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VEPP-4 accelerator facilities
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L=2x10**30 cm%c’
L= 8x10**31 cm2c!

Circumference, P (m) 366.075
Revolution frequency, fj (KHz) 818.024
Revolution period, T} (ns) 1221
Maximum energy., E (GeV) 5.37
Momentum compaction factor, & 0.017
Betatron tunes, {,/Q; 8.54/7.58
Synchrotron tune, ¢, 0.012
Namral chromaticity, £/ £ -14.5/-203
Parameters at 1.8 GeV
Damping times, /5 (ms) 70/35/70
Horizontal emittance, & (nm-rad) 17
Energy spread, o=/E 4x10
Bunch length, o7 (cm) ]
Energy loss/turn, Al (keV) 16
IP optical functions, £ / 8 /5, (m) 0.05/0.7/0.78




VEPP-4 complex pictures
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New experimental station for fast
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VEPP-4ID High-energy physics:
some advantages of VEPP-4 - KEDR

» Unique beam energy range from 0.9 up to 5.5 GeV;

» Measurement of the beam energy using resonant depolarization method
with the record accuracy 105, not reached at any other laboratory
of the world;

* Routine monitoring of the beam energy using the Compton
backscattering method with the accuracy of 5-10-;

» Universal detector KEDR comparable with modern detectors used for
high-energy physics experiments at the electron-positron colliders:
- system of registration of scattered electrons and positrons with the
record resolution 10-3,

- the fine energy and spatial resolution in a LKr calorimeter
(3.5% and 1 mm, E =1.8 GeV) ,

- system of aerogel Cerenkov counters.
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Mass measurements at VEPP-4: history

VEPP-4M

Particle E, MeV Accuracy, AE/E Detector Years
Jhy 3096.93+£0.10 3.2:103 OLYA 1979-1980
¥ (2S) 3685.00+0.12 3.3110° OLYA 1979-1980
Y 9460.57+0.09+0.05 1.210° MD-1 1983-1985
Y 10023.5+£0.5 5.0-10°% MD-1 1983-1985
Y 10355.2+0.5 4.8-10° MD-1 1983-1985
Jhy 3096.917+0.010+0.007 3.5-10 KEDR 2002-2008
¥ (2S) 3686.114+0.006+0.010 2.0-10¢ KEDR 2013

y(3770) 3772.9+0.5+0.6 2.1-10* KEDR 2002-2006
Do 1865.43+0.60+0.38 3.8-10* KEDR 2002-2005
D+ 1863.39+0.45+0.29 2.9-10* KEDR 2002-2005
T 1776.697017 +0.15 1.310* KEDR 2005-2008

Why mass measurement?

*Fundamental parameter
*Test of theoretical models
*Bench mark on the mass scale of elementary particles

KEDR Jly, .y(2S):
in order improved as
compared with OLYA

*Bench mark on the energy scale of a given collider (J/y, w(2s) masses used
in BEPC-II - lepton mass experiment)
*Absolute calibration of momentum measurements in detector tracking systems
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VEPP-4M ) Recent results

KEIP 2013 ——
BESIII 2013 Bl
KEIP 2012 KEIP 2010 e ——
CLEO 2005 ——
KEDR 2003 Lol 2o
MARK I 1975
OLYA 2000 FRAM 1975
SPEC 1975
E760 1993 .
0 n_{r I 1.05 1.1
Lo Jf0)f T el T f10)
85‘3 8‘6 86‘.1 86.2 86.3 . .
(M (1(28)) — 3600], MeV The ratio of the electron and muon widths of the J/iy meson
o e has been measured using direct J/y decays.
The compilation of the results on y(2S) mass. The measurement result Fe+e /Mu+y is in a good

. H *4 -6
Relative accuracy of the KEDR result is about 2*10-°. agreement with the lepton universality
Recent papers on the VEPP-4 HEP activity :

*High precision particle mass measurements using the KEDR detector at the VEPP-4M collider(In Russian) .
Uspekhi Fizicheskikh Nauk 184(1) 75-88(2014)

*Results of measurement of psi(3770) parameters at KEDR/VEPP-4M.(In Russian) Yadernaya Fizika, 76(2013)92-97

*Measurement of the ratio of the lepton widths Gamma_{ee}/Gamma_{mumu} for the J/psi meson. Phys. Lett.

B731(2014)227
*Measurement of psi(3770) parameters Physics Letters B711(2012)292-300

The following experiments are planned for 2014:
escanning at energy 2E = 3.1-4.0 GeV for the measurement of R
ecollection of statistical data at the peak of the g (3770) meson to measure the mass D_mesons



VEPP-am ) SR experiments at VEPP-3
http://ssrc.inp.nsk.su/conf/SR2014

6 - Time-resolution luminescence

7 - SR beam stabilization F
8 — EXAFS spectroscopy Hj g g
10 — Metrology/EXAFS in soft .

