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SQbbekTr BCTpEeUM CTAJIKMBAKIMXCSI CI'YCTKOB

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
R

kick strength, a.u,

0.33

Design
working
point ~~

Nonlinear beam-beam:
tune spread (footprint)

&

high-order resonance grid

FMA:

beam-beam
simulations
by Lifetrac

LHC example:
pp — defocusing
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Orpanmdenmnss no spdexraM BCTpeum B KOJJIaMIepax
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VEPP-2000 layout and capabilities @ 2023
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VEPP-2000 @ 2023

Design parameters @ 1 GeV @ 2021 @ 2022 @ 2023

Circumference 24.388 m

Beam energy 150 +1000 MeV || 160-1005 160-1005 160-1005

N of bunches 1x1

N of particles 1x1011 /200 mA | 0.9x101 1.2x1011 0.6x1011

Betatron tunes | 4.14 /2.14 0.17-0.18 0.17-0.18 0.12-0.18
B* 8.5cm
BB parameter 0.1 0.06 0.09 0.06

0.5x1032

N 7

e ~ i N
Luminosity (Qlo32 cm‘ZSQ 0.5x1032 < 0.9x1032

A

Subtotal: 950 pb~1/detector, Target: 1 fb?

to VEPP-4M & c-t-factory <.

K-500
it - T
Linac -~
Storage Ring \\
Bldg.13 P~ | Ks0p AE VEPP-2000
Bldg.4 Bldg.20 \ %
Operating with ICHVEPP-5 since 2016 Bldg.1R T



Achieved luminosity (II)

With target luminosity of 103 cm—2s!
at the top energy, the scaling low is
proportional to y* for the fixed lattice
(see dashed line). With given aperture
one can vary B* value in a way to fix
the beamsize in the FF solenoids that
gives y2 scaling (dotted line).

Unfortunately, with B* lower than 4 cm
the dynamic aperture decrease to
unacceptable size that force us to fix
the lattice again at very low energy
range (blue dashed line).

The mentioned at previous slides tricks
with flip-flop additional suppression
the achieved luminosity already
exceeds the discussed estimated limits
at the middle energies.
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Data taking
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Status page screenshot during routine operation at nucleon-
antinucleon pairs production threshold. Mar-12, 2023.
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Luminosity integral, pb!

Accumulated data
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Reasons for data taking rate progress @ high energies:

B* increase ~10%

Accurate IP2IP betatron phase advance tuning
RF-frequency change

New PS for f1-quads

IC stable & plentiful e* provision
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[lpaBgHUMK B OTOEJILHO BSATOM IIOABAJe

"aoém B 2022 roay:

1) OctanbHbie BY-500 (> 20wT)
2) Mepsyto naptuio NMA-160 (MmnynbcHoe
NUTaHMe Ha 3aMeHy AKKopAaoB)
3) MonynpoBoAHWKOBbIM ycunutenb BY 63N
4) HoBble UCTOYHUKM coneHomaos (12wT)
@

Mony4veHnbl 2023 roay:

OctanbHble BY-500 (21 wr)

CobpaHbi B PM

OTaaHbl ANs HACTPOMKM B 1ab.6

ByayT nepegasaTtbcA rpynnamu no 6 WTt. gns
YCTaHOBKM NPSIMO BO BpemMs paboTbl B ce30He

BY-500-20 (4wT), cemeicTeo f3 @ 2022 BY-500-20 (24wt +1), 3-KBagpaHT
B3MM-2000 @ 2023

Yke pabotaet B 2023 .




MapameTpbl UCTOYHMKA NUTAHUA

MopepHusauma: 'MH cuctembl BnycKa-sbinycKa B3M1M-2000

Brn/Beikn

CPsp:445.55

HanpskeHune umnynbca, KB

OnnTenbHoCTb MON0OYKM MMMYAbCA, HC >20 MBU(TperupoBKa)

OAnTeNnbHOCTb MMMNY/IbCa MO OCHOBAHMIO, HC <70 328_6 3279 55 lk

YacToTa cneA0BaHUA MMNY/IbCOos, I, <1 CPsp:328.42 | - : 1k
055:0.50 ==

JonycTumbliii 06paTHbIN BbIBpOC, % <5

OAHOPOAHOCTb BEPLUMHbBI UMNYAbCA, % +/-3

Yke pabortaeTt B 2023 .

HecTabunbHocTb cpabaTbiBaHWsA, HC <2

NCTOYHUKM NUTAHMA KMKEPOB MHKeKLuum BIMM2000 cMOHTMPOBaHbI B BbICOKOBOILTHOM 6/10Ke. BbICOKOBO/IBTHbIM pPa3bem
C YNNOTHEHWEM A A0NONAHUTENbHOM U3onauMKn SF6. AganTupoBaHa Nporpamma ynpasaeHua Kukepamum. C KoHua
ceHTAbpa oauH pa3 cpaboTtana 6N0KMPOBKA NPU NPOCaAAKE NMUTAHUA.

