
Forty years of 
high-energy 
physics in 
Protvino 
The Institute for High Energy Physics near 
Serpukhov in Russia is celebrating four 
decades of research and international 
collaboration in particle physics. 

In March 1958 the g o v e r n m e n t of t he U S S R took the dec is ion to 
c reate a new scient i f ic cent re for h igh-energy phys i cs , w h i c h inclu­
d e d the cons t ruc t ion of an acce le ra to r a n d exper imen ta l faci l i t ies. 
T h e des ign and geo log ica l s e a r c h for a site w e r e s o o n s ta r ted , and 
af ter cons ide r i ng s o m e 4 0 p l a c e s , a s i te on t he left b a n k of the 
Protva r iver 15 km f rom S e r p u k h o v in M o s c o w R e g i o n , R u s s i a , w a s 
c h o s e n . T h e project concep t w a s d e v e l o p e d under the leadersh ip of 
Vass i l y V lad im i r sky , a n d in 1960 the cons t ruc t i on of t he 70 G e V 
pro ton s y n c h r o t r o n ( U - 7 0 ) b e g a n . A t t he t ime , it w a s t he b iggest 
p ro ton acce le ra to r under cons t ruc t i on . 

O n 15 N o v e m b e r 1963 the Institute for High Energy Phys ics ( IHEP) 
received separa te institute s tatus, with Anatol i Logunov appo in ted its 
d i rector a mon th earl ier. T h e creat ion of an eff icient t e a m of sc ien ­
t ists and specia l is ts f rom D u b n a , M o s c o w and Kharkov b e c a m e a 
dec is ive factor in push ing fo rward the cons t ruc t ion of the m a c h i n e , 
the exper imenta l a rea and the inf rastructure of the new cent re . 

T h e r esea rch p r o g r a m m e w a s d e t e r m i n e d by the Sc ient i f i c 
Coord ina t ing C o m m i t t e e tha t w a s c rea ted at IHEP in 1964 . It w a s 
c o m p o s e d of lead ing sc ient is ts f r om IHEP and o ther inst i tutes in 
t he U S S R : t he Inst i tute for T h e o r e t i c a l a n d Expe r imen ta l Phys i cs 
( I T E P ) , the Jo in t Inst i tute for Nuc lea r R e s e a r c h ( J I N R ) , the Insti tute 
for N u c l e a r R e s e a r c h ( I N R ) , t he L e b e d e v Phys ica l Inst i tute ( L P I ) , 
M o s c o w S ta te Un ive rs i t y ( M S U ) , M o s c o w E n g i n e e r i n g P h y s i c s 
Inst i tute ( M E P h l ) , t he K u r c h a t o v Inst i tute ( K I A E ) a n d t he B u d k e r 
Inst i tute for N u c l e a r P h y s i c s ( B I N P ) . T h e t ime l y f o r m a t i o n of t he 
f irst pr ior i ty r esea rch p r o g r a m m e a n d t he cons t ruc t i on of t he 
e x p e r i m e n t a l fac i l i t ies a l l o w e d e x p e r i m e n t s to beg in at U-70 
immed ia te l y after the m a c h i n e ' s c o m m i s s i o n i n g , and n e w resul ts 

The Institute for High Energy Physics*as it is today, with a 
clear view of U-70, the 70 GeV proton accelerator. 

in part icle phys i cs w e r e s o o n ob ta i ned . 
A n o t h e r m iss ion to be a c c o m p l i s h e d w a s the es tab l i shmen t of 

w ide - rang ing in te rna t iona l c o l l a b o r a t i o n . T h e cons t ruc t i on of t he 
biggest proton acce le ra to r in t he wor ld o p e n e d up new possibi l i t ies 
in s tudy ing the m i c r o c o s m , a n d m a n y fore ign phys ic is ts exp ressed 
an in terest in tak ing par t in t he fu tu re resea rch p r o g r a m m e . 
H o w e v e r , it w a s not a s i m p l e t ask to o rgan i ze in ternat iona l co l ­
laborat ion unde r t he cond i t i ons of the t ime . Phys ic is ts f rom IHEP 
held ta lks w i th sc ien t i s t s f r o m C E R N a n d S a c l a y in F r a n c e , a n d 
C E R N d i rec to r -genera l s V i c to r W e i s s k o p f a n d Be rna rd G r e g o r y 
p layed a s igni f icant role in he lp ing to es tab l ish IHEP 's in ternat ional 
co l laborat ion wi th C E R N . 

