:
– Brooklyn Technical High School, New York City 

– B.S. Physics, Brooklyn College (1967) Cum Laude 

– Ph.D. Physics, University of Rochester (1972) 

● Positions: 
– 1971 - 1973 Research Associate, Vanderbilt University 

– 1973 - 1979 Assistant Professor of Physics, 
Vanderbilt University (1977-79 on leave at LNS) 

– 1979 - 1991 Senior Research Associate Laboratory of Nuclear Studies, 
Cornell University

– 1991-2021 Professor, Syracuse University 
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Brooklyn Technical High School, New 
York City

B.S. Physics, Brooklyn College (1967) 
Cum Laude

Ph.D. Physics, University of Rochester 
(1972) 

Sheldon was born in 1946

Positions:
1971 - 1973 Research Associate, Vanderbilt 
University

1973 - 1979 Assistant Professor of Physics, 
Vanderbilt University (1977-79 on leave at 
LNS)

1979 - 1991 Senior Research Associate 
Laboratory of Nuclear Studies, Cornell Univ

1991-2021 Professor, Syracuse University 
Sheldon, and Tom Ferbel



Personal Memories
● I met Sheldon first in the late 1980s 

– He visited PSI where I was a PhD student. 
– I got hooked on flavour physics by lectures

from him and others at a winter school in Zuoz. 
– Since then our paths crossed frequently

and he influenced me profoundly. 
● In the early 1990s, Sheldon hired me 

as a postdoc in Syracuse. 
– Working along him was great, I admired his knowledge of 

and passion for physics and he had a nose for exciting CLEO analyses.
– In my last year at Syracuse we designed the CLEO III RICH. 

● Sheldon was a proponent of a B-physics experiment at a hadron collider
– In 1996 he became Co-Spokesman of BTeV experiment at Fermilab
– I started LHCb so for several years we were friendly competitors. 

● Sheldon was good company
– I had left CLEO but we regularly met, e.g. at conferences.
– We enjoyed going for meals and a good bottle of wine. 
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Beginning of Heavy Flavor Conference Series
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T.S.

Sheldon 1986 in Heidelberg



Sheldon and RICH detectors 

● RICH Workshop series
– Sheldon was a member of International Scientific Advisory Committee 

from 1995 to 2013

● 1st workshop RICH 1993 - Bari (Italy)
– Artuso, M. et al , A fast ring imaging detector for the CLEO upgrade

– Syracuse proposes a FastRICH for CLEO upgrade

– Starts collaboration with
Ypsilantis, Seguinot, Arnold et al.

● Backstory
– In 1993 Cornell loses bid for 

asymmetric B-factory to SLAC 

– Cornell obtains funding for
for CESR and CLEO-III upgrades
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RICH1993 at Bari
Klaus Honscheid, Sheldon, Marina and Ray Mountain

https://doi.org/10.1016/0168-9002(94)90573-8


Sheldon proposes CLEO-III RICH

● CLEO III RICH design and construction
– Proposed and led by Syracuse group 

under Sheldon’s leadership

● Main features of CLEO III RICH

– Fast RICH principle

– LiF radiator and CaF2 window

– TEA & Methane photosensor

– MWPC coupled to cathode pads

● Challenges
– UV based  quantum efficiency 135 – 165 nm

– Photon detectors 

– Mechanical design for radiator and window
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Dinner at Chateau Farges

● In my last year at Syracuse I contributed to the CLEO-III RICH Design
– In summer 1994 we went to CERN for a testbeam of a prototype Fast RICH 

detector with a CsI photocathode, led by Tom Ypsilantis, Jacques Seguinot et al.

– It quickly became clear that the device did not work as expected.

