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Milestones

Light 2011 Workshop

First projects: spark chambers and Geiger systems
Early sixties: streamer chambers
Early seventies:

— Noble liquids detectors

— Transition radiation studies followed by many projects

— Discovery of a p-nucleon atom

— Direct lepton production
e prediction of new particles as a source (charm)

Mid seventies: acoustic method of particle detection
End seventies: drift and cathode strip chambers
End seventies: double beta decay experiment with 4°Ca
Early eighties:

— Controlled nuclear emulsion

— New detectors based on pressurized gases (up to 300 atm)
for neutrino studies

Beginning to mid-eighties: R-808 and HELIOS/NA-34
experiments at CERN ISR and SPS
End eighties: RD6
Mid nineties:
— ATLAS, HERA-B, ZEUS, AMS, TRD-based Si detectors for ILC
— SiPM and its applications
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1954: Moscow Engineering Physics Institute

= Boris Dolgoshein graduated from the
department of experimental nuclear physics
— Chair A. Alikhanian

= Boris worked in MEPhI since graduation
— PhD thesis in cosmic ray physics
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Moscow Engineering Physics Institute

1942 — Educational institution in
support of the Soviet nuclear program

1951 — all Soviet nuclear program
education centralized at MEPhI

The cosmic ray Muon Lab was
located in the basement of the
original MEPhI building in the

Moscow centre f—
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First Publications

= A winning combination of the detector techniques and physics measurements

— From the very start of a long scientific career

= Boris Dolgoshein developed as a superb experimentalist on his own

— A person who drives the new promising experimental technique to its perfection
e One of the most imaginative of experimental particle physicists — a pioneer
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Streamer Chamber

= One of the most influential papers predates Spires:
Streamer chamber:

= B.A. Dolgoshein, B.U. Rodionov, B.Il. Luchkov, Nucl. Instr. Meth. 29 (2) (1964) 270.
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1960’s: Streamer Chamber

= Inthe early sixties, Boris Dolgoshein and his colleagues invented and developed a
new type of gas-discharge chamber, the streamer chamber, and brought the
detector to perfection

= The technique competed with
bubble chambers images

=  Unlike the bubble chamber,
the streamer chamber could
be triggered (via the electric
pulse) and thus was suited
to the study of rare events

=  Because of these features,
the invention had an impact
world-wide:

A. A Brief History

Work on streamer chambers at SLAC began near the end of 1963, shortly

after the early Russian articles3’ 4, 51 appeared. Originally, this effort was

motivated by the considerable promise which these devices, as compact, isotropic

detectors of high resolution, held for colliding beam experiments at energies well

Light 2011 Workshop above 1 GeV. Within the next year, plans were also being made by a second group
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1970: Lenin Prize

=  World-wide impact was a pre-requisite for a Lenin Prize

— One of the most prestigious awards of the USSR

e Presented to individuals for accomplishments relating to
science, literature, arts, architecture, and technology

Light 2011 Workshop
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Eight-Meter Long Streamer Chamber
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= The largest streamer chamber ever built was constructed in 1968 in MEPhI by
Boris and his team

— It was 8x2x1 m3 in size and operated many years in Protvino at the U-70 synchrotron,
searching for the W boson
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Prompt Lepton Puzzle

= |n Protvino, B. Dolgoshein experiments at 70 GeV/c observed an
unexpected excess of muons

— Other experiments detected prompt lepton excess as well

e The HELIOS experiment at CERN 200 GeV/c SPS was proposed to

resolve the prompt lepton puzzle
— It became a largest CERN SPS collaboration at time (about 200 physicists)

= To search for prompt leptons, a lepton trigger was required for HELIOS

= Boris realized that rise in the beam energy leads to electron y-factors
producing transition radiation in the keV range

— Can the Transition Radiation Detector be used for the electron trigger?
e Can the Transition Radiation Detector be used as a tracker?

= As usual, the intensive and careful R&D program was carried out to move
beyond traditional transition radiation detection methods of the time
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Transition Radiation Detectors (TRD)

= Today, one cannot mention transition radiation detectors without mentioning
Boris. He was the physicist who developed and pioneered these gaseous detectors
for particle tracking and particle identification. His experience and expertise with
this sophisticated type of detector goes back to the early seventies and there is
hardly any TRD in the world to which Boris has not significantly contributed.
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= A success of first tracking TRD in HELIOS paved a roadmap for further TRD/tracker
development starting with the RD6 project at CERN (spokesman B. Dolgoshein)
— Transition Radiation Detectors of the ZEUS and HERA-B experiments at HERA

— TRD of the AMS spectrometer in the space
— and the huge Transition Radiation Tracker of the ATLAS experiment at the LHC