IHEP s igned the fo l lowing a g r e e m e n t s as ear ly as 1 9 6 6 / 7 : 
• T h e a g r e e m e n t conce rn i ng scient i f ic a n d techn ica l co-opera t ion 
b e t w e e n C E R N a n d t he S ta te C o m m i t t e e of the U S S R on t he 
Uti l ization of A t o m i c Energy (4 J u l y 1967 ) . 
• T h e a g r e e m e n t b e t w e e n the Sta te C o m m i t t e e of the U S S R on the 
Util ization of A tom ic Energy and the Commissa r i a t on A tomic Energy 
of France conce rn ing jo in t scient i f ic research in h igh-energy phys ics 
at the 70 G e V acce le ra to r ( 11 O c t o b e r 1966 ) . 
• T h e a g r e e m e n t conce rn ing scient i f ic co l labora t ion be tween I H E P , 
S e r p u k h o v a n d J I N R , D u b n a ( 1 6 Apri l 1966 ) . 

T h e a g r e e m e n t wi th C E R N a s s u m e d the fu l f i lment of a jo in t pro­
g r a m m e , w h i c h i nc luded t h e d e s i g n a n d cons t ruc t i on of a fas t 
ext ract ion s y s t e m and RF separa to r , as wel l as the prepara t ion a n d 
execu t i on of jo in t e x p e r i m e n t s . T h e C E R N - U S S R Jo in t Sc ient i f ic 
C o m m i t t e e w a s f o r m e d to coo rd ina te a n d rev iew this p r o g r a m m e . 

C o m m i s s i o n i n g a n d f i r s t e x p e r i m e n t s 
T h e in jector - a 100 M e V l inac ( L - 1 0 0 ) - w a s put into opera t ion in 
J u l y 1967 , a n d t un ing t he p ro ton b e a m in U-70 b e g a n on 
29 Augus t . A c i rculat ing b e a m w a s a c h i e v e d on 17 S e p t e m b e r and 
on 12 O c t o b e r a p ro ton b e a m w a s acce le ra ted up to the crit ical 
ene rgy (8 G e V ) . T h e C E R N de lega t ion at I H E P , h e a d e d by Bernard 
G r e g o r y , c o n g r a t u l a t e d I H E P o n th is s u c c e s s , but e x p r e s s e d the 
op in ion tha t m o r e w o r k a n d m o r e t i m e w o u l d be n e e d e d to l> 



These milestones and signatures of the people who took part in 
tuning the accelerator, or who were in the control room at the 
time, were left on a schematic layout of the machine. Among Bernard Gregory opens the champagne in the "Orbita" cafe in 
them are the signatures of Bernard Gregory and Anatoli Logunov. Protvino at 4.00 a.m., just after commissioning U-70 in 1967. 

French president Georges Pompidou visiting Protvino in 1967. The official opening of the Mirabelle bubble chamber in 1971. 

pass the crit ical ene rgy and reach the des ign ene rgy of 7 0 G e V . 
H o w e v e r , on the night of 14 Oc tobe r , a record pro ton energy of 
76 G e V w a s ach ieved in U-70. 

O n e of t he f irst e x p e r i m e n t s on the U-70 acce le ra to r , w h i c h 
w a s carr ied out by a jo in t I H E P - C E R N t e a m of phys ic is ts , w a s the 
m e a s u r e m e n t of the y ie ld of s e c o n d a r y par t ic les p r o d u c e d by 
70 G e V p ro tons on in terna l ta rge ts . T h i s wo rk i nvo l ved h igh-
resolut ion gas-di f ferent ia l C e r e n k o v coun te rs wi th ve ry low back­
g r o u n d ( ~ 1 0 - 6 ) , and it a l l owed the s t u d y of p i o n , kaon and 
anti-proton y ie lds up to m o m e n t a of 65 G e V / c . As a result, the new 
p h e n o m e n o n of sca le i nva r i ance w a s d i s c o v e r e d in hadron ic 
interact ions at IHEP. 