– We were quite depressed, also hungry,
and we went for dinner at Chateau de Farges. 
It was there and then that - over good food and wine –
Sheldon, Marina and I first discussed 
a CLEO-III RICH design using 
methane gas and triethylamine (TEA) 
as photosensor and a LiF radiator.
We left in a much better mood.
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Château de Farges



CLEO III RICH protoype

● CLEO III RICH prototype
– Designed and constructed at Syracuse

– I had experience with MWPCs
and built the wire chamber 
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RICH1995 at Uppsala

● RICH1995 – Uppsala (Sweden)
– Syracuse contributions

– M. Artuso, The ring imaging detector for CLEO-III

– S. Playfer et al, 
Prototype studies for the CLEO-III RICH

– A. Efimov et al, Monte Carlo studies of a 
novel LiF radiator for RICH detectors

● Results from CLEO-III RICH prototype
– Using cosmic ray test stand

– Plateau of ~12.5 photo electrons

– ”These results convince us that a RICH detector
can be successfully built for CLEO III. “
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322 s. Playfer et al. I Nucl. Instr. and Meth. in Phys. Res. A 371 (1996) 321-323 

noise performance of 200 electrons. We use 63/128 
channels on each chip to read out the cathode pads. The 32 
chips are mounted on ceramic chip carriers, which in turn 
are mounted on readout boards. The readout boards are 
daisy-chained into four repeater cards that further amplify 
the signals, and send them to a IO-bit ADC for digitization. 
We received two batches of Viking chips with gains of 35 
and 7OmV/fC, but equalized out the gains in the repeater 
cards so that one ADC count always corresponds to 178 
electrons. 

The noise level of the complete system is measured to 
be 400 electrons. There is very little coherent noise, and 
the system has been stable for several months. The only 
problem has been the lack of input protection on the 
Viking chips. As a consequence of sparking during 
chamber operation, one chip is dead and another has 
become very noisy. 

3. Results 

The prototype has been operated in a cosmic ray stand 
with two different types of triggers. If we trigger on 
charged tracks passing through the radiator at an angle of 
incidence of 30”, we observe the ring image in the 
detector, but not the charged track itself, due to the small 
width of the detector. Alternatively we can trigger on 
charged tracks that pass through the photon detector, in 
which case we do not observe the photons in the ring 
image. At present the cosmic ray stand does not have any 
tracking chambers, so the track parameters at the radiator 
are not known. 

Figs. 2(a) and 2(b) show examples of events in which 
we detect the ring image. Clusters of pads corresponding to 
single photoelectrons can be seen. The sum of many events 
(Fig. 2(c)), shows the acceptance of our trigger, and the 
low level of background hits and electronic noise. The 
dead areas at rows 38, 57 and 76 are due to the joints in 
the CaF, window and the ceramic spacers between the 
anodes and cathode pads. 

The typical operating point for the prototype is with the 
anodes at + 1500 V and the window strips at - 1350 V Fig. 
3 shows the charge distributions of the reconstructed single 
photoelectron clusters for several different anode voltages. 
The distributions are exponentials corresponding to gains 
in the IO4 range. The noise level of 400 electrons is less 
than a tenth of the first bin. At these voltages the 
photoelectrons do not saturate the ADC, but the charged 
tracks do. We have been able to operate the chamber with 
the anodes at + 1700 V, when even the photoelectron 
clusters are in saturation. 

We select ring image events that have at least one 
cluster, with a geometric distribution consistent with a 
track through the radiator. Since we do not have in- 
formation on the track parameters, we are unable to 
distinguish clusters that belong to the image from noise 
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Fig. 2. (a) and (b) Pad distributions for single ring image events, 
and (c) for the sum of many events. 

and background clusters. To eliminate electronic noise we 
have made a very conservative cut at 6u (about 2000e), 
even though we believe it is possible to eventually use a 
3a cut. We have also removed 180 pad channels that are 

CLEO-III RICH Prototype 

Pulse Height per Photoelectron (10’ e) 

Fig. 3. Photoelectron pulse height disttibutions at different anode 
voltages. 
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Fig. 4. Plateau curve for methane + TEA 

noisy, most of which are near the edges of the detector, 
and do not affect the acceptance significantly. 

