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BINP accelerator complex layout

D. Berkaev et al., "VEPP-5 Injection Complex: Two Colliders Operation Experience", in Proc. IPAC'17, Copenhagen, Denmark.
IC Parameters (2016)

Beam Energy: 395 MeV
Storage rate e- @ 12.5 Hz: 4.0-10%%/s (70 mA/s) VEPP-4M
Storage rate e* @ 12.5 Hz: 4.0-10°/s (7 mAJs)

g 2% S »

Conversion System

_ Linacs
Beamline to VEPP-2000 Damping

250 m Ring
BEP \
@O\Q/VS
VEPP-2000

F. Emanov et al., “Status of VEPP-5 Injection Complex”, presented at the IPAC’21, Campinas, Brazil, May 2021, paper THPABO21.
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Design parameters @ 1 GeV

Circumference  24.388 m

Beam energy 150 + 1000 MeV

N of bunches 1x1

N of particles 1x101

Betatron tunes  4.14/2.14

Beta* 8.5cm

BB parameter 0.1

Luminosity 1x10% cm?st

* Round beams concept
Single-ring head-on collisions
13 T solenoids for FF

2.4 T NC dipoles @ 1 GeV

« CBS for energy control s b
to VEPP-4M & c-t-factory « K-500 D. Shwartz et al., eeFACT-2018, Hong Kong, China
Linac
Storage Ring \
Bldg.13 ~— K. VEPP-2000
- | Bldg.4 Bldg.20 ﬂwm B':':-.g@
Operating with IC(VEPP-5) since 2016 Bldg.AR e
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Experimental program

Dedicated talks by BINP speakers

1. Precision measurement of R = (e*e™ — hadrons)/o(ete™ - utu™)
exclusive approach, up to <1% for major modes

2. Study of hadronic final states:
ete™ - 2h,3h,4h,.. h=mK,n

3. Study of vector mesons and theirs excitations:

p,p’, o, ¢, ..
4. Comparison of cross-sections e*e™ — hadrons (T = 1) with spectral

functions of 7-decays

5. Study of nucleon electromagnetic formfactor at threshold

ete”™ -» pp,nn
6. Measurement of the cross-sections using ISR
7. Study of higher order QED processes

Target luminosity integral is 1 fb-! per detector -
reached in march 2024!
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Beam-beam parameter saturation,

Beam-beam limit in lepton colliders
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The concept of Round Colliding Beams

Axial symmetry of counter beam force  + X-Y symmetry of transfer matrix IP-1P

2Ss

Additional integral of motion (angular momentum M, = Xy - xy’)
Particle dynamics remains nonlinear, but becomes 1D

Lattice requirements:

Head-on collisions!

. functi IP: B, =P
Small and equal B-functions at X y Round beam
* Equal beam emittances: Ex =8y
M, =M,
* Equal fractional parts of betatron tunes: Vi = Vy

FM. Izrailev, G.M. Tumaikin, 1.B. Vasserman. Preprint INP 79-74, Novosibirsk,(1979).
L.M. Barkov, et. al, Proc. HEACC’89, Tsukuba, Japan, p.13835.

S. Krishnagopal, R. Siemann, Proc. PAC’89, Chicago, p.836.

V.V. Danilov et al., EPAC’96, Barcelona, p.1149.

S. Henderson, et al., Proc. PAC 99, New York, p.410.
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Round Beams Options at VEPP-2000

"normal” round

Both simulations and experimental tests showed
insufficient dynamic aperture for regular work in

Solenoid IP Solenoid
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Solenoid IP Solenoid

circular modes options.

Below 600 MeV “short” FF solenoids are available.

Flat to Round/Mobius or Long to Short change needs polarity
switch in solenoids, realignment and new orbit correction.

Round beam due to coupling resonance?
The simplest practical solution! Best beam-beam limit achieved!
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Beam size measurement via SR @ CCDs

3mll 1mlr

25.12 18:21:01 25.12 18:18:53
x=317.1 y=208.0 x=376.2 y=232.0
a=31.9 b=31.0 p=-22.3 a=25.1 b=8.5 p=88.8
U=9164 ph=2104 U=28561 ph=3734
Nax=11714 (1) Max=32949 (1)
T=1.40 (0/10) T=0.56 (0/4)

1m21 Zn21

25.12 18:19:00 25.12 18:19:24
x=304.6 y=269.4 x=221.2 y=151.6
a=21.7 b=19.6 p=68.7 a=22.0 b=12_.2 p=86.1
U=7891 ph=2494 U=21548 ph=2208
Nax=10973 (1) Max=24389 (1)

T=0.14 (0/1) T=0.14 (0/1)

@ Log @ x KoopgvHaTe ® Paivep 33 lrj @ Hynm:2012.01.23.72:53:17.zero0  (P3:3.8 e :2.36 e :1.62
3M2 4M2 4M1

