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Layout, AC U70 vs the U70 proper

Proton radiography | 4 machines (since Oct 2007):
—_ » 2 linacs
100 MeV o2 synchrotrons
70 CeV 1.5 GeV * f
@ | SVD | | FoDs | | HYPERON || Radio-biology |
’_l; \ URAL-30
30 MeV
. =<2
24 .i/2
Tt 1
‘ \ﬂ[ ]l ISTRA | || RAMPEX (SPASCHARM)
| TNF-Atlas | VES MIS ITEP
Modes:
* p (default, 50-70 GeV) URAL30-U1.5-U70 P
* light-ion (d, C) 11200(2 of 3)-U1.5-U70
Light-ion (C): In a SIS-18, SIS-100 name convention:
* high energy 24.1-34.1 GeV/u || » LIS-233 [T-m]
* intermediate energy 453-455 MeV/u ||« LIS-6.9 [T-m]
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Beams of
p’ ﬂ:, Ka ea V1 C

Proton radiography

1-100
100 MeV

Field of research:

uU-70 U-1.5
70 CeV 1.5 GeV * h spectroscopy
o * Spin physics
| okA | svo | [ Fops QYI}ERDN Hlﬁadln-hlolugy | N e rare K-dec ays
’ K l 30 Mev * h-A interactions
1 == + [v physics]
1 « [nuclear physics]
| sPn | | [ 1sTRA | | | RAMPEX (sPASCHARM) O qac
| ™NF-atias | [ ves | [ s mep |

Collaborators:

IHEP, ITEP, JINR,

INR, St.-PbNPI, SINP MSU,
MEPhHhI, CERN, FNAL, ...

0 R to note: OKA (#21), FODS (#22), stretcher (#25)

span

;A

>

Up to 9 HEP experiments (= No of setups) per a run, up to 7 beam users per a cycle
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Goals of activity with accelerators

3 [4] goals:

e Regular runs: stable operation and high p-beam availability

* Improve p-beam quality (lower €, higher N, up to 3-10%3 ppp)

* Implement a complementary light-ion program, g/A = 0.4-0.5
 [Assess other diversification and development options ]

. B

Convert the U70 Accelerator Complex into
a universal hadron accelerator (& storage ring)
for a fundamental and applied fixed-target research
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Extraction (fixed target, multi-user)

Inventory:
e 1-turn/1-bunch FE

* SRE (Q38 & SSE (new))

o IT
* bent Si-CD SE (new)

« flat-bottom (S)SE (new)

Current

KA

AlkA

Seguential and parallel flattop sharing

18t 14 of a flattop, SSE

2nd 15 of a flattop, IT & CD

ugper 3% limit

duty factor (®)?/(d?) to 0.94.
No lines of mains harmonics

June 23, 2014

30th IW on HEP, Protvino

i|HEP————
8 of 26



Slow stochastic extraction

S12
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200 MHz RF system

CERN Courier vol 47 no 2 March 2007:
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Slow extraction & the OKA experiment

Data: run 2009/1

Data from the OKA facility counters

Pre-Intensimeter Histogram visible:
number of bins: 2048 | gyries: 282323 ‘ Mon Apr 20 00:19:26 2000 ‘
7.500e+2
5.000e+2
2.500e+2
0.000e+0
0.0
visible: [~

Pre-FFT Histogram

number of bins: 470

Mon Apr 20 00:19:26 2009 ‘
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Proton radiography

Technological dara from the U70

Spill 1.85 s long
0.95-10%3 p per a spill
50 GeV
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Bent-(Si)crystal deflectors

Run2007: 3 CD(19, 24, 30)
6 experiments

test beams, R&D

Siae

BTL #22
BTL #8

BTL #23

eam users - experiments

8
10

BTL #14

Beam to IHEP-CERN experiment
on radiation sustainability of liquid Ar
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Flat-bottom S(S)E
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Longitudinal feedbacks
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Tek

® »
- S
DC CT 5'| e B ! _
PU ; Bunch length [12.2 ns
v VB l /7 Peak power 0.4-1 TW
RF Lo / \ |
Am‘m—q.ﬂw_ / ; 4
peak D e [ M R SR St i R
@S (] (1] @ s
! flocr. Bukn s & | —azomdiv ou | T l oooooooo xn fankan Sooms B | -a7Ediv
without 200 MHz spill cavity below v,
@ 50 GeV
< 2006 > 2007-8
Bunch length (FW@0.9) 36 ns 12-15ns
Momentum spread Ap/p +1.10° | +4-5.10*
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DDS RF Master Oscillator

