XXVII Russian Particle Accelerator Conference (RuPAC-21),
September 26 - October 1, 2021, Alushta, Russia

VEPP-4M ELECTRON POSITRON COLLIDER
OPERATION AT HIGH ENERGY

P.Piminov for VEPP-4 team
Budker Institute of Nuclear Physics SR RAS,

Novosibirsk, Russia
e-mail: piminov@inp.nsk.su

VEPP-4 )




VEPP-4 team

A.Aleshaev, V.Anashin, O.Anchugov, V.Arbuzov, G.Baranov, A.Barnyakov,
A.Batrakov, E.Bekhtenev, O.Belikov, D.Berkaev, V.Blinov, B.Bobrovnikov,
A.Bogomyagkov, D.Bolkhovityanov, D.Burenkov, P.Cheblakov, I.Churkin,
V.Devyatilov, A.Dolgov, V.Dorokhov, A.Dranitchnikov, S.Dutkevich,
F.Emanov, B.Goldenberg, K.Gorbulin, O.Gordeev, S.Gurov, I.Guseyv,
V.Kaminskiy, S.Karnaev, 6.Karpov, K.Karyukina, D.Kashtankin, V.Kiselev,
A.Kovalenko, E.Kozyrev, A.Krasnov, G.Kulipanov, K.Kuper, E.Kuper, I.Kuptsov,
G.Kurkin, D.Leshenok, E.Levichev, P.Logachev, A.Medvedko, O.Meshkov,
S.Mishnev, I.A.Morozov, I.I. Morozov, N.Muchnoi, A.Murasev, S.Nikitin,

I .Nikolaev, D.Nikolenko, I.Okunev, A.Onuchin, V.Oreshonok, A.Pavlenko,
P.Piminov, O.Plotnikova, A.Polyanskiy, I.Rachek, O.Rezanova, E.Rotov,
I.Rusinovich, D.Senkov, A.Shamov, D.A.Shvedov, D.D.Shvedov, S.Shiyankov,
E.Simonov, S.Sinyatkin, M.Skamarokha, A.Skrinsky, E.Starosting,
A.Steshov, D.Sukhanov, Yu.Tikhonov, B.Tolochko, D.Toporkov, A.Tribendis,
G.Tumaikin, Fedotov, S.Vasichev, V.Zhilich, A.Zhmaka,

A.Zhukov, A.Zhuravlev, K.Zolotarev



Experimental hall

| ROKK-1M

RF FeedBack

Vertical FeedBack

¥ |

I Insertion S

Vertical FeedBack

@O\M/

* High energy physics at VEPP-4M with detector KEDR
* Synchrotron radiation at VEPP-3 & VEPP-4M

* Nuclear physics at VEPP-3 with Deuteron facility

* Test beam facility at VEPP-4M

* Accelerator physics activity

VEPP-4 facility

Energy 2.3 3.5 4.75 GeV
Betatron tunes 8.54/7.57

Nat. chroms —14/-20

Comp. factor 0.0168

Hor. emit. 42 100 180 nm-rad
Energy spread 3.7 6.5 7.5 107
Bunch length 4 cm
Beam 2x2 2x2 1x1-2x2

Bunch current 6 9—12 9—12 mA
Luminosity 0.5 12520 05514  -10"cm?s™




i HEP Experiments
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Universal magnetic detector KEDR
Electron-positron tagging system
Wide energy range 0.9+6 GeV
Energy spread control

Precision beam energy calibration by
resonance depolarization

First collider with beam energy monitoring by
Compton backscattering
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vV J/p, ¢, ", w(3770) meson masses WR = World
Record

v' T lepton mass WR

v D° mesons masses

v’ D* mesons masses WR
v’ Search for narrow resonances 1.85+3.1 GeV WR
v R-scan 1.85+3.1 GeV WR

v Ruds- and R- scan 3.12:3.72 GeV WR
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Vertex detector
Drift chamber
Aerogel threshold
counters

ToF counters
Lkr calorimeter
Superconducting
coil

Yoke

Muon chambers
Csl calorimeter

Compensating
solenoid

From 2000 to 2018 HEP experiments at the VEPP-4M electron positron collider with the
KEDR detector were carried out in the lower energy range from 0.9 to 1.9 GeV.



