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Optics and solid state physics
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Nuclear Physics

H. Schopper
Circular Polarization of γ γ γ γ-rays: Further Proof for Parity Failure in ββββ Decay
The Phil. Mag. 2, 710 (1957)

S. Galster and H. Schopper
Circular Polarization of Internal Bremsstrahlung Produced by β β β β-Rays
Phys. Rev. Lett. 1, 506 (1958)

H. Schopper and H. Müller
Lepton Conservation and Time Reversal in ββββ-decay
Il Nuovo Cimento X,Vol. 13, 1026 (1959)



G. Hartwig and H. Schopper
β β β β –γ γ γ γ Circular Polarization Correlation of Sb124
Phys. Rev. Lett. 6, 293 (1960)

S. Galster and H. Schopper
Circular Polarization of Internal Bremsstrahlung Accompanying β β β β Decay
Phys. Rev. Lett. 6, 293 (1960)

P. Bock and H. Schopper
Search of a Parity Violation in the Nucleon-Nucleon Interaction
Phys. Lett. 16, 284 (1965)

P. Bock, B. Jenschke, H. Schopper
Search of a Parity Mixing in 180Hf by a Measurement of the Circular 
Polarization of γγγγ Rays
Phys. Lett. 22, 316 (1966)
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polarization (%)

60Co     +2.16 ± 0.36                      +26 ± 4

22Na      −2.33 ± 0.52                      −28 ± 6

Asy = B  − B 
B  + B 

(%) 



CONCLUSION
�Polarization non zero  

=>parity violated 

�Co and Na give opposite polarization

=>neutrino and antineutrino 
have  opposite helicity



Among the first 

phenomenologic  papers

to study time reversal



Elementary Particle Physics
At Cornell 1.3 BeV and DESY electron accelerator
� Structure of the proton and neutron, Phys.Rev.Lett. 7, 141 

and 144 (1961) and 6, 286 (1961)

� Form factors of the proton and neutron, Phys.Rev.Lett. 6, 
286 (1961). It was shown that the original measurements 
of form factors by Hofstadter were wrong

� Elastic electron-proton scattering at momentum 
transfers up to 110 fermi-2, Nuov.Cim. 48,140 (1967) and other 
publications
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CONCLUSION

1. No Deviation from Rosenbluth Formula

2. Real values of Ge, GM

Ge(q2) = GM(q2)/µµµµ



Elementary Particle Physics

Neutron-Proton and Neutron-Nuclei total cross 
section, N-P elastic and charge exchange scattering 
was systematically studied at PS, ISR and Serpukhov…

Hadron calorimetry technique was invented to 
measure neutron energy and direction
Nucl.Instr.Meth. 106, 189 (1973)

Unique Contribution on Neutron-Proton Physics



Elementary Particle Physics
Neutron physics at CERN and Serpukhov

� Total Cross Sections of n-p and n-d at 10 GeV/c Neutron 
Momentum       Physics Letters Vol.27B, No, 9, 599 (1968)

� n-p Elastic Scattering in the forward direction between 4 
and 16 GeV        Physics Letters 29B, 321 (1969)

� n-p Total Cross Sections between 8 and 21 GeV/c
Physics Letters 31B, 669-672 (1970)

� n-A  Total Cross Sections between 8 and 21 GeV/c
Physics Letters 32B, 716-719 (1970)



� Measurement of n-p Charge Exchange Scattering at 8, 
19 and 24 GeV/c      Physics Letters 34B, 528-532 (1971)

� Inclusive Neutron Spectra at the ISR 
Nucl. Phys. B84, 70-82 (1975)

� N-P Elastic Scattering from 10 to 70 GeV/c
Nucl. Phys. B91, 266-278 (1975)

� N-P Charge Exchange Scattering from 9 to 23 GeV/c
Nucl. Phys. B110, 205 (1976)

N-P charge exchange Scattering from 22 to 65 Gev/c
Nuclear Physics B110 (1976) 189-204



NEUTRON-PROTON TOTAL CROSS-SECTIONS
BETWEEN 8 GeVc AND 21 GeVc

Volume 3lB. number 10 PHYSICS LETTERS 11 May 1970

J. ENGLER, K. HORN, F. MOENNIG, P. SCHLUDECKER ,W. SCHMIDT-PARZEFALL. H. SCHOPPER *, P. 
SIEVERS

and H. ULLRICH
Institute Fur ExperimentelleKernphysik. Karlsruhe. Germany

R. HARTUNG and K. RUNGE
CERN, Geneva, Switzerland

and
Yu. GALAKTIONOV

Lnslitute.for Theoretical and Experimental Physics. Moscow. USSR
Received 6 April 1970

Neutron-proton total cross-sections were measured in the momentum range from 8 GeV/c to 21 GeV/c
with an accuracy of better than 2~ using a 0 ° neutron beam at the CERN Proton Synchrotron. 
The np total  cross-section drops from 39.7 mb at 8 GeV/c to 38.5 mb at 21 GeV/c. and thus follows
closely the pp total cross-sections in this momentum interval.