M “ .I 1\ | =2

Vepp_510_0155_85cm
13.01.12 22:10:59

SX 0.394 0.199 0.308 0.197 0.209 0.290 0.170 0.405 0.410° D.174 0.29% 0.191 0.208 0.295 0.182 0.404
5z 0.463 0.364 0.359 0.400 0.387 0.340 0.335 0.454 0.466 0.376 0.359 0.413 0.374 0.336 0.349 0.486



Lspec, 10%%cm™? s 'ma~?
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1)
2)
3)
4)
5)

Working point fine tuning & small shift below coupling diagonal

Machine tuning

Orbit correction & minimization of steerers currents using ORM techniques

Lattice correction via ORM SVD analysis (63 < 5%)
Betatron coupling correction in arcs (dv,,, ~ 0.001)

Sextupoles fine tuning (chromaticity slightly undercompensated)

-

e i

— o W——

Specific luminosity & linear lattice correction

— e

.04 0.05
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Detuned by +0.01

Detuned by —0.01 On resonance

Lifetrac by D.Shatilov,

2008
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How many interacts?

L : O-process 1032 Cm_zs_l * 10_24 sz

Beam-beam efttects

f, 12-10° Hz

~10

Compare to

N bunch 1011

Particles unlikely interact with each other. Instead the particle every turn interact with
collective field of the charged opposite bunch: beam-beam effects

Linear beam-beam: tune
shift

Resonances

M

kick strength, a.u.
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FMA:

beam-beam
simulations
by Lifetrac
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“Flip-tTlop™ efrect

T

E =240 MeV,
~ 5x5 mA

I beam

Projection on X
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Coherent beam-beam rw-mode
interaction with machine
nonlinear resonances?
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Flip-Tlop suppression with longer bunches
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Beam Shaker (Run 2017/18)

Idea: kicked bunch oscillations decoheres very fast in the presence of counter beam’s
strongly nonlinear field. Weak and frequent kicks should effectively increase the
emittance, similarly to quantum excitation by SR.

At low energies emittance growth is available up to
aperture restriction. That allow with the same
beam-beam parameter (particles density) increase
the beam current and luminosity.

C_AN_-_@S
PC| DAC
Typical values:
50-100 V, 300 ns, 50 ps
Square
(Trev =814 nS) Wave

Experimentally: permanent excitation of “strong” beam size prevent it from shrinkage to
natural value during injection cycle of “weak” beam, or whatsoever. Very effective
suppression of flip-flop meta-stable states.

In addition large emittance results in a lifetime enhancement.
Koop, VEPP-2000
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Shaking, as seen by Pickup

Pickup signal, without counter beam, 360 MeV

Beam is kicked in the L
horizontal plane e

Periodically excited
oscillations gives the
line spectrum
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Luminosity and beam-beam parameter
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Best l[uminosity runs: 2010 - 2022

cm 25t

Luminosity

B*~4cm @ 475 MeV / B*~9cm @ 890 MeV
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Total luminosity integral - 2022
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2010- 2024
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Beam energy measurements: CBS system

3M1

e beam

3F1

Backscattered photons
spectrum edge:

E.V. Abakumova et al., PRL 110 2013 140402

Koop, VEPP-2000
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3aKYeHune

Kpyrible ny4yku Janu 3HAYUTEIbHBIA BBIMTPHIIT B CBETUMOCTH

Ha xomnanngepe BOIIII-2000 monydeHa pexkopaHasi B MUPE CBETUMOCTD B
OJIHOCTYCTKOBOM PEKHUME

[TapameTp BCTpedyr Ha BEpXHEM JMaria3oHe dHeprui npesbimaet & > 0.13

[Ipn caMbIX HU3KUX SHEPrUsAX MPEAI0KEHHAS] HAMHU UMITYJIbCHAs pacKadyka Iy4YKOB
CTaOMIN3UPYET HEYCTOMYMBOCTh TUNA “(IuN-(JIon” U B HECKOJIBKO pa3 HOBBIIIACT
CBETHMOCTb MO3BOJISAS YBEIUYUTh TOKH BCTPEUHBIX ITy4YKOB

JI1s mpeesIbHO HU3KUX SHEPTUMl KPYIVIble MYyYKU MPEAIIOYTUTEIbHBI M3-3a O0JIBIIETO

BPEMEHU XU3HU N0 TyIeky



PasmblwneHnsa o byayLem..

Cezon 2023-2024: ckanupoBaHuE BbIIIEC (PU-ME30HA
Becna 2024: ckaHupoBaHu€e HUXE (PH-ME30Ha, MHTEpECHA 001aCTh BOKPYT pO-ME30Ha

Cezon 2025: camble HU3KHE YHEPruM + 100UpaeM He100paHHOE

Ocenb 2025: BeIKIIIOUECHKE, MOJIepHU3aIUs AeTeKTopoB U cuctem BOIIIT-2000
Ocenb 2027: BKIIOYCHHUE
Habop nHTErpaia BO BCEM Auana3zoHe SHEPTHUH MPU MOBBIIICHHON CTA0MILHOCTH

PaboTeI 110 co3manuio -Tay padpuku
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Cnacmbo 3a BHUMaHMe!
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