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VEPP-4M ) VEPP-4M schematic view
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VEPP-4M | VEPP-4M parameters and experimental programs

Circumference, P (m) 366.075
Revolution frequency, fy (kHz) 815.924
Revolution period, T, (ns) 1221
Maximum energy, E (GeV) 5.3
Momentum compaction factor, 0.017
Betatron tunes, (/0 8.54/7.58
Synchrotron mne, ¢, 0.012
Namral chromaticity, &/ £ —-14.5/-203
Parameters at 1.8 GeV
Damping times, £/%/% (ms) T0/35/70
Horizontal emittance, g (nm-rad) 17
Energy spread. oe/'E 4107
Bunch length, oz (cm) ]
Energy loss/turn, Al (keV) 16
IP optical funciions, £ / 8. /5, (m) 0.05/0.7/0.78

Detector KEDR for HEP experiments
Electron tagging system at VEPP-4M
for two-photon experiments

SR experiments at VEPP-3

SR experiments at VEPP-4M

Internal gas target for nuclear physics
at VEPP-3

Electron/gamma test beam facility for
detector calibration

Compton backscattering system

High resolution polarization
measurement system for CPT study
Sophisticated beam diagnostics for
accelerator experiments



VEPP-4M ) VEPP-4M complex pictures
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VEPP.am )  VEPP-4M time sharing (2000-2010)
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VEPP-4M ) VEPP-4M/KEDR features for HEP

e Beam energy range varied from 0.9 GeV up to 5.0 GeV

e Beam energy calibration using resonant depolarization method with the
record accuracy of 10°

e On-line monitoring of the beam energy using the Compton back
scattering method with the accuracy of 5-10-°

e 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 103,
- liguid-krypton electromagnetic calorimeter,
- system of aerogel Cerenkov counters.



VEPP-4M Beam energy measurement

http://v4.inp.nsk.su

Resonant depolarization provides a record Compton back-scattering — routine energy
accuracy in energy calibration monitoring during HEP experiment runs
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VEPP-4M ) Particle mass measurements at VEPP-4

Particle E, MeV Accuracy, AE/E Detector Years

Iy 3096.93+0.10 3.2.10°° OLA 1979-1980
' 3685.00+0.12 3.310° OLA 1979-1980
Y 9460.57+0.09+0.05 1.2:10°° MD-1 1983-1985
Y 10023.5+0.5 5.0-10°5 MD-1 1983-1985
Y 10355.2+0.5 4.810°° MD-1 1983-1985
Iy 3096.917+0.010+0.007 3.5.10°¢ KEDR 2002-2008
' 3686.119+0.006+0.010 3.0-10°¢ KEDR 2002-2008
" 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 2910 KEDR 2002-2005
T 1776.697514+0.15 1.3-10 KEDR 2005-2008
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VEPP.am ) Tau lepton mass measurement
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Tau mass measurement at KEDR. Nuclear Physics B (Proc. Suppl.) 189(2009)21-23
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VEPP-4D

High-precision measurements of the y-family meson masses provide the energy scale in

the range around 3 GeV, which is the basis for accurate determination of masses of all
charmed particles.

High-energy physics: J/y, y'and "

Particle | AM/M (PDG) <

0 0.1.10°6 ©

0.1.10°6 0k M,,, =3096.917+0.010+0.007 MeV

e 0.1:10° [l M, =3686.119+0.006+0.010 Mev

7, 0.1.10° 3 times improved

w* 2.5-106 =3/ (29+0.5+£0.6 MeV

' 3.0-10°6 10 Y 2 times improve 7 '
Iy 35107 ':mlm' —ne T wBn w0 Do
70 4510 E MeV

Only 5 particle masses has been measured with higher accuracy
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VEPP-4M |/  Hadron cross-section (R) measurement
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VEPP-4.M ' Near future — high energy run

Max current (HEP mode):
e-: 20 mA, e+ 10 mA

Nearest future planS: Max current (SR mode):
measurement of the fl e 30mA

hadron cross-section R { In 2x2 bunch operation we hope to have
and yy-physics in the 50-60 mA per beam

beam energy range up
to 4.5 GeV

Feedback Cn —

e e e e A R S _.Egmar

3.7x10% max
2.5%10% mean
Limited by e+e- currents in VEPP-3

VEPP-4M test run in 2011 at
high energy.