Immediate ly after the measu remen ts of secondary particle y ields, 

the I H E P - C E R N t e a m b e g a n to s tudy the energy d e p e n d e n c e of 
total c ross-sect ions in hadron interact ions. T h e results of s tud ies of 
total c ross-sec t ions in the ene rgy range be low 30 G e V con f i rmed 
the wel l k n o w n data ob ta ined at the B r o o k h a v e n Nat iona l Lab­
oratory in the US and at C E R N . Howeve r , at energ ies higher than 
3 0 G e V , wh i le the tota l c ross -sec t ions for K" m e s o n s a n d 
protons rema ined constant , c ross-sect ions for K + mesons began to 
rise. T h e rise of the total c ross-sect ions for K + p interact ions in the 
range 1 5 - 5 5 G e V / c w a s equa l to a few per cent . A n u m b e r of 
in ternat ional con fe rences in h igh-energy phys ics f ocused on th is 
new p h e n o m e n o n a n d the d i scove ry b e c a m e known as the 
" S e r p u k h o v ef fect" . T h e m e a s u r e m e n t s of total c ross-sec t ions at 
h igher energ ies at C E R N and at Fermi lab con f i rmed the resul ts 



that the I H E P - C E R N team had 
obta ined at U-70, and the rise 
in total c ross-sec t ion w a s 
f ound to be a un iversa l phe­
n o m e n o n for all hadrons . 

T h e ag reemen t wi th France 
a s s u m e d the product ion and 
de l i ve ry to IHEP of a large 
hydrogen bubble c h a m b e r f o r 
e x p e r i m e n t s wi th s e p a r a t e d 
had ron b e a m s . Insta l led at 
the 70 G e V acce le ra to r in 

The rise of the total 
cross-sections for K+p 
interactions in the 
range 15-55 GeV/c 
was equal to a few per 
cent...the discovery 
became known as the 
"Serpukhov effect". 

1 9 7 0 / 1 , the chamber , wh ich 
w a s cal led Mirabel le , took more than th ree mil l ion p ic tures and 
p roduced a n u m b e r of excel lent phys ics results. 

C o n t i n u i n g c o l l a b o r a t i o n 
T h e jo int research p rog ramme at U-70 with physic is ts f rom J I N R , 
C E R N , the US and J a p a n has con t inued to the present day . T h e 
mos t wel l known phys i cs resul ts c o n c e r n high sp in m e s o n s , 
g lueba l ls and hybr ids , wh i le in de tec to r and acce le ra to r t ech ­
n iques impor tant work has been d o n e on polar izat ion ef fects at 
high energ ies , GAMS- t ype spec t romete rs , l iquid-argon spec t rome­
ters , lead- tungstate crysta ls for e lec t romagne t i c ca lor imet ry and 
b e a m extract ion by bent crysta ls . Of part icular note are the inven­
t ion of RFQ focus ing and the cons t ruc t ion of the first RFQ l inac, 
URAL-30 , at IHEP. 

After the commiss ion ing of the larger acce lera tors at Fermi lab 
and at C E R N , the physic is ts at IHEP began to take an act ive part in 
the exper imen ts at h igher energ ies . T h e s e inc luded the neutr ino 
e x p e r i m e n t s wi th the 15 ft bubb le c h a m b e r ; po lar izat ion ex­
pe r imen ts and e x p e r i m e n t s wi th DO at Fermi lab ; expe r imen ts 
wi th G A M S - 4 0 0 0 , E H S and B E B C at C E R N ' s S u p e r Proton 
Synchro t ron ; and exper iments with DELPHI at LEP and with PHENIX 
at RHIC, B rookhaven . 

N o w a d a y s , phys ic is ts f rom IHEP, toge ther wi th t hose f rom 
J I N R , C E R N , INR, ITEP, M S U , M E P h l , LPI , KEK and the Universi ty of 
Mich igan, are cont inuing their research p rog rammes at U-70 in the 
f ields of m e s o n spec t roscopy , K-meson rare d e c a y s , polar izat ion 
effects and neutr ino interact ions. A un ique channe l of separa ted K-
mesons is under construct ion at IHEP, the basic e lements of wh ich 
are two superconduct ing def lectors received f rom C E R N . A m o n g the 
latest results that have been obta ined at U-70 are high-precision 
measu remen ts of charged kaon decays , spin asymmet r ies in inclu­
s ive react ions and new data on the search for exotic mesons . 

Co l labora t ion be tween IHEP and C E R N rema ins s t rong to this 
day , with physic is ts f rom IHEP part ic ipat ing in the A L I C E , A T L A S , 
C M S and LHC-B exper iments at the Large Hadron Coll ider ( L H C ) , as 
wel l as in the design and product ion of equ ipmen t for the LHC. T h e 
mos t notable contr ibut ions m a d e by the physic is ts f rom IHEP are 
s e p t u m magne ts for b e a m in ject ion and extract ion s y s t e m s , DC 
circuit b reakers , d u m p resistors and c o m p o n e n t s for the C M S for­
wa rd hadron ca lor imeter and the A T L A S m u o n s y s t e m . 

N i k o l a i T y u r i n , IHEP. 

H i g h S p e e d M D R 
H a l o g e n f r e e C a b l e s , 
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