Fig. 4 shows the number of photoelectrons observed in 
the detector as a function of the anode voltage. There is 
clear evidence of the onset of a plateau at about 1350 V. 
On the plateau there are 12.5 photoelectrons per event. If 
the noise cut is reduced to 3a this number increases to 
13.5. There are a number of corrections in going from this 
number to the true number of photoelectrons per image. 
There are geometric acceptance losses due to the finite size 
of the detector, and due to the removal of the noisy pads. 
There are also losses of real photoelectrons and gains of 
fake photoelectrons due to the declustering algorithm used 
for separating overlapping photoelectron signals. These 
corrections have been studied with a Monte Carlo simula- 
tion. We find that the declustering algorithm leads to a net 
loss of about two photoelectrons. Our results correspond to 
a total of 15 photoelectrons per image after declustering, 
with 13.5 photoelectrons being inside the geometric ac- 
ceptance of the detector. 

The data with charged tracks passing through the 
detector have been used to study the effect of large signals 
on the electronics, and to study additional clusters in the 
detector. At the normal operating point of 1500 V, the 
saturated pulses from charged tracks give large cluster 
sizes of about ten pads. There is some contribution to this 

cluster size from Cherenkov photons and delta rays 
produced in the window. Away from the charged track we 
observe 0.7 additional clusters per event if the track passes 
through the LiF radiator, and 0.2 additional clusters if it 
does not. The clusters from the LiF have pulse heights 
consistent with single photoelectrons, and have a 1 /r2 

distribution about the charged track. This is consistent with 
incoherent photon production in the radiator as noted in 
Ref. [5]. Extrapolating these additional clusters to the 
angular acceptance of the ring image data. we calculate a 
correction of 0.5 for clusters not associated with the image. 
We have confirmed this estimate of 0.5 extra clusters by a 
visual scan of the ring image events. 

4. Conclusions 

We have built and tested a prototype RlCH detector with 
a LiF radiator and CH, + TEA as the photosensitive gas. 
Using Viking VA2 chips to read out the 2016 cathode pads, 
we have achieved a very good noise performance of 400 
electrons. The prototype has been operated at gains of a 
few 104, where the photoelectron pulse height distributions 
are exponential. At these gains the detector is on plateau, 
indicating good efficiency. The observed yield is about 13 
photoelectrons per image, in agreement with our Monte 
Carlo studies. These results convince us that a RICH 
detector can be successfully built for CLEO III. 
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VIII. PROPOSED EXPERIMENTS 

PE yield vs high voltage
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Sawtooth radiator

● Coffee discussions 
– π−K separation at p of 2.8 GeV/c  is ~3σ

Can this be increased?

– At z = 0 photons in LiF will undergo
total internal reflection, need to tilt mirrors
This requires space and is difficult

● Novel radiator concept
– Sheldon and Alexander Efimov - Sawtooth radiator

– Simulations first presented at RICH1995
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the radiators have been described previously [8].
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Fig. 4. Sketch of a plane radiator (top) and a sawtooth radiator (bottom).
Cherenkov light paths radiated from a charged track normal to each radiator are
shown.

The overall radiator shape approximates a cylinder of radius 82 cm. Indi-
vidual radiator crystals are placed in 14 coaxial rings of 30 crystals each,
centered around the beam line and symmetrically positioned about the in-
teraction point. The 30 crystals segments are parallel to the wire chambers.
Inter-crystal gaps are typically 50–100 µm. The crystals are attached to the
exterior surface of a 1.5 mm thick carbon fiber shell with a low outgassing
epoxy.

The inner four rings are made of sawtooth radiators. Lengthy production time
as well as cost limited our use of these novel objects.

2.3 Photon Detectors

The photon detectors have segmented cathode pads 7.5 mm (length)× 8.0 mm
(width) etched onto G10 printed-circuit boards (PCBs). The pad array was
formed from four individual boards, each with 24 × 80 pads, the latter split
into two 24 × 40 pad sections with a 7 mm gap. Each board was individually
flattened in an oven and then they were glued together longitudinally on a
granite table where reinforcing G10 ribs were also glued on. The ribs have a
box-like structure. There are 4 longitudinal ribs that traverse the entire length.
Smaller cross ribs are placed every 12 cm for extra stiffening. The total length
of the pad array is 2.46 m.