Maximum current with
feedback systems ON (up)
Luminosity at 3.5 GeV (left)

Operation at 3.5 GeV

H 7x10%9 at Jhy

SRR e e .23-[~.,13r



VEP P--;w ) High resolution tagging s_:ystem for two photon
physics
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The only facility where the total cross section of y» —hadrons can be
measured precisely and reliably



VEPP-4M ) SR experiments at VEPP-3
; http://ssrc.inp.nsk.su

ol A L P Pl Lo o i’f’.-"."'r’.l".r’f.l"ﬂ_.l"lfﬂ

b, p_ g2 5
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Ob — “Explosion”
2 — Precision diffractometry
and anomalous scattering
3 — X-ray fluorescence analysis
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5a — X-ray microscopy and
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5b — Time-resolution diffractometry
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VEPP-4M ) SR experiments at VEPP-4

| I | Beamep (3 ¥4 |

’L'.'ff*:“"” New SR experimental hall at VEPP-4

7-pole electromagnet wiggler New experimental station for
Installed recently at VEPP-4  fast processes study

Beam lines in the VEPP-4
SR experimental hall



VEPP-;M ) Nuclear physics at VEPP-3

Experiments with internal gas target (H or D, polarized or unpolarized) have been
carried out for many years
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VEP p_,;w ) Extracted e-gamma test beams for methodology

Electrons circulating in VEPP-4M produce gamma rays, which can be
used directly or generate e*e" pairs to calibrate detector components
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VEPP-4M | Precise polarization experiments

- New Touschek polarimeter is semtiacon
commissioned. The registration

efficiency is increased by an order of VEPP-4M
magnitude.

- Total count rate at 2 mA beam current
is now 1.5-2.0 MHz (was 0.1-0.2 MHz).

- An absolute record 1.5-10° accuracy VN :
of the measurement of depolarization _ Run 3065 1852.84
frequency is achieved. o ] R N
- For CPT test experiment, the 108 o e e S e
. SLOPE1  2216e-06+ 3 581606 : @ oY
accuracy of comparison of the electron 0.026| siopez 9023005 - 3717005 |3 : :
and positron spin frequency is real S el
now. =3 - { E=(1852.266978 £ 3.4810"") MaB
= 0022 J ; . . .
T oo2f
“Nano- resolution”: 0.016f- So oo gegrgasrysysps
= _ME%EHM%MH%HH
scan rate = 2.5 eV/s an14 - BEEEEEEREEEEEEEERERE NS
relative error ~10° 0 100 200 300 400 500
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VEPP-4M | Touschek count rate vs beam energy

» Touschek count rate has been measured in a wide energy range at the same machine.

» The degree of energy dependence measured is -2.2+ 0.2 for the counting rate normalized by
the bunch current squared and multiplied by the ratio of the reference beam volume (at 1.85
GeV) to the actual one.

» Theoretical estimations give the corresponding degree of -3.5.

* In accordance to the experiment, one can rely on 12 kHz count rate of Touschek particles at
5 GeV and 10 mA of the beam current.

» The rate is sufficient to apply theTouschek polarimeter for the RD technique.
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VEPP-4M | Resonance Crossing observation

A unique SR monitor — Fast Beam Profilometer allows us to observe the transverse
beam profile evolution in a turn-by-turn manner during 107 turns. As an example of
the device potential, the resonance crossing experiment results are shown below:

Av=0L06EI-0.6656

Phase trajectories

at the resonance
3v,=23 (left) and near
the resonance (right)

Creation of the resonance
island and particles
trapping in the adiabatic
limit.

