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The CRYRING facility




lons That Have Been Stored in the Ring

The following ions have been stored in the ring, most of them have also been accelerated,
and some decelerated. All but a few have been used for physics experiments.

Singly charged positive atomic ions:
H+ D+ 3He+ 4He+ 7Li+ gBe+ llB+ 12C+ 14N+ 1GO+ 40Ar+ 40Ca+ 4SSC+ 48-|—i+ 56Fe+
83KI’+, 84KI’+, 86KI’+, 88Sr+l 129X8+, 131Xe+, 132XG+, 1388a+, 139La+, 142Nd+, 151EU+, 197AU+,
208p |t

Pb

Multiply charged atomic ions:
4H62+ 1lBZ+ 12C2+ 12C3+ 12C4+ 12C6+ 14N2+ 14N3+ 14N4+ 14N7+ 1602+ 16O3+ 1604+

1605+ 1608+ 19F6+ 19F9+ ZONe2+ 20Ne5+ 20N86+ ZONe7+ 20Ne10+ ZBSIS+ ZBSIll+ ZSSI14+
3285+ 36 9+ 36Ar10+ 36 I,12+ 36Ar13+ 40 5 7+ 40 9+ 40 p 11+ 40 13+ 40Ar15+ 4811+
58N|17+ 58N|18+ 84Kr33+ 126Xe36+ 129Xe36+ 129Xe37+ 136xe39+ 136Xe44+ 207Pb53+ 208Pb53+
208Pb54+ 208Pb55+

Positive molecular ions:

H,", HD', Hs*, D,*, H,D", *HeH", ®HeD", *HeH*, D3*, He,", LiH,*, Ds*, BH,", CH,",
NH,*, OH*, CHs*, NH,*, H,0", Hs0*, HF*, ND3H", CDs', ND,*, D;O*, C,H*, CN*,
C,Hy*, HCNY, CoH3*, HCNHY, CH,H, CO*, N,', No2*, 13CO*, NoH*, CoHs™, HBC O,
NO*, D¥*CO*, CH;0", CF', O,", CH3NHs*, CH;OH", CH3OH,", H,S*, CD;0", PD,",
N,H;", D,%*S*, CD30H,", CD;0D*, Hs0,", D,**S*, D3*2S*, CD;0D,", *CD;0D,",
D3*S*, CsH4", D,CIY, DsO,*, CH3CNH', C3D3*, NoD7*, N3*, C3H;*, NaD,O*, CO,",
HCS*, C,Hs0*, DN,O", C,HsOH*, CO,D*, CD;CDO*, NO*-H,0, 05", DCOOD,",
CD;0CD,", C3D;%, CF,", NO"-D,0, DC3N*, CDsOCD3*, N3H1o", DC3ND,
CD;0DCD;3", H;05", COS*, N»,O,", CHsOCOH,*, D;03", N3D1o', C4Dy*, S20,*, ArN,*,
HyO4", CD3COHNHCH;", CD;CONHDCH;3*, CsDs*, PO*'CI*, H1105", C,S,Hs",
C,S;H7", Hi30¢", PO*CI,*

Negative atomic ions:
H, Li, F,Si, S, Cl, Se’, Te’

Negative molecular ions:
CN’, C4, Siy Cly

Range of energies per nucleon: 38 eV/u — 92 MeV/u

Range of total energies: 5 keV — 1.4 GeV



CRYRING diagnostics

 Beamlines:
— Fluorescent screens
— Faraday cups
— Strip detectors
» Storage ring:
— Faraday cups (one with fluorescent screen)
— Electrostatic pickups
— Schottky detector
— DCCT (Bergoz)
— ACCT (ICT, Bergoz)
— Residual gas ionization beam profile monitor
— Neutral particle detectors



Fluorescent screens

» CHROMOX (Al,O4(Cr))

— Sensitivity varies a lot depending on ion species,
energy and pulse length but normally pulses of a few
tens of nA can be seen with a standard CCD camera.
Pulse lenghts can be made longer to increase
intensity. Darken with exposure.

. Csl(TI)

— Higher sensitivity, especially for low energy ions, but
(probably) not UHV compatible

Not used for intensity measurements



Faraday cups

« Gain up to 108 V/A. Higher gains (up to
1012 V/A) available, but rise times become
unpractical for pulsed beams.