Y Hac HeT MHPOpPMALMKN O pecypce HOBbIX UCTOYHMKOB, O1A BO3BPATA Ha CTAapyH CUCTEMY NMUTAHMA COXPaHEHA BCA
MHPPACTPYKTYPaA, M 3aKa3aHbl 2 3aNacHbIX UCTOYHUKA Ha CyYalt aBapum/pemoHTa.

AnnTenbHOCTb MMNYAbca BblbpaHa ¢ Uuenbio n3bexaTb BAMAHUA OKUTTEPA, @ C APYrOM CTOPOHbI MMETb BO3MOXHOCTb
paboTaTb B MHOIOCTYCTKOBOM pexume gna obesraxkmBaHMA KosbLa.

Osp:1.08 —
WBW(TpeHupoBka)
325.0 42
Psp:324.80 | § ¢
Ogp:l.15 e
3Hau. LWar
Kog NMKC: | 9800 - |100
FBM (mMrc): 300 -1 BW (Mrc): 293 = b §
3K, (Hc): | 951 = b} . I3K, (Hc):[ 955 -1 .
3K, (He): 3K1; (Hc):
ri(...) r4(Ynap)
Brn/Bsikn Brn/Beikn
WBK WBK
Het Wun. 439.5
cpp:nan 1 CPspi439.04 |
Tg:nan — - O50:2.33 —
WBW(TpeHupoBKa) WBW(TpeHupoBKa)
_4:@?' S 326.8 ST
CPp:nan : CPsp:327.63 .
Tp:nan Osp:1.69 —
3Hau. LWar 3Hau. War
Kog NMKC: | 3800 - |100 Kop MKC: [15300 |5|100
B (Mrc): 298 -1 B (Mec): 281 -1
rau, (uc):| 1040 [3]1 , B (He): =1 v
3K (Hc): 3K1; (He):
[ononHUTENEHO...

KommyTaTops!
3 & Crpensite MoxHo @
TpeHupoBKa e 1 2034 @@
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Monepumusaumsi: BYU BHXOOHOI'O kKackama O6ycrepa B3Il

HaumeHoBaHue
XapaKTepUCTUKU

[nanasoH paboymxyactort
MaKcnmanbHasa BbIXoaHaA
MOLLHOCTb.

Pexxum paborTbl.
KoaddpuumneHT ycuneHus.

ConpotusneHune dpuaepHoi
JNINHUU.

TpeboBaHUSA K BbIXOAHOM
MOLLHOCTM B Pa3ANYHbIX
pexnmax paboTbl ycuamTens.
MuTtaHue ot 3-x pasHo ceTu.

[abapuTHble pasmepsbl MNxLLXB

OxnakaeHwne BoaAHOE,
anctunnatom. Pacxop soapl
601/MUH.

M36bITOYHOE paboyee
JaB/ieHne B OXNaxaatoLem
Tpybonposoae.
MaKkcumanbHasa TemnepaTtypa
BOZbl Ha BXOAE yCUAUTENA.

3HauyeHue (onucaHume)

172+176 MTI'y
30 KBT

HenpepbIBHbIN
45 nb (ypoBeHb BXOAHOrO CUrHaa
~1 BT)
50 Om

Pabounii pexxnm ycunutena NexuT
B AnanasoHe oT 1% o 100%
HOMWHaA/IbHOW MOLLIHOCTH

400B+10% 50 Iy,

1500x1000x1900 mm 0

Ycunutenb nogkntovaerca
HenocpeacTBEHHO K cucteme
OX/1aXKAEeHWNA YCKOPUTEIbHOTO
KOMIJIEKCa.

300 kMa

35°C

ISM 30K 174

! - Remole contral on! RCU-54

2 - Controy unt CLB-PS-5M

3 ~ Power asirbuton unt

& - Power amplifier (SM300 1756~ drver

5 - Power ompisfeer ISM2X T4 - B pes

6 - Botlest lpods fnnge the rock]

7 - (omowers fnse e rack!

8 - Spitter (nsxe the rack/

9 - Lrculofors knsde the rock)

10 - Racks 4246x1900x 1200 & 5T6x T300¥ 1200

RIS

Trodo-TV

Faotannt

Delivered to BINP @ December 2023
Total price — 10.000k rub.
Tested @ low level @ TriadaTV site

Bsenem B ctponi B 2024 1.




YTo Ham meLwano.



Vacuum accident (BEP / VEPP-2000)
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Cryo accident (VEPP-2000)

@ June 14, 2023



YTOo ewe mbl Aenaem Kaxabln AeHb?