Measure σσσσT to 1% on Be, C, Al, Cu, Pb at 8, 11, 14, 21 GeV/c

If one fits the data to the formula, 

where Xo is the mean free path of a neutron in nuclear matter, and R 
= r0 A1/3 , 

Result: 
a) The unit radius remains essentially constant  r0 = 1.25 fm

b) Early measurements were wrong

c) The energy dependence of σσσσNA is the same as σσσσpp or σσσσNP

σσσσtot = 2ππππ {R2 – ½ X0
2 [ 1 – (R2 /X0 + ΛΛΛΛ)exp(- R2 /X0 )]}





(Sampling Total Absorption Calorimeter)









CONCLUSION

1. SCALING IN X AND P⊥⊥⊥⊥ (Independent of s)

2. NO PEAK AT x=1. (as in pp)

3. MEASURE POMERON    TRAJECTORY





n

p







The forward peak and the break at about |t| = 1 GeV /c2

are very similar to corresponding pp data



Volume 34B, number 6 PHYSICS LETTERS 29 March 1971

J. ENGLER, K. HORN, F. MONNIG, P. SCHLUDECKER, W. SCHMIDT-
PARZEFALL *, H. SCHOPPER *, P. SIEVERS and H. ULLRICH

Institut f lit ExperimentelleKernphysik, Karlsruhe, Germany
and

R. HARTUNG and K. RUNGE
CERN, Geneva, Switzerland

and
Yu. GALAKTIONOV

Institute for Theoretical and Experimental Physics, Moscow, USSR

Received 1O February 1971

The t-dependence of the differential cross-section for elastic neutron-proton charge 
exchange scattering has been measured at 8, 19.2 and 24 GeV/c. The extremely narrow 
peak in the forward direction, previously observed for momenta up to 8 GeV/c  persists at 
the higher momenta, and the t-dependence shows practically no change with energy. 
Approximate values of the absolute cross-section were also determined for these 
momenta.

MEASUREMENT OF NEUTRON-PROTON 
CHARGE EXCHANGE  SCATTERING    AT 8, 19 AND 24  GeV/c



Nuclear Physics BII0 (1976) 189-204© North-Holland Publishing Company

A. BABAEV, E. BRACHMANN, G. ELISEEV, A. ERMILOV,
Yu. GALAKTIONOV, Yu. GORODKOV, Yu. KAMISHKOV, E. LEIKIN,
V. LUBIMOV, V. SHEVCHENKO, V. TIUNCHIK and O. ZELDOVICH
Institute for Theoretical and Experimental Physics, Moscow, USSR and
Moscow State University, Moscow, USSR

V. BOHMER, J. ENGLER, W. FLAUGER *, H. KEIM, F. MONNIG,
K. PACK and H. SCHOPPER *
InstitutfuerExperimentelleKernphysik, Karlsruhe, Germany and
CERN, Geneva, Switzerland
Received 9 October 1975
(Revised 22 March 1976)

The differential cross sections for neutron-proton elastic charge-exchange scattering
have been measured with a two-arm technique for incident neutron momenta between
22 and 65 GeV/c and for values of the momentum transfer squared between 0.002 and
0.8 (GeV/c) 2. The sharp forward peak observed previously at lower energies is also present 
at momenta up to 65 GeV/c; however the s dependence of the cross section is slowing 
down.

NEUTRON-PROTON CHARGE-EXCHANGE SCATTERING FROM  22 TO 65 GeV/c



n + p     p + n



Accelerator Physics

H. Schopper
The use of AVF-Cyclotrons for Nuclear Physics
KFK 310 (1965)

J. Halbritter, R. Heitschold, P. Kneissel, H. Schopper
Coupling losses and the measurement of Q-values of super-conducting 
cavities
KFK 758 (1968)

H. Schopper 
Is the electron ring accelerator ERA useful for the acceleration of heavy 
ions ?
KFK – Externer Bericht 3/69-18 (1969)

13 PAPERS





Scientific  Leadership 
� 1957 Director of the Institute for experimental

nuclear physics, University of Mainz
� 1961 Professor at the University of Karlsruhe and 

Director of the Institute of the Technische 
Hochschule and the KfK Karlsruhe; 

� 1970-73 Division Leader and Director at CERN;
� 1973-80 Director General of DESY 
� 1981-88 Director General of CERN







4) qq-jets and search for the t-quark 6

5) Evidence for gluons 12
a) 3 gluon decay of the Y by PLUTO 13
b) gluon bremsstrahlung on evidence
provided by JADE, MARK J, PLUTO, TASSO 16



LEP Approval
� Herwig Schopper was Director-General during the approval and 

construction of the Large Electron Positron collider.