Time evolution of
the vertical beam
distribution in the
case of particle
trapping in the
resonance island

The vertical beam profile blowing up
while crossing the resonance



VEPP.4y )X-S beam rotation for ultra-short bunch generation

Beam tilt develops in 1/2 of synchrotron oscillation after transverse kick

5Ly mm ' Measured BPM signal at VEPP-4 e
i B [ Tﬂmo oo oq after beam was kicked with a vertical kicker A
5L u
oL A
_5 | =
10l B eeteres 2 lheam = 0-98 MA, U = 450 kV |
asl Turn number =
O 100 200 500 400 500

Tilted bunch (or X-rays from it) can be transversely collimated |

4 i . - .
Simulation: n order to generate much shorter bunch of particles (or X-rays).

21
" Train of short bunches suitable for plasma wake-field
e O acceleration experiments can be produced using this technique.
™ 2l Experiments at VEPP-4 showed that this method works

< 1 mA (N < 10 particles). For more
41 y-chromaticity = +51 intense beams decoherence of betatron oscillations due to
head-tail interaction becomes important.
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VEPP-41D Longitudinal feedback system

. 0" separatrix pulses
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VEPP-4M ) Longitudinal feedback system ON/OFF
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VEPP-4M ) Transverse bunch-by-bunch feedback system
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VEPP-4M )

Nominal Injection Energy
Ej=1906 MeV (1=4.13]
Itrvert field of the m /2
solenoid in beam-line to
irmvert a helicty of one of
the collidings beams

T (VEPP -3)=33min

Longitudinally polarized beams

(Project for VEPP-4: 1981, 1983)

VEPP-4M

Spin precession tune

¥y =1/2 regardless of
energy

Pulse it /2-solenoi

e

m-solenoid

\

. ' I —
degree fortime ¢ = 3000 s; P. =P, expi -~ | = e initial degree
. T;)

J

Lad

Both electron and positron polarizati ons available in luminosity run.
Y 2
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Depolarization time with SS:

54 :
r,x 2 IS By ) B
11 7°v° '

v =7a

B(v,v,)—betatron factor

VEPP -4M Sokolov - Ternov time :
VERRAM

S

70 hours at1.85 GeV

Estimate with B(v,v, )

(no optimization):

7,=160min at E =1777 MeV

r, =120 min at £ =1846 MeV

7, =425minat E =1548MeV

Siberian Snake (55) insert with decoupling:
Two SC124 cm x 72 kG solenoids (1.98 GeV)
Five 20 cmx{up to 2.8 kG/cm) quads

Total length=430 cm




E =3GeV
Emittance = 1 nm
Current = 500 mA
RF 180 MHz exists

SRS SRRERA

In a long (~70 m)

straight section a set of
IDs is located




VEPP-4M ) Super Ct Factory Prototype (from ¢ to y)

Crab Waist e*e- Factory
providing in the energy
range from 0.5 GeV to 1.55
GeV the peak luminosity
from 1034 to 5x1034 cm~2s

PerP YT OTN

Energy per beam E (GeV) 0.5 1 1.55

L=32m
B=3T
lam=0.1m

Emittance £, (nm) 10 4 25 .

Hor.damping 1. (ms) 70 30 15 N s — 1
Bunch length a; (mm) a 5 4

Energy spread og = 10° 1.3 1 0.96

RF voltage Ugre (MV) 028 1 22 “ n
Particles per bunch ny, x 10" 1.4 | e

Lifetime Touschek 17 1000 2000 3000 B
BB parameter &, 0.06 0.12 0.12 ' """ I I 'l ].D' ------- [

Luminosity (cm™s™) x 10™ 1 5 6 s 2R D=0 ==
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VEPP-4M ) Summary

e 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

» Different scenarios of the future studies at VEPP-4 (or with the help
of its infrastructure) are considered intensively
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