Hadron cross section scan from 2.3 to 3.5 GeV

Results of the experiments of R measurement in the energy range 2E=3.8-7.2 GeV with 13.7 pb-!
luminosity integral. KEDR R scan is shown by black points and fixed on pQCD (perturbative quantum
chromodynamics) values. Errors correspond to expected statistical accuracy. Expected statistical

accuracy ~ 2.5% will be best in the world.
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The R values are critical in various precision tests of the Standard Model. The energy region 4.6+7 GeV,
where KEDR data has been collected, gives small contribution to the anomalous magnetic moment of the
muon, it is of about 1%.

At the same time this energy range provides 10% into the hadronic contribution to the running the
electromagnetic coupling constant a(M;) and the corresponding contribution of the uncertainty is about 15%.

In addition, when considering the energy region above 5.2 GeV and up to upsilon resonances, theoretical
calculations based on pQCD are usually used. New measurements of KEDR will allow the use of experimental
data up to 7 GeV.



Hadron cross section scan from 2. 3 to 3.5 GeV
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Gamma-gamma physics

In 2021 the luminosity run for gamma-gamma physics [2] was started. The main goal is the measurement of the
cross section of gamma-gamma to hadrons.

The specific feature of the KEDR is the particle tagging system (TS). It allows registration of the scattered
electron positron pair after two photons interaction. The first two quadrupoles and two special bending
magnhets of the collider form the focusing magnetic spectrometer. The scattered electrons or positrons with
the energy loss from 0.02 to 0.6 of the beam energy are registered by one of the four modules of the TS. The
module consists of six double layers of the drift tubes and the two-coordinate GEM detector in front of them.

S

&
ge

Compton photons

BGO
Calorimeter

Bending magnet
Bending magnet
Lasers

[ A
'U laser beams
1

! Detector

The required luminosity integral for gamma-gamma is 200 pb-l. The beam energy for this luminosity run is
3.5 GeV. We hope to achieve the maximum luminosity of VEPP-4M at this energy (~ 2:103! cm2's!). The
luminosity acquisition scheme includes one background run with uncolliding beams for every seven signal runs.

The beam energy measurement and the beam energy stability are not required.
Now the maximum peak luminosity is 1.2:103! cm=2:s7!, the integral luminosity is 700 nb! per 12 hours and 1.4 pb-!

per a week. Now luminosity integral is 10 pb-l.



Gamma-gamma physics

For the first stage we plan to collect 50+100 pb! at the energy range
3.5+4.7 GeV. With that we can:

o Provide the measurement of the fotal cross section for the process
gamma-gamma — hadrons within the invariant mass range 1-4 GeV
and study physical characteristics of events (multiplicity, spectra,
etc).

o Study exclusive gagmma-gamma processes at low invariant masses
(<1 GeV) which are approachless for B-factories due to the trigger
conditions.

Based on the results of the first stage we will evaluate the possibility
for the larger luminosity integral and further gamma-gamma
investigations. In particular, the study of charmed resonances eta_c,
chi_0,2, eta_ c(2S), efc.



odg.Ibl.gov" " <0 Y(1S) meson scan
Ti15) s June 2021
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Beam energy spread measurement
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Measurement of the VEPP-4M Collider Energy Spread
in the Entire Energy Range
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Abstract—The energy spread of the VEPP-4M electron—positron collider at the Budker Institute of Nuclear
Physics was measured in the 1100—4750 MeV range (i.e., in the entire operating energy range of the collider)
in two ways: based on the beam length and based on the envelope of betatron oscillations. The influence of
the Touschek effect on this parameter was studied in the 1—1.5 GeV range. The results obtained using the two
different methods agree well.
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Beam energy measurement at high energy
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Laser polarimeter

