





MY LIFE TIME COLLABORATION WITH CZECH PHYSICISTS

IN HIGH ENERGY PHYSICS EXPERIMENTS
|.Savin, JINR, Dubna

OUTLINE

1. Introduction.
2. Experiments @ 10 GeV JINR synchrophasotron (1955-1965):.

-detector development,

-elastic scattering of positive and negative pions.
3. Experiments @ 70 GeV IHEP proton synchrotron (1968-1974).

-neutral kaon regeneration,

-neutral kaon decays.

4. Experiments @ 450 GeV CERN proton synchrotron:
-NA-4 (1974-1991),
-COMPASS (from 1995).

5. Conclusions.

1956 - 2011

Prague, 26 May, 2011
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Laboratof Vysokych Energii SUJV Dubna

(klasicky rusky realizmus)

j\ﬁb

=1 '}\ LVE TUBNA 4

10 GeV proton synchrophasotpon, largest in the world at the time, put
in operation in 1957
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-nuclear emu|SIG~_'__, e /\ % AP R

-cloud, diffusion; bubble chambers (P ){qp\ane xenon, hydrog _rv. |
-electronic detectors (scintillation and Cherenkov (solid & gas) counters, spark

chambers (op fealf¥on- -line), MWPC, DC ) and associated electronics |
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& BE

Prvni jiskrove

komory v
LVE
Dubna

experiment
npTRp

(rozptyl na thly
blizké 180°).

B, M. Guskoy, J. Heanky*)y, A L Lioomdoy, A T. Matnem, |oA Savie, A 5 VOVENKED
Jodnt drstitate far Naclear Research, Dubpa, USSR

The papac deals with matiplare apare charmbers emploved in messerements of elsic = !
packward seattecing, The busic characieristics of the spark chambers acd their e sar ibionare
described and e measarad recording etfiziencies for one parlicle apainst a kigh backeroand of
nther particles ane given, [

I INTRODL'CTION

In this paper o deseristion is given of spark chumbers used in an experiment an
elasticn™ p backward scattering |1, 2| and of their basic cheracteristics,

Figure 1 shows the layout in the beam of positive pions of the apparatus vsed
measurements of clastic i7p backward scatiering. In this expariment twn spark

Fig, 1. Aopuretus set-up for measurearents of elistic backward scaiaring. 8§, 10 55 — scirtillation

Skupina
A.L. Ljubimova.

counters, £ — diffzrential gas Cereakoy counter, € and £, — threshold a5 Lerenkoy cournlers,
M — hwydrewen farpet, SC 1 and SCTT — sparck chaombsers, M — mapenetic spectremetar, P
collimatior,
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Jiskrova komora ||

pro registraci vice castic §

Problémy s plyny z plexiglasu

a prabojem VN v rozich atd.
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A. C. BOBEARO, M. . BMMEMKODBA, S DIATRH, B, H, [YUSKOT,
4. 1, TIOBHMOB, . A. CARUH

OfuoTnasmun mmerreyr ndpuux weeasynsned, Tyims
(Hoayeno & dexacpas 104 2,) %

Heeieroreen odieRTHEROCT MEOTMILIAERMHIATOR TERDARGH KAMEDH B YLIOBRET Gont-
mnit foronoii garpyarm, Tokasano, uto sdfekTaBOOCTL Permerpaun sgauyeraomeis
HACTAIN BATA6T, CUTW QOOOLAH TACTATA LPCXOIHT T0Pes ROKPOBYE KAMSPY LOLTE KaTye-
RLIOMEER TACIALN, O 0 MOWENTA TOTA%4 44 KAMEPY TRICOKOBOTLTHONO Eamyunses. Llp:
STOM HJIHﬂHHaJllUHUHHx TACTAT HA SR THEN0CTL JETACTPATHE S0V CHAIEY TacTHL, TeM
CILTLEES, TEM DUTLIID HITXPOAT DREMBRN BEAY IPOXGRTRNRM &A1y craioweis 1 fudosod
VACTHI. I pomaiens sORMORTOL OFLACTENHE oToM AEBAIAMOCTY ¥ DEICKASARE TEK MR
M0 TOTLMIERNED S{{KTUEROCTR RERPODAY HaMCp b TAMENNY ONOBHY VGIDBELL,