X-ray

oa_LIGAandx_rayIithography l’..rr.-".-'.r.-".rr.-'rr A Tl ol A i il L i i n’r.-’!.r’!.fr.-fl_.l"_ﬁ
0b — “Explosion” !
2 - Precision diffractometry '
and anomalous scattering ! ob,c g g ‘% g
3 - X-ray fluorescence analysis E 4 bb,c
4 - High-pressure diffractometry . ‘E ™~ B E'— —{]
5a — X-ray microscopy and . g - S p—
micro-tomography ’ ' _______.__E-—I
5b — Time-resolution diffractometry ! ‘& 7 “
5c¢ — Small-angle X-ray scattering g IR ﬂ
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VEPP-4M ) SR experiments at VEPP-4

I By (3 E¥TI-4

~===New SR experimental hall at VEPP-4

...... 'E"t.r

'l-. Qe
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Beam lines in the VEPP-4
SR experimental hall



VEPP-4M ) SR experiments at VEPP-4

Study the fast processes proceeding in a detonation wave, at the front of a shock wave

I aya CH i
0.1 mm
- 210 mm
3 #IJ I mm 3
Ezl}mm
1-Gas X-ray detector DIMAX,
2 - explosive 3-SR
16  RDXpressp=171 d=15mm Experimental setup for density distribution reconstruction.
i . | B
: o2
(\ D= 8.3 kmjs pd, g/em
1.4 n
< ] \ 3.5
E. 1.3 \-“. 3
12 LW " 2.5
e ~ 2
11 .‘l-“/'\ - '-:_ 1-5
1.0 41— wgungw - = 1
1 0 1 2 3 4 gﬁ

Shock front is measured in a single pulse
Turn by turn measuring the density distribution in shock

Recorded up to 500 frames



VEPP. ) SR experiments at VEPP-4

Amplitude diffraction grati_ng__l

B Phase gratin

Talbot interferometer a) b)
(a) — Absorption contrast,
The Talbot interferometer, created at VEPP-4M (b) — Tomographically reconstructed three-dimensional
and used for solving problems of a computer structure of a strawberry from a set of phase projections.

X-ray tomography and microscopy, opens up
possibilities for research in such science fields as:
geology, materials technology, archeology, biology
and are especially important for medical research.

Small low-contrast details, such as a stalk, leaves
and seeds which are not distinguishable at absorption
contrast are well visible.



VEPP-4M _) Nuclear physics at VEPP-3

The electro-nuclear experiments with internal targets at the electron-positron storage ring VEPP — 3 have
been performed by BINP for several years . During this time the data on the tensor analyzing power in
reactions with deuteron have been obtained, the two-photon exchange contribution in (ep) -scattering have
been measured . Further progress of experiments is connected with introduction into VEPP-3 a quasi-real
photon tagging system, which will allow performance of a series of measurements of the polarization

observables in various reactions with photon energy of up to 1.5 GeV.

vent count vs. strip number
P

In absence of GEM the role
of tracker was performed
by segmented sandwich

Layout of a new experimental section "Deuteron”.  tast of the photon tagging system trigger

In 2013 the tagging system was introduced into VEPP-3 ring and tested with electron and positron beams.

The spectra of the bremsstrahlung and the annihilation radiation were detected at zero angle of the tagging
system
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Thrice-repeated partial depolarization

All three measured energy values

are in the 6 keV interval (3x 10-6)
due to guide field drift

In the precision measurements of the mesons masses resonance depolarization method was used for
beam energy calibration with accuracy 10"-6 . An energy drift 10"-4 was critical for thous experiments
therefor NMR data of guiding magnetic field measurement and temperatures of magnets, tunnel and
cooling water were used for beam energy reconstruction between energy calibrations. Accuracy
achieved (3 - 10) x 107-6 was enough for thouse experiments.

But at VEPP-4M another experiment of CPT-invariance test by comparison of spin precession frequencies

of electron and positron simultaneously circulating in VEPP-4M storage ring with accuracy 10”-8 is planned.
The error of this experiment directly depends on stability of guiding magnetic field therefore long term stability
and field pulsation are the great of importance.