New digital MO in RF of the U70

£
H
£
=
ph
Tek  Run_ Hifes 42 hugs 28 Apr 10 17:12:22
A1 Ofrit o he E: 200kt 25D 0y
F - . . ] A b £ 7S0mY
Hacans padaru sy or B2, w |20 Gonar g Exp (09270, rpame 130 E Ji 1
Oeainsans pasarw eosrypa o7 B2, we 8600 KouaommoHT Younarn o s e s ssaie |1 . L B B L L o o o B e e
-+ b
Faponaic tonicpinrs OG acrora cpas imrerprpyousrosees (2000t 8 b
7 F T 4
— ]
e Padn Annaparypa Magckasa <
N .0 ® m () & Cumert configuration: Protont 3| Gethotcopy: 1 2 8 math parameter|0.00 ]
ar & EoHTYp | P KOHTYR BY 1o 1
Crapt BY rsssc i o1 KT (0-8500), Mo 2000 Hocmepssias uactora (5500000-8500000], My 6100000 e B
Nepoan dpaza Bropaa gaza Tpenm dian 1
= 1 1 1 | 1
5 5 . i Thi— [Foom1 chz—
: Ao, (0 650000). we 5000 Mmenamaioers (0.650000), meo 3000 Fnarmrsocys (0-2500000) e 1060000 80ms oy 8.0ms
Hintogmen

SWA0.8 HINLBO Crarye Dumdia aarsien & Moy HC-15! B2 fla KC1:fla Ek-la Roe: fa [N 100 T—42

7im
e 1 e e
2804R10 133251

BLLLLLCELR it

=

71 | Il S |
[ {

L-..._.,..a/! ..\--......-!J Ih-...,...«‘ l\-_..,.—_.-—...
e i

) CE3
wpe Cpemmee Wyaw Maac C1.ovem, M 1L71% 1M Towes
1 i o = |
Enmz 200
eyt

i
L +flarsmn 163 S 108 En  $0REn 188.3n  0 0

Thauenee CPEneE Mvmps VaC
Amrems 126 Inc 1361012010

June 23, 2014 30th IW on HEP, Protvino



Transverse (NB, local) feedback

ESK@SS2 | 0-0.2MHz | 435.0kV | PU @ SS2 (+ @SS116) -
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Digital transverse (WB) feedback
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Instabilities

Back to factory default freq range of RF system, 2.6 (4.5)-6.1 MHz instead of 0 5.5-6.1 MHz

Cures:
« Momentum spread,
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Strategy of light ion program

Incremental:
* ion species p—-d- C
 along cascade [1100 - BTL] - U1.5 - BTL - U70 flat bottom circulation (DC
PSU, RMG) - U70 fixed-field variable-RF acceleration - U70
transition crossing — U70 ramping to flattop field
* intensity [gpp] 1-1/10 — 1/50 & low-N pilot p-beams prior to d, C-beams
O = | >
Reference ions 1100, 2 cav of 3 ul.5 u70
g= Z, q/A =1/2 IN ouT IN ouT IN ouT
p, pilot beam | B 0.3724 0.9000 0.9999
Bp, T-m 1.2558 6.8659 233.38
T, MeV 72.71 1323.8 69 032 490
d B 0.1862 0.7392 0.9996
Bp, T-m 1.1856 6.8659 233.38
T, MeV/u 16.691 454.56 34057 236
C B 0.1862 0.7414 0.9996
Bp, T-m 1.1776 6.8659 233.38
T, MeV/u 16.678 456.53 34 063 24.1--34 1
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1100 DTL as a C-injector

Stand-alone runs of 1100
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Milestones

d: g=1, o C: g=6,
8 A=2, .0.4. A=12,
q/A=1/2 O8O0  g/A=1/2
Deuterons 2H* Carbon 12C8+
UL.5 16.7-448.6 MeV/u 16.7-455.4 MeV/u ;
March 30, 2008 December 08, 2010 “
u70 23.6 GeV/u 34.1 GeVlu
April 27, 2010 April 24, 2011
SE @ 455 MeV/u
April 24, 2011
24.1 GeV/u in BTL#22 &
FODS
April 27, 2012
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All H-E extractions with C

April 24,2012. C 24.1 GeV/u (flattop 0.859 T) 5-10% ipp (8 ).
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1st experimenta

NPh events

April 27, 2012. 1st ever extracted C beam in 190 m
BTL#22 = FRS & FODS (a FOcussing 2-arm
Spectrometer) experimental facility

24.1 GeV/u or 300 GeV full E

Hadron calorimeter Scintillator counters
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Dose eposiion in a water p'anto
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The OMEGA Project
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Conclusion

Accelerator Complex U70 of IHEP-Protvino:
« comprises 4 machines (URAL30, 1100, U1.5, and U70 itself),
 readily ensures running the fixed-target physics program
* iS subject to ongoing upgrade program
* has noticeably improved quality of proton beam

 is on a way towards a routine acceleration of light ions to 24-34
GeV per nucleon for high-energy nuclear physics

* now has slow extraction of 455 MeV per nucleon of 12C%* beam

* U1.5 and U70 now belong to PS and (L)IS categories

 open for a few promising options for future development
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