Wire planes were strung with 20 µm diameter gold plated tungsten with a
3% admixture of rhenium; the wire pitch was 2.66 mm, for a total of 72 wires
per chamber. The wires were placed on and subsequently glued to precision
ceramic spacers every 30 cm. The spacers extend 1 mm above the cathodes,
and therefore are 3.5 mm from the CaF2 windows. We achieved a tolerance

6

A. Efimov et al. I Nucl. Instr. and Meth. in Phys. Rex A 36.5 (199_T) 2X5-290 287 

depth. The grooves run along the 234 cm length of the 
detector, i.e. along the z-axis. To explore the potential 
of such radiators, we performed Monte Carlo simula- 
tions of of different facet angles always keeping the 
average thickness of the radiator at 10mm. Although 
we have simulated both radiators, we show results 
only for the more shallowly faceted one. The smaller 
facets give somewhat better performance in that the 
spread in thickness of the radiator is much smaller. 
Quantities of interest are the angular resolution per 
photoelectron, the average number of photoelectrons, 
the resolution per track and the probability of pions 
faking kaons. The angular resolution per photon 
changes because of differences in the chromatic error, 
which is influenced by the angle of the photon with 
respect to the normal as it leaves the surface [5]. 

In order to compare different facet angles expediti- 
ously, we did not use a full GEANT simulation, as we 
removed multiple scattering and hadronic interactions. 
In Fig. 3 we show the average number of detected 
photoelectrons as a function of incident track angle, 
cos 0. for different teeth angles, where larger angles 
refer to sharper teeth. In order to more closely 
simulate the actually detector geometry, with a fixed 
length photon detector, we included mirrored ends 
with a reflectivity of 80% at 150 nm. Also shown is the 
flat radiator for the non-tilted sections. The optimum 
angle is close to 45”. (Note, the Cherenkov angle is 48” 
for relativistic tracks.) 

In Fig. 4 we show the resolution per photoelectron. 
Also here the optimum angle is close to 45”. The 
angular resolution per track is shown in Fig. 5. Al- 
though the angular resolution typically characterizes 
the detector performance the image of the photoelec- 
trons here has a complicated shape. In Fig. 6 we show 
the light pattern for a track normal to the radiator. for 
a 45” tooth angle. Recall, that for a flat plane radiator 
no light exits from radiator surface. The image consists 

cos(0) 

Fig. 3. The average number of photoelectrons detected as a 
function incident track angle for different “tooth” angles. 
The expected photon yield has been degraded by 20%. 

Fig. 4. The angular resolution per photon as a function of 
incident track angle for different “tooth” angles. 
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Fig. 5. The angular resolution per track as a function of 
incident track angle for different “tooth” angles. The ex- 
pected photon yield has been degraded hy 20%. 
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Fig. 6. The image pattern for tracks normal to the radiator. 
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Fig. 3. The average number of photoelectrons detected as a 
function incident track angle for different “tooth” angles. 
The expected photon yield has been degraded by 20%. 

Fig. 4. The angular resolution per photon as a function of 
incident track angle for different “tooth” angles. 
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Fig. 5. The angular resolution per track as a function of 
incident track angle for different “tooth” angles. The ex- 
pected photon yield has been degraded hy 20%. 
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Fig. 6. The image pattern for tracks normal to the radiator. 



Syracuse RICH talks

● RICH 1998 - Ein Gedi (Dead Sea, Israel)
– Invited talk - S Stone, Physics results from RICH detectors

– R. Mountain et al., The CLEO-III ring imaging Cherenkov detector
Results from Fermilab test beam

● RICH 2002 - Pylos (Greece)

– S. Blusk, Design and expected performance of the BTeV RICH

– M. Artuso et al. Construction, pattern recognition and performance of the 
CLEO-III LiF-TEA RICH detector

– R. Mountain, Development of a hybrid photodiode and its front end electronics 
for the BTeV experiment

● RICH 2004 - Playa de Carmen (Mexico)
– R. Sia, Performance of the LiF-TEA Ring Imaging Cerenkov detector at CLEO

– M. Artuso, The BTeV RICH front end electronics

– T. Skwarnicki, Beam test of a C4F8O MAPMT RICH prototype
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CLEO-III RICH construction

● Photon detectors
– Built and assembled at Syracuse

– Presented at RICH1998 and RICH2002
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Sheldon, JC Wang discussing databoards

