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Motivation of the «Round Beam>» use

Luminosity increase scenario:

v Number of bunches (i.e. collision frequency)
v Bunch-by-bunch luminosity

Round Beams:

P

& " a2 =
- > 7 — —
rSfF 7L
v Geometric factor: = =
v'Beam-beam limit enhancement: 5 >

v'IBS for low energy? Better life time!



The concept of Round Colliding Beams

Axial symmetry of counter beam force together with x-y
symmetry of transfer matrix should provide additional integral
of motion (angular momentum M, = X’y - xy’). Particle
dynamics remains nonlinear, but becomes 1D.

Lattice requirements:

Head-on collisions
Small and equal B-functions at IP:
Equal beam emittances:

Equal fractional parts of betatron tunes:

=

o 7 Round beam
& ==
; M, = M,
AVEEN

- = -7

V.V.Danilov et al., EPAC’96, Barcelona, p.1149, (1996)



VEPP-2000 layout & parameters

o

converter e e

BEP,
800 MeV booster

VEPP-2000

Main parameters @ 1GeV

Circumference 24.388 m Energy 160 + 1000 MeV
Number of bunches 1 Number of particles 1.0 x 1011
Betatron tunes 4.1/2.1 Beta-functions @ IP 8.5cm
sBeam-beam param. 0.1 Luminosity 1.0 x 1032 cm™2s?
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Round Beams Options for VEPP-2000

Round beam due to
coupling resonance?
The simplest practical
solution!

Solenoid IP Solenoid

Both simulations and
experimental tests showed
insufficient dynamic
aperture for regular work
in circular modes options.

mbius

"normal" round

Solenoid IP Solenoid

Flat to Round or Mobius change
needs polarity switch in solenoids and
new orbit correction.



Magnetic structure and diagnostics

Main lattice: \

8 dipole magnets X-correctors A

Z-correctors \
20 vert. dipole corr

12 sextupoles | Bending e =
12 skew-quad — magnets

24 quadrupole magnets
4 sup. cond. solenoids

Correctors:
24 hor. dipole corr. /

Observation:

16 CCD cameras (upgraded)

4 electrostatic BPMs (upgraded)
1 DCCT

2 PhMT (e*, e)

2 Phi-Dissectors (e*, e7) (new)

RF Solenoids B=13 T

Energy meas: cavity
Depolarization, 16 NMR, (172 MHz)
Compton backscatter. (new)

Detectors: CMD-3, SND lgs(e)r




Beam orbit/profile measurements: CCD

x=31T7.1 y=208.0
a=31.9 b=3.0 p=—22.3

U=9164 ph=2104
Aax=11T14 (1)
T=1.40 {0/10)

- 3 Aax=24389 (1)
T=0.14 {0/1) T=0.14 (0/1)
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Crucial importance of optics correction

Specific luminocity vs. beam-beam parameter @ 900 MeV, 2011
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Beam orbit/tune measurements: fast BPM
Blr 1 B bpm3@vepp2k

Horisontal Range

[ 100 | 500 |1000]2000]4000/8000] [l Int [ %z [|FFT
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®/z Spectrum
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g.18 0319 8200 021 022 023 024 025 028 027 0

Spectrogram

015 0.16 0.17 0.8 0.19 020 0.21 022 023 024 025 026 027 0.

* Dynamic range 100 mA
* S/N ratio: ~1000 @ 50 mA, ~100 @ 1 mA
« TBT resolution: ~10 ym @ 50 mA,

. ~50 um @ 1 mA

» Syst. bandw.: ~10 Hz @ 1024 avr.