'3

Prvni jiskrova komora v SUJV pracujici
na 2 a vice castic
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1. DUBNA-PRAGUE-WARSZAW experiment
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" — TN charge exchange at E=4 GeV
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M. Szeptycka, W. Wdjcik Yu, Matulenko

i

M. Jires

J. Vrana , mluvei
Prahy
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(aneb NASE ZACATKY 1l.) '

] tronické experimenty v UFVE Serpuc/l}ov
il _viaLVESUJVDubna, ... - .

-n._\__j,r";--— 2 "1—.

0

/f — Jgn Hladky, FZUAV ER V. V. B '
Sbecral agreeme ton collabo"“ _, tlon between
IHEP 'and JINR in high energy bxperlmﬁnts

el gt 76 GeV proton synchrotron
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* I A.Logunov
U-70 parameters 76 GeV, Iargest In the world, pirector of IHEP

. . . @P 2011 15
put in operations in 1967-"¢" & "



Praha 7-teaoi
The collaboration, extended later by the new members ’has performed a number
of experiments - BIS, CHARM, EXCHARM
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BIS experiment at U-70 %

One of the first experiments at U-70 —

Study of K° — K9 regeneration in
Hydrogen, Deuterium and Carbon

The goal of experiments:
study of energy dependence of the

Vﬁnf\lﬂf\lﬁﬁlf\lﬂ " FaVe Fal aVal 2al: If\h 2220 o I 11 7\ lh

Ltidllosliliioslvull 1eyclicl atlull aIIIIJIIl.UUU i LIIU

momentum range 10 — 50 GeV/c, that Is an
equivalent to measurement of the difference of
total cross-sections of K2 and KO interaction
with a matter.
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crossing geometry for selectionsof K, K¢ = 77~

3 m long H, and D, targets, C-target with d~1 g/cms3,

He filled decay volume,

e —and p - detectors for registration of Kg; and K, decays,
Si- hodoscopes for decay pattern oriented triggers,

hadron calorimeter for beam monitoring,

set of 18 spark chambers with magnetostrictive read out,
BESM-3M on line, optimized soft ware,

world class apparatus at the time of executions.

[.Savin@Prague in 2011
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J: Experiment on KO — KO regeneration%
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BIS data analysis in Prague
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Contributions of Czech physicists to BIS:

-participation in the setting up of the experiment and on-line
software,

-data taking and analysis on

KO-long-K0-short regeneration from Carbon (full Prague
responsibility),D and H,

KO-long decay form factors,

searches for new vector mesons and charm particles,

-preparations of new experiments with upgraded BIS —
CHARM,EXCHARM
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-Interference between K’ — 7"z~ and KS0 >

regenerated in H,, D, and C has been observed at high energies

for the first time.
-The modulus and phase of the regeneration amplitudes have been

2000

i _ - g
measured in the energy range 10 — 50 GeV. o § }
S F ]
¥ swf F%%
< F .ﬁ.
Q‘;——“ 0 |- ”f‘%
-The modulus and differential cross section of the transmission moE....n LU e iq.‘?&ﬁ
2 548 w20 3 lp a6k

regeneration as a function of momentum follow the power low

5000 §

predicted by the CAM model and Pomeranchuk theorem -

) mrdapn /38 /cff
S

Py
S

II’IIIIIIIIIIIIIIII!H|IHHIIIHIIITIII 7

\

Joinsl el p bl pipla byl gy

2745 10 2 prade
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Sl mantesulic,

-The phase of the regeneration
amplitude is energy independent, its
value is in agreement with prediction
from the crossing symmetry and

analytic  properties of scattering
amplitude.