A completed photon detector

Inside 30 photon detectors, Sacha Kopp



CLEO-III RICH installation
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Start of mating photon detectors with radiators

Ray Mountain and Sheldon, Transfer to Cornell/ CLEO Inserting into CLEO magnet

Almost finished



CLEO-III RICH

● Performance
– First CLEO-III then CLEO-c at charm threshold

– O2 level kept below a few ppm

– Photon yield kept constant

– Excellent π−K separation 

– At  p = 1 o 1.5 GeV/c  (CLEO-c)
fake rates at 1%

– M. Artuso et al., The CLEO RICH detector
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Fig. 1. The transmission of the LiF and CaF2 optics for the CLEO RICH, along
with the measured quantum efficiency of CH4 plus TEA gas [4].

electrons and multiplied. Finally, signals are picked up with sensitive low-noise
electronics. No optical focusing elements are used; this is called “proximity-
focusing” [6]. The scheme is shown in the upper left of Fig. 2, while the
placement in CLEO is shown in Fig. 3.
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Fig. 2. Outline of the CLEO RICH detector design.
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Fig. 41. The values of the Cherenkov angular resolution for single photons for data
compared with Monte Carlo simulation as a function of radiator ring number. The
four-rings of sawtooth radiators are in rings numbered 1 and 2, at the center of the
detector.
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Here θ is the measured angle, θexp is the “true” (or most likely) angle and σθ is
the angular resolution. To use this formula, the parameter n is fixed to value
of about 5.

The data in Fig. 40 are fit using this signal shape plus a polynomial background
function. We compare the results of these fits for the resolution parameter σθ
as a function of radiator ring 19 for data and Monte Carlo simulation in Fig. 41.
Here we use the symmetry of the detector about the center to map two full
physical radiator rings into a single ring number, with ring 1 being closest
to the middle. The single photon resolution averaged over the detector solid
angles are 14.7 mr for the flat radiator and 12.2 mr for the sawtooth.

The number of photons per track within ±3σ of the expected Cherenkov angle
for each photon is shown in Fig. 42 and shown as a function of radiator row
in Fig. 43. Averaged over the detector, and subtracting the background, we
have a mean number of 10.6 photons with the flat radiators and 11.9 using
the sawtooth radiators.

The resolution per track is obtained by taking a slice within ±3σ of the ex-
pected Cherenkov angle for each photon and forming an average weighted by
1/σ2

θ . These track angles are shown in Fig. 44.

19 Effectively, this shows the dependence of the resolution on polar angle.
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Fig. 42. The number of photons detected on Bhabha tracks (top) for plane radiators
and (bottom) for sawtooth radiators. The dashed lines are predictions of the Monte
Carlo simulation.
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Fig. 43. The number of photons as a function of radiator row for Bhabha events.
(Sawtooth radiators are in rings 1 and 2.)

The r.m.s. spreads of these distributions are identified as the track resolutions.
We obtain 4.7 mr for the flat radiators and 3.6 mr for the sawtooth. The
resolutions as a function of radiator row are shown in Fig. 45.
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Fig. 49. Distribution of 2 ln (Lπ/LK) ∼ χ2

K − χ2
π for 1.0-1.5 GeV/c kaons (filled)

and pions (open) identified with the D∗ method.
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Fig. 50. Pion fake rate as a function of particle momentum for kaon efficiency of
80% (circles), 85% (squares) and 90% (triangles).

The distribution of the 2 ln (Lπ/LK), is expected to behave as the difference
χ2
K −χ2

π. This χ
2 difference obtained for 1.0-1.5 GeV/c kaons and pions iden-

tified with the D∗ method is plotted in Fig. 49. Cuts at different values of this
variable produce identification with different efficiency and fake rate. Pion fake
rates for different values of kaon identification efficiency are plotted as a func-
tion of particle momentum in Fig. 50. Here when the fake rates get below a
few percent there are other systematic effects that enter. For example, doubly
Cabibbo suppressed decays where the Do decays into a K+π− rather than a
K−π+ have a relative branching fraction of 0.4% [33].
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https://inspirehep.net/literature/685298