Long term (hours) stability 107-6 allow one to find optimal parameter for the measurement. High-
frequency pulsation (up to 5 Hz) lead to broadening of resonance spin precession frequency. This effect
increases statistical error of the experiment.
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VEbP-4D

NMR-based system

Dipole magnet

--------------------

I —

NMR sensor m—

 Power supply

GUIDING FIELD STABILIZATION SYSTEM

Induction method

Main Field
Power
Supply
Unites

; - ; magnetometer I F'
"""""""""" | contactless [
current meter CONMR
The essence of the method is measuring the field ripples by the
induction sensor to adjust the current in the magnet with the help of
105 4 lw N parallel connected to IST current generator, which is opposite to the
: e " measured ripples.
M FBon 10'57———————————————————————————‘
—— Stablzaton s ON | The graph shows
e B 0° T eblmionisOFF] ) f that at a frequency of
F — T — — < 5 Hz suppression of
A S0 -7 T ripples is more than
o™ im"’ 7777777777777777777 by 10 times, ata
2*10% T ; : frequency of 10 Hz - 3
I L L - O‘SH 1‘le times, at a frequency
® T T iz Z Z Z =
Frequency of 30 Hz - 2 times.
Field measurement error <0.5-10° Field measurement error <0.5-107
System bandwidth 0.1 Hz System bandwidth 10 Hz
Range of the field deviation +10* Range of the field deviation +2*10*
Field variation with the feedback loop 2106 Field variation with the feedback loop | 4107
closed in 0 - 0.1 Hz bandwidth closed in 1-30 Hz bandwidth

Pavienko et. al. METHOD OF BROADBAND STABILIZATION
OF THE VEPP-4 MAIN FIELD. Poster session A, October 07
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VEPP-4M ) : :
Comparison of e* and e beam energies

| VEPP-4M energy |

—@— electron calibrations
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RF separation of colliding beams at the technical section

Goal: to exclude contribution (~107°) of electrostatic orbit separator influence to systematic error in
CPT test experiment based on comparison of spin frequencies of electron and positron

Principle scheme

=

RF separation
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EEE—

Design two-turn closed orbit
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Beam-beam simulation

Distribution in plane of betatron amplitudes
at various values of orbit separation in TS

- 3 )
X = m {fﬂ:‘. EFT!."'T — 11|
Some first

experimental data of
the RF separation
system test in the end
of 2012-begin of 2013

BPM data with 2 e bunches

SEPOD

Even turns
N
Odd turns

T T | I [ |
-6.0 -4.0 -2.0 0.0 2.0 4.0

X, mm

163

1e-x1e* bunches separation test

electrons positrons

Figure 6: SR images of the 1.1 mA electron (left) and
the 0.3 mA positron (right) bunches on the TV monitors
while applying the RF separation at the 6.5 kV peak volt-
age. Electrostatic separation system is fully off.
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VEPP-4P

Luminosity formulae (flat beam)
L o }/ Ié:‘l’ _ N i e ﬁ:
2er, B, 21y O

Monochroma tization parameter

;L’m =—= nx ; > O-x = O-JE,B + O-is = O-xﬂ 1+ ;L'ii
V &P

*
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B an

Increase in VEPP-4M luminosity at low energy

In 2014, we performed an experiment in order to increase the luminosity of the collider VEPP- 4M at a low energy (<2 GeV).

Distribution in betatron

amplitude plane

A},'I vﬂ_eyﬂ‘io_c‘urﬂq_hx]_q@@rqyﬁﬁﬁ
35.

0. Ax
0 15.

1,=3.0 mA, B,=65cm, £,=0.036

IP with dispersion

Increase in A, owing to reducing B, (not ¢, — emittance!) results in:

sincrease of critical current due to decrease of &,

*Increase of critical £, because of coupling resonance suppression

VEPP-4M base structure

With beta_x in IP reduced by half

Ty T TRl i
160, Win3z version 831767 . . = . E tapr3 izagaz L, s WindZ yersion 831067

1802013 {74032, o

B B D, T ' I = e B

Ay | v4_ey30_curs(_bx2_qx542 qy566
35.

0. Ax
L L m e R
0. 15.

,=5.0 mA, B,=32.5cm, £,=0.053

The result of the experiment

After double decrease of Bx resulted in
increasing of a threshold current by half.
accompanied by Bx beating at the ring
though. After studying the problem,
experiments will be continued
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VEPP-4M ) Summary

 Since 2002 VEPP-4 collider with detector KEDR provides world-
class results for HEP community

« Many other experimental programs (SR, nuclear physics, test
beam, accelerator physics study, etc.) are successfully performed at
the accelerator facility

Plans for the coming two years :
« Scanning at energy 2E = 3.1-4.0 GeV for the measurement of R
» Collection of statistical data at the peak of the y (3770) meson
to measure the mass D _mesons
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