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Nuclotron operation

e Statistics of runs #52, 53
* Machine development
* Nearest plans




Statisticssof operation

Run #52 “technological” 02.06 - 30.06.2016 (650 h)

RFQ fore-injector commissioning (first stage)
Optimization of SPI regimes

Test of polarimeters:
after LU-20, at Internal target, at extracted beam

Test of the Booster power supply prototypes at SC load
Test of White Rabbit segment at BM@N

Improvement of beam line current stability



Statisticsiof operation

Run #53 26.10-25.12.2016 (1400 h)

SPI optimization, polarimetry
Spin physics experiments
Test of BM@N and MPD elements

Test of the Booster power supply prototypes
with beam acceleration

Stochastic cooling, diagnostics, adiabatic capture



A.Alfeev

Cooling, 7.3%
——— Tuning, 8.7%

Time distribution

Repairs, 4%

Machine
development
NICA R&D (24%),
Experiments

Unexpected losses, 2.5%

77.6%

Polarized, unpolarized deuterons, maximum energy of extracted beam 4.6 GeV/u
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Routine operation of SPI and new fore-injector
Polarized deuteron acceleration:

Intensity 2+5*108
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Deuteron Spin Structure experiment, internal target



V.Volkov

E.Gorbachev
Amplifiers D.Monakhov
’ FlexRIO FlexRIO -
: RF Amplifier AR A3A
Filters, Digitizer Digitizer plitie 800A3
Detectors ADC 18 bit DAC 14 bit
' output

Pick-up electrodes
Xand Z

NI PXle-1085 crate ( PXI system ) Impedance
with modules: 1

transformers
FlexRIO Digitizer (developed at JINR)

NI PXle-7975R FlexRIO module
PXI-6733 High-Speed Analog Outputs
NI PXle-8135 2.3 GHz Quad-Core PXI
Express Controller




¥ Q=meter: Measuroments

2 signal after injection, 5 bunches
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Run #53



V.Volkov
E.Gorbachev
D.Monakhov

RF and Pick-up signal synchronization
Single-bunch excitation and measurements
3D (Direct Diode Detection)

Sensitivity down to 1e8 elementary charges

Accuracy AQ < 0.0025

Diagnostic kicker
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| V.Zhabitsky
The particle distribution in the longitudinal phase plane
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The particle distribution in the longitudinal phase plane
a few ms after injection
80

60
40
20

AE o

=20

-40

—-60

i

-80

|
[0}
o

-60 —40 -20 0 20

n
o
[9)]
o
o)
o

*x10

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

.Zhabitsky

12

43<
.



2017: o

Preparation for the Booster construction
Start of BM@N experiment

Two Nuclotron runs
-February — March
(SPI - polarized d (p), laser source Li, C)

-November — December
(KRION source, Kr, Ar)

2018:

Booster assembly and commissioning



‘' Preparation for BM@N

Installation of buncher at LU-20 fore-injector
(under RF test at ITEP)

Adiabatic capture

Improvement of the beam line current stability

Test of White Rabbit (R&D for NICA synchronization
system)
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Adiabatie capture
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Nuclotron to BM@N beam line:

26 elements of magnetic optics:
— 8 dipole magnets
— 18 quadruple lenses

Building 20
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Prototype of the current control unit

Long-range relative current stability of 50 KB source is better than 103,
Ripple at 300 Hz 0.5...1% (depending on output current). (Run #52)
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"New source'a'tk

Qoh

BM@N dipole magnet
(CI157)

IM-600-180 LM Invertor (Moscow)
600 A, 180V, ripple 104 19



‘AN B & Run #53

” Bpema 0.000125¢ Sig_1_1 -3181.726563 mV

24

First test 22 November
= The stablllty was |mproved durlng the run

-3205

IM-600-180 LM Invertor (Moscow)
600 A, 180V, ripple 104 50



V.Butenko,
A.Govorov,
V.Monchinsky

iHILac commlssunlng\
=3 ¥ \,\*

Acceleration structure
BEVATECH (Germany)

Power amplifier
TOMCO (Australia)

Low level RF
ITEP

Diagnostics
INR RAS

Vacuum system
Vaccum Praha

Building preparation,
_ lon source,
October 2016 — LEBT,

carbon beam from laser source was accelerated Lens power supply, ...
up to design energy JINR

21



Preparation for Booster
construction

e Status of manufacturing the magnets
* Power supply system

22



The Nuclotron-type design based on a cold, window-frame iron yoke and a winding of
the hollow superconductor was chosen for the NICA Booster.