-The K°pand K°p total cross
section difference has a power low
~Ap™. Rising of the K'n total  cross
section was predicted and confirmed
at IHEP by direct measurements

[.Savin@Prague in 2011
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Collaboration at CERN 450 GeV SPS..%

Lia el
,,,,,,

)

o £

Jn Ams

Director of the SPS
project — Super Proto
Synchrotron,

later CERN Diféctor






JINR @ he NA4 experlment

R.Voss,Symposium in honour ofsig@'PS@wﬁ@BOth Dubna, 7 December 201022



CERN LIBRARIES, GENEVA
CERN/SPSC/74-79
SPSC/ p1g

LD

CM-P00040015 e o e e

AN DXPERIMENT TO EXTEND 11 IRNCLUSTIVE DEEP INLLASTIC HMUON SCATTERING

O HYDROGLN AND DEUTERLUM TO Tilll HIGHEST ENERGIES AND FOUR-MOMENTUM

TRARSFERS AVAGLABLE AT THE Sps™

Sk )

7, Krienen, F., Muller, B. Narosla, €. Rubbia and G. Tarnopolsky

CERN, Gewneva, Switezerland

L. Baum, H. Hilscher, U. ieyer-Berkhout, D. Schinzel,
A. Staude and R. Voss '
Sektioun Physik der Unive-sitat, Minchen, Germany
G. Brosco, ¥. Ceradini, M. Copvoersi, M. Ferrer and R. Santonico
Istituto di Fisica Jdeil'Universiti, Roma
INFN —8@¥l0agveali “Roma, ltaly



iCERN/SPSC/74—108/P19/Add.2
I8 November 1974

Tt . T S 0 . . o T AR o ks . o . e e

Addendum by Dubna,CERN,Munich,Roma

ADDENDUM TO THE PROPOSAL FOR

AN EXPERIMENT TO EXTEND THE INCLUSIVE DEEP INELASTIC MUON SCATTERING

ON HYDROGEN AND DEUTERIUM TO THE HIGHEST ENERGIES AND FOUR-MOMENTUM

TRANSFERS AVAILABLE AT THE SPS

| e

L IS

F. Krienen, F. Muller, B, Naroska, C. Rubbia*) and G. Tarnopolsky
CERN, Geneva, Switzerland

L. Baum, H. Hilscher, U. Meyer-Berkhout, D. Schinzel,
A, Staude and R, Voss
Sektion Physik der Universitat, Minchen, Germany

G. Brosco, F. Ceradini, M. Conversi, M. Ferrer and R. Santonico
Istituto di Fisica dell'Universita, Roma
INFN - Sezione di Roma, Italy

ABSTRACT

Cost estimates and time-table are given. The total cost [12 MSF to
which we add a 107% contingency] is to be shared as follows:
[:::::] 6 MSF for CERN, and 2.7 MSF to CERN Member States. We can be

ready for the initial commissioning of the muon beam.



@ Co-operation with CERN at SPS

B 1975

A Proposal is approved to build an apparatus and study inclusive
deep inelastic muon scattering on nucleons and nuclei to the highest
energies and four-momentum transfers available at the SPS - the

NA4 experiment by the BCDMS collaboration:

B Bologna, INFN, Italy

C CERN

D Dubna, JINR

M Munich University, Germany
S Saclay, CEN, France

The first INR — CERN (USSR - CERN) experiment at CERN
JINR=USSR , Bulgaria, Czechoslovakia, DDR, Hungary
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NA4 — the First JINR-CERN Experimenii

DIS muon trajectory in the toroidal magnetic field

Muon track

v /

iron torus

a B = const.