Spin-depended effects. Weinberg angle

*  M3mepeHne NpoaoribHOM aCUMMETPUN MOMHOIo ceveHunst poxaeHus J/y-mesoHa Ha SCTF [1][2] :
Y4yeT pagnMaumoHHbIX nonpaBok B pamkax CtaHgaptHon Mopenu (.- = 1)
Ap~47-107%
* W3-3a manoctu acpcpekra HeoOxoaMMO nogaBreHne CUCTEMaTUYECKOU NOrpeLHoOCT! CO CTOPOHbI NyYKa:
1. Cny4yanHbIM 3HaAK NPOAOSIbHOM Nonspu3aunm aNekTPOoHHbIX cryctkoB (~300 crycTkoB)

2. Yacrtas cMeHa 3Haka npoaornbHONM nonsapusauum cryctkos (A,= 5 ¢, notepu npu nepesopote ~1073)

MoaenupoBaHue nepeBopoTa

L]

CnuHoBasda “rmMHacTMKa

(BY-poTaTtop ¢ npoAosnbHbLIM Nosiem)

3N

va 0,495
|wil=1.x10™*
os=1.1x10""

Jm 4. 87

<S>= -9.96715x10""
A= 3.2854x107°
Tup=5.424x107" ¢

e S,, - PapnHomecHan crenenb nonspusaunn
o w/wg — Amnnutyna BY-poraropa

o Sy = Bennumna nonepeuHon KOMNoOHeH T

50000 100000 150000 200000

n, Homep oGopora




NurepdpepomMeTrp Ha B3II.

BecHon 2023 r. Ha ogHOM U3 BbiBoAoB CU bycTepa B3I Konnanaepa BIMM-2000 6bin ycTaHOBNEH

Cxema yCTaHOBKM: . .
ABYXLWLENeBON NHTepPepoMeTp AN NU3MEPEHNA BEPTUKANIbHOIO pasmepa Nyvyka B MarHUTHOWM

y Y CTPYKTYpe C Masion 6eTaTpoHHOM cBA3bto ~1-2 %.
2a ™ ‘ wertical beam size vs cumont vertical beam size vs time
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3aBMCMMOCTU BEPTMKAIbHbBIX Pa3MepPOB OT TOKA Ny4YKa U NPU eCTeCTBEHHOM BbINMpaHmnm ny4ka, N3C-kamepsbl B5, B6,
B8 + nHTepdepomeTp

MuHumanbsHsIl pazmep ny4yka, 0ocmynHsil 0718 usmepeHus npoeKyuoHHol onmukol (M3C-
Kamepbl) onpedensemca OuppaKyuoHHbIM ripedeanom (~60 MKm).
Bce pasmepsbl CHUMAAUCL 8 3K8UBAMEHMHbIX MOYKAX HabadeHus, pasauyus Ha M13C-
Kamepax 3a8UCAmM om Ka4ecmea onmu4ecko2o mpakma. Kamepa B5 u uHmepgepomemp
«CcMompAm 8 00OHO MemMco. »

BepTuKanbHbIN pa3mep ny4yka (Npu Toke nydyka ~1 mA) = 21 MKm
D=6,2 mm, A=550 HMm, L=2265 mm
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JKCnepuMeHTasibHble AaHHble 3aBUCMMOCTU Pa3MepoB CryCTKa, a TaKKe
BPEMEHWN KU3HW OT TOKA CHUMAZINUCb MPU ECTECTBEHHOM BbIMUPAHUU
nyyka. OHM OblAM UCNONb30BaHbl ANA onpeaeneHUA BKAaga 3ddeKrta
Tyweka n potocTMMynmMpoBaHHOW aecopbuunn.

M. B. TUMOLLEHKO 1 Ap., «3a8UCUMOCMb PA3MEPO8 C2YCMKA O0mM UHMeHcUsHocmu 8 bycmepe
aneKkmpoHos u nosumpoHos (63r1)» [/ maTepuanbl XXVIII Poccuitckon KoHbepeHUuMn no
yckopuTtenam 3apaxeHHbix dactuy” (RuPAC-2023), UAD CO PAH, 2023 r. (npuHATO K
nybnukauum)
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[IpuMeHnenne HaxnoremT-38 Ha B3IIl.