CRYRING diagnostics

» Storage ring:
— Faraday cups (one with fluorescent screen)
— Electrostatic pickups
— Schottky detector
— DCCT (Bergoz)
— ACCT (ICT, Bergoz)
— Residual gas ionization beam profile monitor
— Neutral particle detectors



Electrostatic pickups

 Cylindrical, diagonal cut

* Preamplifier input circuit with two FETSs,
type 2SK300, connected in parallel. The
equivalent input noise is 5 pVrms
@ 10 MHz BW (G=52 dB).

« Sum signal mainly used with spectrum
analyzer for intensity monitoring and
optimization



Automatic optimization

B) op Scope.vi Front Panel

File Edit

1
0,002

Prasant slope 0,077 Start values in % C\Data\Opti S.ref

nurnber of

Jverages 501: #4 E1QDE3.clv changed from 1491,56 to 1515,73 (+3,7)

e 502 #4 E1QDEI.cUv changed from 1515,73 to 1491,56 (+4,2)

. 502 #4 E1QDEZ.clv set to 1503,64

H_Dl_d__ S04 #5 E1DEA,.cUN changed from 5,91 to 18,00 (+1,9)

505 #5 E1DEA.cUh changed from 18,00 to 5,91 (+4,5)
505 #5 E1DEG.CUk set to 11,95
S06: #6 E1DE7.cUk changed from 126,85 to 138,94 (+4,2)
502 E1DEG.clUh changed to 24,04 and E1DEZ.cUk to 151,02 (+4,7)
510 #7 E1DEA.cUy changed from 160,45 to 148,37 (+1,1)
511 #7 E1DEG.cUy changed from 148,37 to 160,45 (+2,2)
511: #7 E1DEA.clUv set to 154,41
513 E1DEG.clv changed to 166,49 and E1DET.clv to 8,66 (+4,9)
517 E1QDE4 cUh changed to 1551,328 and E1QDE4.cly to 1987,53 (+2,8)
520 #12 E1DES.clUv changed from -11,12 to 0,96 (4+5,6)

Round 5. C1 to RFQ, from ECR.

522 #1 C1BVM3.cI changed from 12,79 to 12,78 (4+5,2)

524 #2 C1DHMS.cI changed from 0,17 to 0,21 (+5,4)

526 #3 C1QDE3.clv changed from 731,02 to 755,19 (+2,7)

529 C1ODE3 . cly changed to 731,02 and C1QDEZ.cUh to 1108,69 {(+1,1)
530 C1ODE3 . clv changed to 799,19 and C1Q0DEZ.cUh to 1084,52 (+1,1)
531 C1ODE3 . clv changed to 731,02 and C1QDE3.cUh to 1108,69 (+4,2)
533 #3 C1QTE4.cUv1 changed from €037, 76 to 4061,93 (+5,2)

539; #6 C1QTE4.cLh changed from 5267,97 to 5316,30 (+6,0)

Beam before and optimization attempt #

Round 5. The RFQ.
539; #1 RORFQ.CU changed from 11,00 to 12,00 (+5,1)
Round 5. RO and R1 upstream, between RFQ and first bend.

wiorking with #2 ROQDE.cU, step=0,01
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Schottky detector

Ap/p (x107)

Schottky signal from a beam of Xe36* ions showing the transition of the beam to an
ordered state at around 1000 particles



Current measurements
DCCT
Bergoz, about 1 puA noise p-p

AT r



Current measurements
DCCT
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Current measurements
DCCT
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Current measurements
ICT (Integrating Current Transformer)
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LabView program to normalize pickup signal and ICT signal to extend the
measurement range



Current measurements
ICT

2.5
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/

H2S* bunched beam current during 10 s, averaged over 66
cycles (BW=20 Hz)



Current measurements
ICT




Current measurements
ICT

Developments:

* Alow noise Wideband Amplifier has been designed and placed close to the
Integrating Current Transformer to give 4 V/A sensitivity.

— Gain 80dB
—  Noise 1 nVrms/vVHz
— Bandwidth 1 kHz-10 MHz

» A Differential Input Double Integrator with 33.3% duty cycle

« Low Pass Filter
— Bandwidth 20/100 Hz (20 dB/decade)

A Programmable Phase Shifter
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Current measurements
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MCP neutral particle monitor
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Beam profile monitor
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Beam profile monitor, time resolved
measurement of transverse cooling

40 mm

Vertical profiles of an F6* beam during successive 61-ms intervals, starting 61
ms before the electron beam is realigned with the ion beam and cooling
begins.

From Danared et al., EPAC 2000, "Studies of Transverse Electron Cooling",
http://cern.ch/AccelConf/e00/PAPERS/WEOAF101.pdf



Thank you for your attention!