AL ST >

U, TARGET ~

E r— 2 |
0 . [ .

|

:"-—— I )\|/2 >

Hadronic cascade

N

A

1,2 = 6.66 p_ /B

M S>M03B-15m
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NA4 — the First JINR-CERN Experimenii

High Luminosity spectrometer for deep inelastic
muon scattering
JINR contributions (~30% of total costs): 10 supermodules of iron yoke,
80 halfplanes of MWPC,
7 planes of hexagonal MWPS

halo -veto Fe shielding hexagonal mosaic frigger segmented frigger MWPC's

MWPC's counters (8 planes) counters (17 planes) (64 planes) shielding
T fargets l
b - A /_'—é‘—‘\ | 1\ L | L | | |
/ N T T ﬂ | T 1 T T T
A * ' | | \ | | [
BEAM] / \ | | | N e | 1 | E o _ahate
— S e 1 | 1 | . : 1 i il
= ‘ ‘ | | | L[ I AL
: H ghEm S H T Rl 8
SM I SM2 SM 3 SM 4 SM 5 SM 6 SM 7 SM 8
— —L_ beam hodoscopes 5,6,7 —beom hodoscopes 8,9

— : 60m — : g
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The iron yoke mi
( originally at Pragt

workshop
» |Ss about 20 t.
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Arrival of first iron modules at CERN (1977),
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MWPC production at Dubna

MWPC are designed by |.Golutvin et al....
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...Inspected by the important visitors...

[.Savin@Prague in 2011
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transported
to Geneva
by air ...

(First commercial
flight ever of IL-76
to the West,
February,1978)

[.Savin@Prague in 2011
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...unloaded
under the
eyes of an
important
delegation
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....and with a little
help from some
good old friends ...,

T N

... NA4 is getting
... ready for physics!



The NA4 technical run, 1978 %

DISFLAY H1G-58 HAd FUH 421 EVENT 3482 1% /1978 22H 11 11

TOF UIEMW 3 CHAMEBERS
| I E
[ | { | 4. |
i It
I 2
The very
first muon
traCk I LBEW Y E:_HHHE:EF!S
|

recorded by -
the JINR |
MWPC Wl -
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Contributions of Czech physicists to NA-4:

-participation in data taking and analysis of main results:
nucleon structure functions F2(x,Q2) and QCD test,
observation of the electro-weak interference,
observation of nuclear effects in SF, including at x>1;

-studies of special aspects of the experiment:
map of the solenoid magnetic field,
muon energy losses,
Fermi motion corrections to DIS,
development of new method of the QCD analysis,
on-line monitoring ,
ect.
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The NA4 heritage: the structure function F,(x,Q?) of protons.
The EMC and SLAC data corrected after the NA4 publication.
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Scaling violations: test of perturbative QCD and
measurementof the strong coupling constant

d{ln )/ dilm (°)

02 # SLAC & BCDMS Hy+ [y

o (M,2) = 0.113 + 0.003 (exp)
+ 0.004 (th)

Still a competitive

mMmaagriramant tadavyl
HHISAoOUICTIITITI 1L luuay
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Week-electromagnetic interference has been
observed for the first time in the muon-quark
Interactions....

(20 years before HERA):

WS/GIM mixing angle and Interference
Structure function xF3 have been derived from
the measured B-asymmetries....

1

N B
~_ [ b) Nucleon (BCDMS)
tOJS - @ Q%=40-180 GeV>

0.5 |

0.25 |-

_.|.+

0 0.2 0.4 0.6
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Other highlights:
Nuclear effects...

F2(x)/F’(x)

1.1

Qualitatively the EMC effect is
confirmed and corrected:
the structure of free
nucleons is different from the®™
structure of nucleons bound in-
nuclel

0.9

1.1

0.9

0.8
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(o) @ BCDMS (combined)

O EMC (Ref. 1)

(b) @ BCDMS (combined)

O Arnold et al. (Ref. 2)
O Stein et al. (Ref. 3) %
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0T - Bl G