Sheldon in BTeV

● BTeV
– Sheldon was an early proponent of BTeV experiment at Fermilab

– In 1996 Sheldon became Co-Spokesman of BTeV

12/09/2022 Franz Muheim - RICH2022 14

BTeV spokespersons – Sheldon and Joel Butler



BTeV RICH

● BTeV RICH
– Syracuse designed RICH detector

Sheldon, Marina Artuso, Steve Blusk, 
Ray Mountain, Tomasz Swarnicki, JC Wang

– Replaced C4F10 with C4F8O RICH gas radiator

– Used MaPMTs as photon detectors

– Presented at RICH2002 and RICH2004
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Tomasz Skwarnicki, Sheldon, 
Marina, Steve Blusk



BTeV RICH

● BTeV RICH prototype
– Built at Syracuse and tested 

with beams at Fermilab

– Presented at RICH2004
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Sheldon in LHCb

● Sheldon and Syracuse joined LHCb in 2005
– When BTeV was cancelled, I was very happy 

to help to get his group into LHCb.

– We resumed working closely together.

– Sheldon hadn't lost a step.

● Sheldon in LHCb

– He became one of the most prolific producers of LHCb papers.

– Making sure that we published early after switching on LHCb and again at the 
beginning of Run II. His physics knowledge and insight was as always superb.

– He was on the team that discovered pentaquarks.

– Sheldon and me were both pushing the LHCb upgrade, 
he was LHCb upgrade coordinator. 

– He was deputy project leader of the upstream tracker until the end.

12/09/2022 Franz Muheim - RICH2022 17

LHCb week Barcelona 2005



LHCb RICH

● LHCb RICH magnetic distortion calibration system 
– Syracuse built magnetic distortion 

calibration system for RICH1
– Collimated LEDs on moveable bar,

retracted during collisions
– Cherenkov angle resolution per photon 

improved by a factor of 2

● RICH 2010, Cassis France
– F. Muheim, The ring imaging Cherenkov 

detectors of the LHCb experiment

● Paper
– A. Borgia et al, The magnetic distortion 

calibration system of the LHCb RICH1 detector
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https://doi.org/10.1016/j.nima.2010.09.158
https://doi.org/10.1016/j.nima.2013.08.039


Sheldon’s RICH talks

● RICH 1998 - Ein Gedi (Dead Sea, Israel)
– Invited talk - S Stone, Physics results from RICH detectors

– “It takes a Village to build a RICH, a village of knowledge cultivated at this 
conference. There are several different technologies … 
producing great results in neutrino physics, b decays and QCD. “

● RICH 2013 -
Hayama (Kanagama, Japan)

– Invited talk - S Stone, 
Use of RICH detectors for physics
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RICH 2013, Hayama

https://doi.org/10.1016/S0168-9002%2899%2900365-4


Panofsky Prize

● 2019 W.K.H. Panofsky Prize 
in Experimental Particle Physics Recipient

– Sheldon Leslie Stone 
Syracuse University

● Citation: 
– "For transformative contributions to flavor physics 

and hadron spectroscopy, in particular through
intellectual leadership on detector construction 
and analysis on the CLEO and Large Hadron Collider 
beauty experiments, and for the long- standing, 
deeply influential advocacy for flavor physics 
at hadron colliders." 
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Sheldon was a polymath

● Enormous productivity
– Huge numbers of papers in CLEO and LHCb , backed up by analysis notes

● Gifted speaker and great communicator
– Gave  talks a ~100 conferences and workshops and  lectured at ~10 schools 

● Forward looking with superb physics insight
– Proposing a new detector at CESR (CLEO II), initiating R&D for CsI(Tl) calorimeter 

– Led the design and construction of CLEO-II calorimeter 
– Pushing for a B-factory, for a B-physics experiment at a hadron collider
– Proposing RICH detector for CLEO-III 

– Proposing to operate CLEO/CESR at charm threshold 
– Pushing for LHCb upgrade, LHCb upgrade coordinator

● Passion for physics, talking with
– People at all career stages

– Experimentalists and theorists
– Detector builders and data analysts
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RIP Sheldon

● Sheldon - we miss you
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Sheldon and Marina at Lake Placid
LHCb week 2017



Backup
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The end
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