Light 2011 Workshop
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ICHEP 1992 Texas: Prospects for TRT at SSC & LHC
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1993: TRT Concept from RD6 Final Report

Forward

Inner SCT

Light 2011 Workshop

A. Vaniachine

15




ATLAS TRT Layout
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TRT Barrel and Endcaps
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TRT EC-A: weight 1120 kg
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Red dots show
transition radiation
hits on tracks

A. Vaniachine

18




Non-Proliferation

= L. Maiani, DG CERN, A. Gérard, ISTC Director, Moscow, B.Onykiy, MEPhI Rector
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= Press interview, 1990

Outreach

= School children lesson:

— Journey into the Matter
e Russian TV, Summer, 2010

http://www.youtube.com/watch?v=10EojcdmN o

= Russian TV interview:
— Collider will Discover New
World of Particles for Us

e September 10, 2008
http://www.vesti.ru/doc.htm!?id=208076&tid=59653
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1977: Acoustic Signals from Hadron Showers

= |n 1977 Boris proposed the detection of high-energy neutrinos by measuring the
acoustic signals from hadron showers created by the neutrinos in the ocean

— The acoustic method was realized in prototypes in the US and in Lake Baikal and is
currently explored in the context of the IceCube and ANTARES neutrino telescopes
e It may be an option for the Mediterranean KM3NeT project

= 1978, Cologne, after
presenting acoustic
Light 2011 Workshop signal detection idea
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Delayed Muon Method

Boris Dolgoshein developed the delayed muon method to search for oil:
= “Method for determination of rock density” USSR Patent 1547509, 1987
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Grand Engineering Project

= Ten years later, in the review article
“The Leptons After 100 Years” Physics Today 50 (10): 34-40 October 1997
Martin Perl provided the following assessment:
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Earth Tomography Muon storage ring  Earth surface Outer core

for neutrino beam boundary

Boris also proposed to measure the
density distribution of the Earth
using high-energy neutrino
scattering

Tomography may measure (relative)
densities along the last half of the
neutrino beam line in the Earth

The neutrino beam will probe the
middle of the Earth’s outer core at

the max depth of 3.8 103 km

Neutrino beam
Primary

beam
detector

@‘/(optional)
IceCube detector——
+“——100-200 km
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Boris with ATLAS Colleagues from MEPhI




All Work and No Play?

Light 2011 Workshop




Instead of Conclusion: Silicon Photomultipliers

= Perestroika opened access to a treasure-trove of Soviet dual-use technologies

— Among those was an idea for a needle-like limited-Geiger mode diode developed for
communications at MELZ semiconductor division in collaboration with MEPhI

= Boris Dolgoshein recognized a potential of this device as a low light level sensor
— The history of SiPM developments is a subject of the next talk

= Since Boris Dolgoshein started his research
in a field of cosmic rays, | would like to
conclude by relaying his (unpublished) idea
for a next generation cosmic ray
experiment reaching beyond the exposure
of the “Pier Auger” observatory
— An area detector with just a hundred of
~1 mm? SiPMs per square kilometer
detecting Cerenkov light from the
ultra-high energy cosmic ray shower

e Alan Watson encouraged discussing this idea
at the next World Ground Observatory
symposium, CERN, Feb 13-16, 2012
http://indico.cern.ch/event/152124

Light 2011 Workshop
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Extra Materials




Cosmic Ray Detection via Cherenkov Light in a Grid
of 1 mm? SiPM Detectors

Reconstruction accurancy of angle,

degrees

Dependence of zenith angle reconstruction accuracy
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From slides by B.Dolgoshein,
O.Novgorodova, A.Polaykova and
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= Reconstruction accuracy distribution of = Reconstruction accuracy distribution of
zenith angle 30° for a distance between azimuth angle 0° for a distance between

detectors 100 m detectors 100 m

= From slides by B. Dolgoshein, O. Novgorodova, A. Polaykova and V. Tikhomirov
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Jacobean Peak

= The search for a W boson at Protvino ended with a finding of a kinematic
singularity observed in the W boson discovery:
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Credits

= 1970 Lenin Prize winner Boris Dolgoshein, photo by Mikhail Kuleshov, RIA Novosti

= Enhanced image of streamers taken in a steamer chamber

— http://mediaarchive.cern.ch/MediaArchive/Photo/Public/
1992/9207077/9207077/9207077-A4-at-144-dpi.jpg

Obituaries:

=  Boris Dolgoshein 1930-2010, CERN Courier, Feb 23, 2011
— http://cerncourier.com/cws/article/cern/45162

= Boris Dolgoshein (1930-2010), by W. Barletta, R. Klanner,
P. Krizhan, F. Parmigiani, F. Sauli, D. Wehe, NIM A 647
(2011) 1-2
— do0i:10.1016/j.nima.2011.03.002
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