� “My first personal experience with LEP was a rigorous examination in the Committee of 
Council. One delegation was against my nomination as Director-General suspecting that I 
would favour the German DESY site for LEP instead of CERN. After I had explained my 
intentions the delegate concerned received new instructions by telephone during a coffee 
break; I was elected unanimously, and the approval procedure for LEP could start. 

� While the approval of LEP was still pending, Margaret Thatcher visited CERN. On her arrival 
she told me that she wanted to be treated as a fellow scientist and not as Prime Minister. She 
surprised me with the question why we intended to build a circular machine instead of two 
opposing linear colliders, a very pertinent question and proving her excellent briefing for the 
visit. I explained to her that in the case of LEP a circular machine was more cost effective. She 
accepted the argument and asked how big the tunnel would be for the next project after LEP. 
To my reply that the LEP tunnel would be the last ring at CERN she retorted: “Why should I 
believe you? When I visited CERN the first time John Adams told me that the SPS tunnel 
would be the last.” Nevertheless, she stated at a press conference that she had been convinced 
that the funds at CERN were used efficiently, and subsequently the United Kingdom approved 
LEP.”



� The  director-general, 
Herwig Schopper 
(centre), with Henri 
Laporte (right) in 
charge of civil 
engineering, and LEP 
project leader Emilio 
Picasso inside a mock-
up of the LEP tunnel in 
1983.



Written by the main 
protagonist responsible for 
making LEP a reality, this is 
the definitive inside story of a 
remarkable machine and the 
many thousands of scientists 
and engineers from around 
the world, whose efforts 
contributed to the new 
knowledge it produced.



Elementary Particle Physics
H. Schopper’s work on heavy quark decays at L3 at LEP



The AMS Detector

Herwig Schopper is a senior 
advisor and keeps an interest in its 

development.
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TRD
Electrons

Silicon Tracker
Mass, Charge, Energy

ECAL
Electrons, Gamma-rays

RICH
Mass, Charge, Energy

TOF
Mass, Charge, Energy

The AMS Detector

Magnet
Mass, ±±±± Charge, Energy
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Search for the Origin of Dark Matter

The scientific goals of AMS include:

A Galaxy as seen by telescope If we could see Dark Matter in 
the Galaxy



203 A/p58

The leading candidate for Dark Matter 
is a SUSY neutralino (χ0 )

Collisions of χχχχ0 will produce excess in the spectra of e+,e-

different from known cosmic ray collisions
First proposed by John Ellis



203 A/p59

The leading candidate for Dark Matter 
is a SUSY neutralino (χ0 )

Collisions of χχχχ0 will produce excess in the spectra of e+,e-

different from known cosmic ray collisions

AMS-02 (mχχχχ=200 GeV)



Benchmark “M”
(not accessible to LHC)

AMS spectra
with Mχ = 840 GeV

y06K318

AMS-02 (Projected spectrum 
from cosmic ray collisions)

p
/p

We thank John Ellis for pointing this out to us



203 A/p61

Accelerators

AMS in Space

The Big Bang origin of the Universe requires matter and antimatter
to be equally abundant at the very hot beginning

Physics examples
Search for the existence of Antimatter in the Universe

AMS

LHC



Study of high energy (0.1 GeV – 1 TeV) diffuse gammas 

AMS Physics example

The diffuse gamma-ray spectrum of the Galactic plane
40o < 1 < 100o, |b| < 5o

AMS-02

Space Experiments Ground Experiments

T.Prodanovi ´́́́c et al., astro-ph/0603618 v1 22 Mar 2006

EGRET

e+e−

γγγγ

E−

P−

E+

P+

Unique constraints
P+ = E+ = P− = E−

1. Pointing precision of 2 arcsec from Star Tracker
2. UTC time (from GPS, µsec accuracy) allows to relate 

AMS measurements with other missions
Both the Star Tracker and GPS were suggested by Herwig Schopper 



AMS Photon Detection EGRET GLAST
Magnetic Spectrometer                 Non-Magnetic Shower Detectors