... U3BMEpEeHUNs BEPTUKaNbHOTO pa3mepa MyyKa C MOMOLLLbIO ABYXLLENeBOro uHTepdpepomeTpa

Jnadparva Jlwnsa
e CH Al l Kavepa
1
Mo % S— 1% | .
l / Horoconoi o
Thpeg  fam Ctpobupyeman Kamepa HaHorenT-38 (4acTtoTa Kagpos:
T Kaweps 1 My, akcno3unuma: 60 He (!) + 1200 mKc) ncnonb3oBaHa
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... HAbntoaeHua konebaHmm nyyka B6an3n 6eTaTPOHHbIX PE30HAHCOB
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... UBMEpPEeHNA BPEMEHM 3aTyXaHUA 6eTaTPOHHbIX 3aTyXaHUM
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Tok nyyka | = 0,7 mA. PacyeTHOe BpeMs 3aTyXxaHMs paananbHbiXx 6eTaTPOHHbIX
KonebaHui npu aHeprmum nyyka E = 430 M3B coctasnfaeT T, & 32 Mmc, 4To
XOPOLUO COOTHOCUTCA C U3MEPEHHOM BENNYMHOM 36 MC.
Habntoganacb TOKOBAsA 3aBUCMMOCTb BPEMEHM 3aTyXaHWA BCNeaCTBUE

KONNEKTUBHbIX 3PPEeKTOB. \ /

on [MeA]

* cbemKa Beslacb Npu yaapax KUKepamm no nyyky




VEPP-2000 Control System Software Update
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[Iy6nukanum

Rastigeey, et all: Performance enhancement of VEPP-2000 collider over the last two years.

Koop: CBob6oaHaA npeueccnsa CNMHOB KaK afbTepHaTUBA METOAY Pe30HaHCHOM Aenonapu3aunn B ByayLimx SNeKTPOH-NO3UTPOHHbIX Konnanaepax.
Bedarey, et all: CBobogHaA npeueccusa CNMHOB Kak afibTEPHATUBA METOAY PE30HAHCHOM Aenonapu3aunn B byayLimx 3NeKTPOH-NO3UTPOHHbBIX KoAnanaepax.
Bedarey, et all: MnaHMpoBaHMe 3KcnepuMeHTa no onpeaeneHuto beryulero yrna BaliHbepra Ha sHeprun J/P me3oHa Ha Tay-yapm dpabpuke.

A.E. Bondar (speaker), E.V. Bedarevy, I.A. Koop, A.V. Otboev, Yu.M. Shatunov, Measurement of the weak mixing angle at a Super Charm-Tau factory with data-
driven monitoring of the average electron beam polarization, The 2024 International Workshop on Future Tau Charm Facilities (FTCF2024), January 14-18,
Hefei, China, 2024.

Rogovsky, Bekhtenev: Calibration of beam position monitors for Injection Complex damping ring.

Denisov, Rogovsky: Paseutre metonos undpoBoit 06paboTkn CMrHaoB € 4aTYNKOB NOOBOPOTHOIO MONOKEHMA MyYKa.

Senchenko, et all: VEPP-2000 control system. Tango migration and recent upgrades.

Eminov, et all: Upgrade of software of VEPP-2000 RF Control system.

Sherstuk, et all: Coherent Betatron Oscillations in a Storage Ring at Injection.

Sherstuk, et all: Single-revolution regime of CCD-camera at injection at VEPP-2000.

Chistakov, Perevedentsev: Betatron Stopbands in VEPP-2000 Collide

Timoshenko, et all: Coherent Betatron Oscillations in a Storage Ring at Injection.
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YTo mbl ewle moXem caenatb nocne 2023 .



Monmepumsaumsi: AKKOPQ => TUIO-160 siemMenTOB KEB

AKOP/I: stability 2*10-3 I'NJ1-160: stability 2*10-3

Delivered FOS to BINP @ 2022

Komrnekranus nis 3 KOp3uH
[TpoBepena cTaOUIBLHOCTH
JlonroBpeMeHHbIN Apeid

[1O ynpasnenus

Wurerpamus 8 CY BOIII1-2000

I'1-25: 8 channels
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MomepHMUSBaLMsI: OUCTAHIIMOHHASI BaJIMBEKA TI'elus
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«  Most of parts designed IIoka 5TO MEeUTEI.
« Location of N/He tanks not clear yet
[Touck perienus.

*  Further study is needed




Conclusion

B3IIM-2000 npogosmkaet Habop CTaTUCTMKK B obnacTtn aHeprun 160-1000 MaB.

Ha6paHHbII7I FOpO,EI,OBOI7I B nocnegoBaTtesibHble 3 ce3oHa bonblie Yem 3a npegbiayuine.

HocTturHyTa pekopaHas ceetumocTb 0.5x10%2 @ ~800 MaB (B 2023).

Bepnetca moaepHM3aLUmsa NoACUCTEM U MOBbILLIEHNE HAAEXHOCTM paboThbl KOMIIEKCa.

LleneBon nHterpan 1 6.1 He 3a ropamun. Octanocb ~100 HO.1.

B3I1M-2000 B xopowien dopme. Moxxem HabpaTb ewe 1 ¢6. 1.