SF at x>1, kinematically forbidden
for a muon-nucleon interaction

Fig. T The neclear strecture fenction F5 {2 as & function of r, al thres dif-
ferend values of Q7. The hatched regions shaw the range of predictions

of ref, [38],

13
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COMPASS: THE new fixed target facility at CERN /
COMPASS - History

1996 COMPASS proposal
1997 conditional approval
1998 MoU

1999 - 2001 construction
& installation

2001 technical run

2002 - 2011 data taking
COMPASS-II @CERN at least until 2015

|.$8avia@Reagueiml20ddice 57



The COMPASS Collaboration
(230 Physicists from 12 Countries)

Dubna (LPP and LNP), ' ?;‘;';;e;dl',g‘é‘::‘;‘;?"
Moscow (INR, LPI, State . o :
Freiburg, Heidelberg,

University), Protvino Mainz, Miinchen (LMU &
TV)

Warsaw (SINS),
Warsaw (TU)

Torino(Universi'ry,INFN), : Burdwan,
Trieste(University, INFN) ; : Calcutta

Czech physicists participaterin-the:Dubna & Prague teamss



. COMPASS Physics Goals. .

With muon beam: With hadron beam:
nucleon spin structure hadron spectroscopy
Gluon Polarization AG/G - Primakoff-Reactions

Transverse spin structure function -polarizability of x and K

hi(x) - Glueballs and hybrids
Flavor dependent polarized quark

+ Charmed mesons and
helicity densities Aq(x) baryons

-semi-leptonic decays

Spin dependent fragmentation _double-charmed baryons

functions

Diffractive VM-Production . = ein2011 59



COMPASS {

Beam: 160 GeV u*, pol. 80%
from 1 decay

Two-stage spectrometer

60 m long i

D

Ny

” Muon Wall Z

SM1 MWPC
— E/HCAL2
Polarized et A N — MWPC, Gems, Scifi,
NP W45 (not shown)
160 GeV
L beam Rich Wall

Straws, Gems
-~ Infrastructure

Micromegas, SDC, Scifi
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Parton Distribution Functions

Three twist-2 PDFs

q(x) M unpolarised PDF
\\O/y quark with momentum xP in a nucleon
f1 9 (X) i well known — unpolarized DIS

A ™ helicity PDF
AQ(X) -(\O»;P - {*’i?—b

quark with spin parallel to the nucleon spinin a
g1q(x) longitudinally polarised nucleon
known — polarized DIS

* 4 transversity PDF

ATC] (X) ;‘I-AH P quark with spin parallel to the nucleon spin in a
O | - (o ] transversely polarised nucleon

h9(x) A 4 “‘n.%,,.x"‘

chiral odd, poorly known
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Factorization & x-sect. asymmetries

* Inclusive scattering

_ Xgeghq(x. Q)
b g eaq(x, @2)

Semi-inclusive scattering

Ygeahq(x, Q1)DN(z, Q%)
> g egq(x; Qz) Dg(z; Q2) long. double spin asymmetry

Al =

Ay — Za esATq(x) DIz, pY)
? >qe2q(x)Dh(z, pl})

transverse single asymmetry

z=Ep/v
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HILIGHTS of COMPASS RESULTS on NUCLEON SPIN STRUCTURE
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Proton asymmetries {+» - & »

e incl. & semi-incl. asymmetries, Cc',y},;ss

e similar data for deuteron

'}.e' :_ A + An* T AH*‘
06 TP { 1P % 1P |
0.4 F- st .t t } + }
0.2 _J,qr“ Lo Ty byt
. R rE-X Lo o 4 8 * bt
C ——r ]
0.2 ; T ]
104 107 “E Anm K
0.6 1R # At
o COMPASS preliminary, | g.4F- J I
proton data 2007 - * i + + +
O HERMES PRD71(2005)| %2 *
| AL TL I
- )
0.2
102 107! 10% 101 X
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X%, Q%)acix)

(

0

J,

Q? evolution of g,(x,Q?)