A. Identify gamma rays from → e+e− Identify γ with 8 X0
with magnetic pair spectrometer calorimeter only

Energy resolution    ∆Eγ(10 GeV)=1.5% ∆Eγ=20-25% ∆Eγ(10 GeV)=6%

Angular resolution   ∆θγ < 2 arc-sec ∆θγ ~ 30 arc-sec ∆θγ ~ 5 arc-sec

Energy Range         0.1 Gev – 1 TeV 0.03 GeV – 1 GeV 0.01 GeV – 300 GeV

Signal/Background  ~ 10-8

Timing Resolution   1 microsec (with GPS)

B. Redundant energy measurement 
with 16 X0 calorimeter

GLAST

EGRET

AMS



Pulsars in the Milky Way:
Pulsar: neutron star sending radiation in a periodic way.

Emission in radio, visible, X and gamma

AMS: energy spectrum for pulsars in the 100 MeV – 1 TeV and
pulsar periods measured with µsec time precision

Similar studies can be made for Blazers and Gamma Ray Bursters

(current measured precision to millisec with energy ~ GeV)



AMS is manifested on flight STSAMS is manifested on flight STSAMS is manifested on flight STSAMS is manifested on flight STS----134, scheduled to lift off at 07:30am July 29, 2010.134, scheduled to lift off at 07:30am July 29, 2010.134, scheduled to lift off at 07:30am July 29, 2010.134, scheduled to lift off at 07:30am July 29, 2010.Herwig, we do hope you will be there on this occasion!Herwig, we do hope you will be there on this occasion!Herwig, we do hope you will be there on this occasion!Herwig, we do hope you will be there on this occasion!



Mark E. Kelly 
(Captain, USN)

Gregory H. Johnson 
(Colonel, USAF, Ret.)

E. M. “Mike”Fincke 
(Colonel, USAF)

Andrew J. Feustel 
(Ph.D.)

Roberto Vittori
(Italian Air Force Colonel)

Gregory Errol Chamitoff 
(Ph.D.) 

AMS FLIGHT STS-134 ASTRONAUTS

will be at CERN on October 13 - 16, 2009



BOOKS
� Particle Accelerators                                               Vieweg 

& Sohn 1955 and Pitman & sons 1967; 

� Weak Interaction and Nuclear Beta-decay     Gordon 
and Breach 1965; 

� Materie und Antimaterie 
Piper 1989;



Scientific Leadership
� 1977 Chairman of the Association of German Large 

Research Laboratories AGF,
� 1992-94 President of Deutsche PhysikalischeGesellschaft, 

member of the Scientific Council of the Joint Institute for 
Nuclear Research Dubna, Russia, member of Kuratorium of 
the Max-Planck-Institute for Plasmaphysics, Garching, 

� 1994 member of UNESCO Physics Action Council and 
chairman of the Working Group on Large Facilities

� 1994-1996 President of the European Physical Society, 
Chairman of Scientific Council of Regional Office for 
Science and Technology of Europe UNESCO, 

� 2003- President of International Council of SESAME.



Recognitions
� Dr. Honoris Causa: University Erlangen, State University Moscow, University Geneva, 

University of London, Joint Institute of Nuclear Research, Dubna, and Institute for High 
Energy Physics (Russian Academy of Sciences), Russia;

� 1957 Physics Prize of the Academy of Sciences Göttingen,
� 1958 Carus-Medal of the Academia Leopoldina at Halle,
� 1978 Ritter-von-Gerstner-Medal,
� 1984 GroßerSudetendeutscherKulturpreis,
� 1985 Golden Plate Award American Academy of Achievement(USA),Gold Medal Weizman 

Institute (Israel),
� 1989 Grosses Bundesverdienstkreuz,
� 1990 Forum Engelberg Prize
� 1991 Wilhelm-Exner-Medal (Österreich);
� Honorary Member of the Hungarian Academy of Sciences
� 1994 J.E.Purkyne_ Memorial Medal of the Academy of Sciences of the Czech Republic;
� 1996 Order of Friendship, Russian Federation, President Yeltsin
� 2003 Grand Cordon of the Order of Independence, King Abdullah II of Jordan;
� 2004 UNESCO Albert Einstein Gold Medal;

Tate Medal of American Institute of Physics;
Medal of Honour, Cairo University;

Silver Medal of SESAME International Council
� 2005 UNESCO-Denmark Niels Bohr Gold Medal



Congratulations
on your

extraordinary contribution 
to scientific leadership

to nuclear physics 
and 

particle physics