. ~2 Hz @ 8192 tbt

« Tune measurements
* Orbit measurements
» Specific beam measurements



Compton backscattering at VEPP-2000

Photons interferention from point A
and C along ¢ = 0 direction

M.N. Achasov et al. arXiv:1211.0103v1 [physics.acc-ph] 1 Nov 2012
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Beam Energy measurement: all methods

® HEP requirements 3E/E=10* A Comoton. 50 compare N
® Dipole magnetic field control. 50070 |

® 8 magnets ® 2 NMR probes. Fast/Online control. :Z:Z 4

®Jitter — 0.2 x 10, Systemathic — 10 % o0 . P sl

® Absolute calibration — well-known particles (mesons) crossssections resonances measurements:
¢ (1019.455 + 0.020MeV), o (782.65 + 0.12MeV). 50920 |-

E nmr
5na.i0 | leser W |
depol — @
Jan 30 Jan 30 Jan 30 Jam 30 Jan 30 Jan 30 Jan 31

" a0 T g .
® L aser beam Compton backscattering on electron Iy¢inchseo  tso o0 2000 2200 0000

tlime, hours

®Tested in early 2012. Stasble operations — end 2012.
®Relativelly high bunch intencity (20 mA).

MMR, Compion, RD comparna MNeZ

458 65 |

45860 g, & » m
. . . asass | 4.8 ] @
® Resonance dopolarization by external field. . aga .
0 . E 458 45 |
®High resolution (OE/E<10-5) B el
45840 | L

®Special working regime («warmy lattice — no sol./KMD)  4seas |

458 30 || E_nmr+ 048 MeV
laser —B
45825 depal —8— |
Feb 03 Feb03 Feb03 Feb03 Feb03 Feb03 Feb0O3 Feb03 Feb (3 Feb03
1400 15:00 1600 17:00 1800 1500 2000 2100 22:00 2300
time, hours
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Bunch lengtherning.... |Z/n|
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Bunch lengtherning... loss factor
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Beam-beam parameter crosscheck

BB-threshold Coherent oscillations spectrum
improvement with beam
lengthening

E= 392.5 MeV

35 kV (purple)

17 kV (blue)

| |
025 o= o e 0 L L ol o b UL e g P it e Lo ol et b A B b B bl k.n“-l'iu Brgl kit il

¢ M 1. I o oo R s —

Av=0175 - &=0.125/IP

Yokoya factor is taken equal to 1.0, due to

0.gobs il .| fastkick excitation, and only 8189 turns

£ analysis.
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Experimental runs: RHO/OMEGA 2013

10*

L per A 2E =20 MeV, 1/nb/20MeV
L= L=

-
L=

CMD3 collected Luminosity as of 07.07.2013

-------:BaBar effective Luminosity
0.35< 6 <2.4rad, L ‘BaBar=470 1t

400 600 800 1000 1200 1400 1600 1800 2000
2E, MeV

Collected L ~ 60 pb™' per detector
8.3 pb’ w - region
9.4 pb <1 GeV (except w )
8.4 pb™’ @ - region

34.5 pb! >1.04 GeV

==H&on

15000

1/nb per day

2 03 2 05 o2’ o7
Date

Collected 1/nb

24626.7 1/nb




Luminosity vs. beam energy 2010-2013

1% 1032

5x1031[-

I e T .- ___ P ——— [ —

- Peak luminosity overestimate:------------------

______________________

"~ for “optimal” lattice variation ---oooooooootooooor
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-E 29::::::::::::::::::::::::::_::::::::::::3100/0ofbestruns ::
= ox 107 S T S T
— :::::::I:;:Z’.:_::I:::::::::::::I::]::I:::l:
________ ‘___:___{_‘_______'I'__________I________I______1'_____:_____I____I____I_'
. e ® \
1%x1029L_. " ~. 4 : : : ' : o
150 200 300 500 700 1000
Energy ramping Beam energy, MeV e
e’ deficit
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Upgrade motivation: luminosity restrictions

—— Transfer line K-500 —‘

w:
DI e
o
VEPP-2000 ; z..,w

- % VEPP-5
’. 844 Cop ’ injector

Deficit of e*
——p  VEPP-5 injection complex
Energy ramping at VEPP-2000

1. Dead time
2. Extremely hard task: acceleration of colliding beams at bb-threshold
3. Unachievable bb-threshold at energy higher than injection value!

7 > v s — 85‘
C_: oc:l l: 3 E—
<> 2\ _ 7z

800 — 1000 MeV 20 +-35% 35 =+ —60%



Upgrade milestones...

0. High intensity beams from 1njection complex (A.Starostenko talk).
1. Beam transport to VEPP-2000 complex (K-500) (I.Zemlyansky talk).
2. Booster reconstruction for operation up to 1.0 GeV.