Figure 2: View of the doublet of the lenses. 1 — half-
Figure 1: View of the dipole magnet. 1 — lamination, 2 - coil, 2 — half-yoke, 3 — beam pipe, 4, 5 — beam
side plate, 3 - end plate, 4 — SC caoil. position monitors, corrector magnet



- Main characterfs‘tiéﬁs; of the?magnets

Number of magnets 40 48

Max. magnetic field 18T 21.5T/m
(gradient)

Effective magnetic length 2.2m 0.47 m

Beam pipe aperture (h/v)

128 mm/ 65 mm

Radius of curvature

14.09 m -

Overall weight

1030 kg 110 kg




emblin g

H.Khodzhibagiyan
A.Kostromin

The facility for assembling and cryogenic tests of superconducting magnets
for NICA and FAIR projects was commissioned 28 November 2016.



. Yoke of the Dipole Magnets — 27 or 68% H.Khodzhibagiyan
Coll of the Dipole Magnets - 16 or 40% A-Kostromin

. Yoke of the Quadrupole Magnets — 48 or 100%
Coil of the Quadrupole Magnets - 38 or 79%

. Yoke of the Corrector Magnets — 8 or 25%
Coil of the Corrector Magnets - 2 or 6%

. Cryostat for magnets — 71 or 100%

\\ ’I oD
\\“\\\\\\\}} . /

e =
- ==
= ) i

We plan to have 75% magnets at the end of 2017



The Booster power supply system
F ‘ : V.Karpinsky

Consists of three powerful units:

-Main source 180V, 12 kKA
-Additional sources for quadrupole lenses
25V,400 Aand 15V, 300 A

Three companies participate in the tender:

-LM Invertor (Moscow)
-EVPUas (Slovak Republic)
-Frako-term (Poland)

27



The Booster power supply system
V.Karpinsky

Prototypes were tested

Run #52: Operation on SC load
Run #53:. Beam acceleration:
-LM Invertor

-EVPUas

Frako-term unit is transferred
to Facility for SC Magnets Assembling and Cryogenic Tests

28



Progress.in the NICA collider design

 R&D for stochastic cooling
* NICA synchronization system (Test at BM@N)
* Dynamics optimization

29



#Stochastic: coollng(Run #53)

Prototypes of ampllflers

PN
N

Sukhoy Gomel State University
Belorussia

|.Gorelysheyv,
N.Shurkhno

2 -4 GHz
30 W
Ap <+ 50

30



Sensitivily, rel.units

Stochastic coolifg?
! |.Gorelyshey,

2.5 GeV/u, beam intensity ~4e8, N.Shurkhno
Magnetic field plateau duration 30 — 300 s

Time-of-flight cooling

Pick-up sensitivity Im(BTF(A))

0.01r-

\

5 3 A [ "
Frequency, GHz

0.0t

One of 8 plates, 200 harmonics
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Sensitivily, rel.units

Stochastie Co,o I ng

2.5 GeV/u, beam intensity ~4e8,

Magnetic field plateau duration 30 — 300 s

Pick-up sensitivity

0.0t

\

2 3
Frequency, GHz

4

One of 8 plates, 200 harmonics

|.Gorelyshey,
N.Shurkhno

Time-of-flight cooling

Im(BTF(Af))
0025

002 Re(BTF(Af))

~0:02

275 GHz

Clgegbe
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Sensitivily, rel.units

Magnetic field plateau duration 30 — 300 s

1.5+

Stochasticcooling‘f

2.5 GeV/u, beam intensity ~4e8,

Pick-up sensitivity
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2 3 4
Frequency, GHz