Two coordinate GEM detector

s Ar-CO2 mixture, 3.4 kV HV
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up to 4 kHz event rate
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Beam energy measurement @ 4.1 GeV
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Synchrotron radiation

VEPP-3,74 m

VEPP-4M, 366 m

1.2 GeV 2 GeV

100 nm-rad 290 nm-rad

200 mA @ 1+2 bunches

1.9 GeV 2.5 GeV 4.5 GeV

28 nm-rad 50 nm-rad 160 nm-rad

25 mA @ 1+25 bunches

1  LIGA-technology and X-ray lithography. Metrology experiments.
2 Fast dynamic process. Phase contrast microscopy, micro-tomography and hard X-ray fluorescence.
3 Precise diffraction and anomalous scattering. Nanosecond spectroscopy of fast processes.
4 X-ray fluorescence analysis. Material study under extremal conditions
5  High pressure diffraction. Material study for thermonuclear applications
6  X-ray microscopy and micro-tomography.
7  Time resolved diffraction.
8  Time resolved luminescence.
9  Precise diffraction.
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Experiments using the hard X-ray range

Investigation of the effect
impulse heating on materials
leading to deformation mechanical
stress and mechanical destruction
of materials.

A5kV. #° X600  20pm

Cracks on tungsten after
pulsed plasma loading.

u.2>
0.20
0.15
0.10 -40ps - -20ps
0.05
025 .5 6.0 6.5
0.20
5 0.15
< 0.10 -20ps - Ous
% 0,05
7] e
,f: 025 45 5.0 55 6.0 6.5
=020 -
0.15
0.10 Ous - 20us
0.05
0.15 45 5.0 5.5 6.0 6.5
0.10 20us — 40ps
0.05
0.15 6.0 6.5
0.10 40us — 60ps
0.05
015 4.5 50 55 6.0 6.5
0.10 60us — 80ps
0.05 M
45 50 5 5 6. () 6.5

Scatteril

Dynamics of Xt -ray diffraction
during pulsed heating of the
tungsten structure.

High-speed temporal radiography of
detonation processes

..
'y

20 mm

t, MKC

N A~ O

shock wave in
PMMA

SR beam * Converging
0.1 mm

10

Z, MM

X-ray structural study of
the phase transition and

 alloys.

fea‘rur'es of the formation

dur'mg solidification metal

' o-ferrite

\N\—\Nﬁ

Q,A"



Test beam facility
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Beta functions measurement
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WEDO4 Oral talk .Precise analysis of beam optics in VEPP-4M by turn-by-
turn betatron phase advance measurement” by Ivan Morozov (BINP
SB RAN), 13:40 September 29, 2021, Wednesday

WEPSC40 Poster "Detection of Anomaly BPM Signals at VEPP-4M" by Ivan
Morozov (BINP SB RAN), Poster session C at Wednesday



Upgrade

Beam diagnostics upgrade has been completed
RF system upgrade has been completed

VEPP-3 & VEPP-4M main power supplies (PS) has no
been finished

Electrostatic separation system has being continuing
Transfer feedback system has being developed
Upgrade of 25A PS was started

New ethernet processor for PS has being considered
EPICS Control system has being developed
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Conclusion

v VEPP-4M + KEDR HEP experiments at high energy were started

v' Luminosity data for R-scan (2.3+3.5 GeV beam energy) has been collected

v Gamma-gamma experiment at 3.5 GeV is continuing (10 of 200 pb!)

v' First luminosity run for Y(1S) meson 4.75 GeV has been finished successfully
v' Beam energy spread measurement from 1 to 4.75 GeV has been made

v' Laser polarimeter for absolute beam energy calibration with resonance
depolarization method has being developed

v' Radiate polarization and depolarization of electron beam at 4.1 GeV has been
obtained

v" Synchrotron radiation runs have been performed periodically
(2 week per 2 month)

v Methods of optics measurement & correction has being developed
v Beam dynamics experiments are carried out
v Hard & Soft of facility has being upgraded



Thank you for your attention
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