3. Booster-VEPP-2000 channel modernization (extraction 1.0 GeV).
4. VEPP-2000 ring modernization for top energy injection on 1.0 GeV.

2013 2014
s F S EEsRE R s T35 E 80
VEPP-5
Channel K-500
BEP upgrade
BEP-VEPP2000 channels
B3NN-2000

.- Manufacturing - Assembling - commissioning
21



Upgrade parts 2: booster BEP

2.1 New injection magnet.

2.2 New RF cavity and RF system modifications.

2.3 Bending magnets (12+1) modifications: gap=40 mm = 32 mmMm, 26 xIc.
2.3.1 New correction coils.

2.4 Quadrupole (24) modifications: G = 5 kGs/cm, + sextupole strength.
2.4.1 New coils for F-lenses.

2.5 Vacuum chamber modifications.

2.6 New BUMP (2) magnets + its vacuum chambers.

2.7 New DCCT and BPM.

22



Upgrade results 2: RF + vacuum chamber

04.02.2014

-

'- ] » Shape modifications for D-lenses and dipole magnets
* Profilactics

Energy loss @ 1.0 GeV:
70 keV

frf= 174.376 MHz
harminic numb = 13
U.,.=110 kV

23



Upgrade results 2: dipole measurements
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Upgrade resuls 2: dipole magnets reconstr.

06.02.2014]

YcTaHoBKa HaKIIaIOK TOJIIMHONW 4 MM Ha MJIOCKOCTh MOJIFOCOB (MEKITOIIOCHBIH
3a30p CTAaHOBUTCS 32 MM).

YcTaHoBKa TOPIEBBIX HAKIAI0K Ha MOJIIOC, TONIIUHON 12 MM, I yIUTMHEHUS
MarauTa. /[js 3Toro u3 0OMOTOK U3BJIEKAIOTCS BKIIEEHHBIE BHYTPb
KOPPEKTUPYIOIINE KATYIIIKH.

N3roToBlieHNE HOBBIX KOPPEKTUPYIOUTUX OOMOTOK Ha SIpME MarHUTOIPOBO/IA.
3ayxenue noiroca co 120 MM 10 90 MM, 17151 KOHLIEHTPALIMU IOTOKA U
YBEJIMYEHUH TOJISI.

YcTaHOBKa M30THYTHIX MJIACTHUH TOMIIUHOW 50 MM Ha BHYTPEHHUH pajnyc
spMa MarHuTa, 1 CHU>)KEHUSI HACBIIIEHUSI MAarHUTOIIPOBO/A.

25



G, kGa/om

Upgrade results 2: small quadrupole D-lens

4

56 mm = 52.89 mm

------------- ot g s (.03

2 i 0.02

_____________ o em

FALE gl e
o

.00

-0.01

__________________

1 1
1 1 i
| | |
i // 4 ' i '
7/ /4 | | |
1 ,,’ 1 1 1 -0.02
1 1 1
4 1 1 1

-0.03
0

e Consistent power with other elements and

e Complicate nonsymmetric pole profile:
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07.11 .2013, «OrmToH»
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Upgrade results 2: big quadrupole F-lens

84 mm = 74.8 mm QD sextupole component saturation
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Booster BEP @ 28.08.2013
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«Hole>» in experimental hall
| e

204.02.2014

 Ocram octaHoBuiIcs y Bxoza B [Iposai u, Tperuis B pykax

‘ KBUTAHI[MOHHYIO KHUXKY, BPEMSI OT BDEMEHU BCKPUKHUBAJI:
— IIpuoOperaiite ounersl, rpaxaane! Jlecsats koneek! [etu
30 U KpacHOapMeuIIpl OecIiiaTHO!

L™



Upgrade parts 3: BEP-VEPP channel

* New bending magnets (17.2°, 41.2°) (4+4)
+ new vacuum chamber + bus bars.

« Ceramic gap in the beginning of channel

« Synchrotron radiation output from BM for
one-flight diagnostics

1 106.02.2014
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Upgrade parts 4: VEPP-2000 ring

e Detectors KMD/SND profilactics

* New vacuum chambers with additional inflector/deflector

* New synchrotron output cupper mirrors




VEPP 2000 @ 01 09 2014




Summary

34

Round beams give a serious luminosity enhancement.