One of 8 plates, 200 harmonics

|.Gorelyshey,
N.Shurkhno

Time-of-flight cooling

Im(BTF(Af))
002}

~— Re(BTF(4f))

-0:02

e - 3.5GHz

41 harmonics were measured
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Initial spectrum N_Shurkhno
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Frequency, GHz
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Stochastie coolifrg?
|.Gorelyshey,

Smoothed (Gaussian filter) N.Shurkhno

The gain << optimal

&
|

— Initial

Shifted o N
After 15 s| Diffusion is negligible

I
|

Investigations of
coherent term
(friction force)

as function of

the system delay
— | and beam energy

Schottky noise power, p¥y

2 64418 2 6442 264422 264424 264426
Frequency, GHz

35



)
ﬁICA synchré’j ‘

White Rabbit project was started to develop

next generation control and timing network for CERN.
Later FAIR facility joined the project. (_
Currently, the project is a collaboration / |

of many institutes and companies around the world.
The project is both, open hardware and opens software.
The projects aims at creating an
Ethernet-based network with:

low-latency,

deterministic data delivery and network-wide,
transparent,

high-accuracy timing distribution.

The White Rabbit Network (WRN)

is based on existing standards, namely

Ethernet, Synchronous Ethernet and PTP. |«

Sub-nanosecond accuracy

km

2000 nodes




cSTREMON

V.Slepnev

Run #52

bld. 201

~1.5km

bld. 205

UT24VE — Universal Board with White Rabbit support and Power-over-Ethernet



Dymramics eptimization, ..o

At Russian Particle Accelerator Conference RuPAC 2016 B.Levichey,
25 of November was provided special satellite meeting T.Kulevoy
dedicated to particle dynamics in the NICA collider.

As result a distributed scientific group

iIncluding specialists from JINR, BINP, ITEP

was established

23.12.2016

Brnuxaiwme 3agaym uccrnenoBaTenbCKUX U NPOEKTHbIX PaGoT No yckopuTenbHomy komnnekcy NICA

1. PacuyéTHo-aHanuTuyeckue 3aga4vm AMHamMuky nydkos noHos B Konnanpgepe NICA

3aKkoH4UTb hopMupoBaHue onTuku @OO0-503m

BbiGop paGoyert Touku (cMm. n. 5.2 Takke). V23

CxeMa KoppekUuun XxpomaTuyHocTu. 12 3) .

et perou 79 Detail plan of nearest works
4.1. paboTa cMcTeMbl KOpPEKLMN XpoMaTuyHocTu b 2)3)

4.2. olwunBok napameTpoB ariemeHTos 12 3)

4.3. HeNMHeNHOCTEN KpaeBbIX NOMei KBaapynosibHbIX NMH3 1) 2)3)

4.4. achcheKTOB NPOCTPAHCTBEHHOTO 3apsfa CrycTka U ahdeKkToB BCTPEUU nyykos. 24

KomneHcauusi BnusiHna Ha [JA HENMHENHOCTEN KpaeBbIX NoMnei C MOMOLLbIO

5.1. OKTYNosbHbIX KoppekTopos 1) 2 3)

5.2. Bbibopa paboyeit Touku 12 3)

5.3. yBenuueHus B* 1o 0.6 m H23)

BnusHue Ha paboty MPD nepexopa ¢ B* = 0.35 M (McxoaHbii NpoekT) Ha B* = 0.6 MY, BnusHWe Ha paboTy MPD pacnpefeneHnsi CBETUMOCTM MO AJIMHE y4acTka BCTpeun L(s)
BnusHue pa6oTbl BY-cuctembl Ha avHaMuky YacTuuy B Konnaiigepe ) 7)8)

MepeHacTpoiika B* ¢ 2.0 M (pexum HakonneHust) Ha 0.35 1 0.6 M (pexxuM BCTPeYHbIX NyykoB); 12 3)

Koppekuus x-y cBsiav npu noMoLum skew-ksagpynonen B NpsMOSIMHENHbIX cekumsixD 2 3)

Jlokanuaauus notepb nepesapsikeHHbIX U paccesiHHbIX YacTuy, V) ?)