Q? dependence of g, data related to gluon polarization (DGLAP)

Limited kinematic range (c.f. unpol. HERA)

_ - o SMC X a3 SMC
- I +, 5 E143 ¥ . E143
- © E155 e, . I el Q08 ¢ E155
= |k § { x0.018 + HERMES < ATE HERMES
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C .l o es Lo0a ;
o E LSS 05 { LSS 05
1 5 H z
ma F ¢ S L 5 I{{ .
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- » G5 - i e g « = "
ol a0, 170 14 HER: P - I w170
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- n i S =3 = Xl 24 — —hE. F Kl 240
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B A L1l I..-:Ill L1 1l EEE
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Q= [QeVF] Q* [QeV7]
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xXAU

xAd

The role of quark flavou{#» - € »

o o
”I‘ ‘&_’1./”

w0 « LO semi-inclusive data analysis
u.e i
N (S s 3 R %
- 0.1 i[ '
N N | |||||||l | L1 o1
. reliminal |
aﬁg:;;:igmlmnug } i %;% §£\ % T | ]
0.2 | —DMNS parametrization %Iii “=~.\_ 0F —{ - _E _} _i { %
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R I_-E_Ii.—i | 0.1 '——'_[
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h-'

D
O

IS (Q2) = ( LN Q) A = e 0 - e 0P

)(g1 5(x) ngs \dx
0.1~ “ning.2 [ /—Bjorken sum rule
i 0.18 5 } 4
0.08 - } 0.16 - H t g
.  COMPASS data - % %
- 0.14 ;
0-05:_ 0.12 §
0.04 - } O%'; 3 ¢ ;
- t \ - F COMPASS data 3
0.02}- 0.06
s S 0.04 & é
O__§{| L L 0'02;_ .
2 A 0 £ Ll I Lol I L 9
10 10 X 107 10 X .
ga/gv| = 1.28 £ 0.07(stat.) £ 0.10(syst.)
COMPASS
lga/gv| = 1.269 from neutron B decay \/S
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TMD parton distributions

e 8intrinsic transverse-momentum dependent PDFs at LO

e Azimuthal asymmetries with different angular modulations in the hadron
and spin azimuthal angles, @, and @,

quark

polarization

Boer—
Mulders

nucleon polarization

U L i ]
1 R
U f: fII B >
number density
- -
L gf o - [0 P SII ~ e
hellelty

A Y

. . h, 3 -
T hi, 5 = kﬂ: » ¥- oW transversity
hJ— B B
riE) — @
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. A A
Proton Collins asymmet®; - ¢

* Fitto COMPASS d, HERMES, BELLE (Collins FF, e*e’)
* In good agreement with new proton data

—_ 0.2 —a— COMPASS preliminary
0 — o 1
2O g4 Anselmino et al
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. A A
Proton Collins asymmet®; - ¢

* Fitto COMPASS d, HERMES, BELLE (Collins FF, e*e’)
* In good agreement with new proton data

—_ 0.2 —a— COMPASS preliminary
0 — o 1
2O g4 Anselmino et al
<L ’ arXiv:0807.0173
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BIS and NA4 have been the landmark experiments
that made original and lasting contributions to the
particle physics

Czech participants of these experiments — J.Cvach,
J.Hladky, R.Lednicky, S.Nemechek, M.Nowak, A.Prokesh,
P.Reimer, J.Strachota, J.Votruba, J.Zhachek, P.Zavada - can
be proud of their contributions

:vnarlan A Nnainand wace varv imnanrt
CAMCIICTIVUC ydiliCUu vwado vCiy 1iipuit

participation of Czech physicists in experlment
JINR, DESY, CERN, BNL

Prague team in COMPASS and annual Prague
workshops on spin physics promote the field in the
world

w
Q
.
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Thank you my dear friends and colleagues

Special thanks to Czechoslovakian Academy
of Science for awarding me with Gold medal

and to Czech Physics Society for the present
valuable award

THANKS TO ALL OF YOU
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