The achieved beam-beam parameter value at middle energies
amounts to £~ 0.1-0.12 during regular operation.

“Long” bunch (o, ~ B") mitigates the beam-beam interaction
restrictions, probably affecting on flip-flop effect.

VEPP-2000 is taking data with two detectors across the wide
energy range of 160—1000 MeV with a luminosity value two to
five times higher than that achieved by its predecessor, VEPP-
2M. Total luminosity integral collected by both detectors is
about 110 pb-.

To reach the target luminosity, injection chain upgrade was
started.



Main control room of VEPP-2000

Thanks for your attention! "5 &7
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o Yu. Rogovsky on behalf of VEPP-2000 team
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Lattice functions of half of the ring

L e

Knob of B” tuning

VEPP-2000 lattice special feature: B* variation modifies radiative
beam emittance in the way that B'c =2 =inv ()
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VEPP-2000 latticefunction/orbit correction

lNpaBka paBHoBecHOU opouThl (PO)
1) Habop matpuubl oTknnkos PO B nukanax, Bapuauma rpagueHToB NuH3 (4@ 32).
B> 2) SVD-aHanu3 n BblMUCTIEHWNE UCKAXKEHUI OpOUTLI B NNH3AX.
B> 3) PacyéTt TOkoB KOppeKUmii Ans NpaBkn pacHETHLIX UCKaXKEHU.
B 4) 2-3 utepauun (=10 MUH Ha UTepaLmio)
B> 5) + npouenypa MMHMMM3ALMM TOKOB KOPPEKTOPOB 2.,

A; A, =10.5 mm

- .
[MpaBka onTukun

1) Habop MO B nukanax u N3C-kamepax, Bapnaumsa annonbHbIX KoppekTopoB (20 36).
Ly 2) SVD-aHanus u BbluMCreHne OencTBytowen Mogernu.
Ly 3) Koppekuma TOKOB arieMeHTOB (KBagpynonu + coneHouasl).
B> 4) 3-4 ntepauun (~10 muH Ha utepaumio, 1 yac B 2011 1)

POBHbIe pa3Mepbl, MPOEKTHaA B*; HyneBas AUCNepcuUs BHe aXpomaToB

KoMmneHcauusa cBA3un

1-1.3 kl'c x 1 m none KM[] + komneHcupylowmne coneHonabl S3
3 CEMENCTBA CKblO-KBAAPYMNOSIbHbIX KOPPEKLUUM
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XpoHonorusa pa6otbl B 2012-2013 roay (I)

HoBon STl T e B TS AR SKA HomGa shewa poriki

CeHTa6pb 2012

nMKanos
T R A A S
8 okTa6ps 2012 O6a ny4ka B BAI1IM1-2000

e

TS30m5 e B BT 1t So0 MR, S RSe St B YRR 1 OMera-

T

AkcnepumeHT RHO2013. [InanasoH 490 — 360 M3aB, 32 Touku, 4.1 N6’

L AREa0, 5113

3mepeHune 13 marHuta BOrll. . . .
p20636<8 SHEprnn MeTodoM pe3oHaHCHOM Aenonapusaunn. « TEnnblny
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XpoHonorusa pa6otbl B 2012-2013 roay (II)

ArpeRR3 ©

%éo,nzwargllﬂ?é(yle aHeprunmne akcnepumeHta RHO2013. [lnanasoH 360-160

%ﬁ;"lpenﬂ — 11 mas

I;I%%qonmeHme akcnepnmeHTa RHO2013. JnanasoH 440-530 MaB, 18 Touek,

éa%aﬂ — 26 noHsA

%(_QHt-laHme akcnepumeHTa RHO2013. JuanasoH 410-370 MaB, 11 Touek, 5

ggmom — 9 nons

OkcnepumeHt ETAPRIME2013, 1 Touka E=478.89 MeV, 5 n6-' (KMI)

%monﬂ — 17 nonga

N3yuyeHne BO3MOXHOCTU YOTMHEHWS CrycTKa.

Asryct 2013

Pabota no gemoHTaxy kaHana 63M-B3Tl1, pasbopka yanos b3l