YCTOMYMBOCTb MHTEHCUBHBIX MOHHBIX Ny4koB B Konnangepe 4 ?) u umnenaHc BakyymHon kamepbl Konnarigepa ?)
KorepeHTHble HeycTotumBocTn® ) n feed-back cucrem ?)

Cneumduka grHaMMUKM YacTuL, NpU UCMONb30BaHNK CUCTEM oxnaxaeHus 1 6)

[onroBpemeHHasi CTaBUNbHOCTb AMHAMMUKM YacTul, U cBeTumocTu B Konnaigepe 4 6 ?)

Bakyym B Konnaingepe v npobnema aneKkTpoHHbIX o6nakos © 7) 8) ?)

Monsipu3oBaHHbIE My4YKM NPOTOHOB W AeiTpoHoB B Konnaiigepe 9 ?)

2. UHxeHepHOo-thusnyeckne N TexHMYeckue 3aga4m yckoputernbHoro komnnekca NICA

2.1 OnTuMK3aumst KOMNOHOBKW/KOHdMIypaumm obopyaoBaHus konew konnavaepa, nepexofapl « Tenno-Xonoa» Ha cTeikax Cll un «TENmnbIX» 3NeMEeHTOB, y4acTku BCTpeyn/pa3BefeHust
NyYKOB, HXEKLUMN 1 cOpoca NnyykoB

2.2. CucTema ynpaBneHusi U CMHXpoHusauum 10

2.3. Pexumbl paboTbl yckoputenbHoro komnnekca NICA, cornacoBanue ¢ MPD 1 SPD

2.4. ONTUMM3auns CEMENCTB MCTOYHUKOB NUTaHUSE 38
2.5. MIHbpacTpykTypa koMniekca (KpuoreHuka, anekTpo- U BogocHabxeHwme)



Dymramics eptimization, ..o

At Russian Particle Accelerator Conference RuPAC 2016 B.Levichey,
25 of November was provided special satellite meeting T.Kulevoy
dedicated to particle dynamics in the NICA collider.

As result a distributed scientific group

iIncluding specialists from JINR, BINP, ITEP

was established

Responsible persons

OTBeTCTBEHHbIE UCNONHUTENU, BeAyLlue YUCIIeHHOe MoAeNnnpoBaHMe N aHanuTM4Yeckue pacyéThbl, MOAroToBKy (KoppeKkumio) husnyeckoro npoekra:
1) O.C.Koanos, C.A.KoctpomuH — OUAN

2) C.l'nyxos — A® CO PAH

3) A.E.Bonbluakos, N.P.3eHkeBny — NTIP

4) O.Wartunos, C.A.HukutuH — NAS CO PAH

5) A.B.Enncees — OUNAN

6) A.B.CmupHos — ONAN

7) C.A.KpacHos - NA® CO PAH

8) A.B.®ununnos — ONAN

9) Cneuwnanuctsl UAD CO PAH

10) B./N.Bonkos, E.B.MNop6ayés, B.M.Cnennés — ONAN

PykoBoautenu u KoopauHaTopbl HanpaBneHUn (KPOMe NepPEUNCNEHHbIX BbILLE)

. TpybHukos, N.Mewkos, B.Kekennase, A.Bytexko, A.CuaopuH, E.CeipecuH, I'. XogxubarusiH, B.'onosatiok, A.Tyaukos, B.Kapnuxckuit, H.Tonunun n KO, H.Aranos, H.EmenbsHoB,
H.Cémun (ONAN)

E.JleBuyues, MN.Jloraués, B.Mapxomuyk, B.PeBa, A.Tpubenauc, A XKypasnés, t0.lWaTtyHos, W.Koon (MAP CO PAH)

T.Kyneson, M1.3eHkeBnd (UTID)

C.VBaHoB (M®BJI)



Thank you for attention



