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OxnaxkaeHue ny4Yyka 4actul, o3Ha4YaeT YMeHblleHue wectumepHoro ¢pasoBoro o6béma
(3MUTTaHCa) 3aHMMAEMOro 3STUM MYYKOM:

V., = j dxdp,dydp, dzdp,,

Yem 60/bLUE YNCI0 HACTULL, B MYYKE M MEHbLLIE €70 SMUTTAHC , TEM BobLIE APKOCTb
My4yKa, @ 3HA4YUT U APKOCTb OCHOBAHHOIO Ha HEM UCTOYHMKa cBeTa (UC), n CBETMMOCTb
obnacTn nepecevyeHms BCTPEYHbIX MYy4YKOB.

CyLecTBYOT [1BE BO3MOXKHOCTU OXNaXKAEHMSA MYYKOB YacTUL:
1. BBeAgeHue B cuctemy TpeHuna (Hanpmmep, CN), ’
2. CeneKkuua 4acTul, CNexeHune 3a ABUKEHNEM KaXKA0W U3 YaCTuUL, NyYKa U
ynpaBaeHue ABUKEHMEM KaXKA0W YacTULbl NePCOHaNbHO (0ObIYHO B 3TOM
AETEPMUHUCTUYECKOM C/ly4ae, Mo HeJ0opPa3yMEHMUIO, NCMONb3YEeTCA TEPMUH
«CTOXacCTUYecKoey, T.e. cayyaiiHoe).



[1na MeToA0B OXNaXKAEHMSE OCHOBAHHbIX Ha TPEHUM CYLLLeCTBYIOT Teopembl JInyBuana
N PoBbMH30Ha HaKNagblBaloLMe orpaHMYeHNsA Ha BPpeMs OX1aXKAEeHUA U YKasbiBatoLWme
Ha NyTb K NPOU3BOACTBY OX/1aXKAEHUA My4YKa YacTul,
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Cuwnraercs, 4To Teopema JInyBUILIS ONUCHIBAETCS MOJICJIBIO HEIIPEPBIBHOM JKUJIKOCTH,
B KOTOPOU TPACKTOPMHU YaCTHIL HE TiepecekaroTcesi. Ho Takas Moaesab 63 OroBOpOK He
BEpHA, TAK KaK B 3TOM CJIy4a€ INIOTHOCTh YMCJIAa YaCTUIl U TJIOTHOCTH 3apsiia
OECKOHEUHBI, @ UX TPACKTOPUHU B TPEXMEPHOM IIPOCTPAHCTBE KOOpAuHAT R
IIEPECEKAOTCs 1 MIPUBOIAT K BHYTPH-ITYIKOBOMY paccesHuto (intra-beam scattering)™.

B Teopuu yckoputesnei npu oocyxaeHun Teopembl JInyBuiis cuuTaeTcs, 4To
YaCTUIIbI ITyYKa HE B3aMMOACHCTBYIOT, (ha30BO€ MPOCTPAHCTBO MYCTO, T.K. YACTHUIIbI
TOYEYHBIC, & IIOTHOCTh YKCJIa YaCTUI] KoHeUHa. OTCro/1a CIEayEeT BBIBOI, YTO
BO3MOYKHO OXJIQKJICHHE OCHOBAHHOE HA MEPCOHAIBLHOM YIIPABICHUN YaCTUIIAMH,
cOOpoM uX B MajioM (ha30BOM 00bEME OrpaHHYCHHOM TOYHOCTBIO JUATHOCTUKU U
pasMepamu MPUHAJIEKAINX CUCTEME OXJIAXKICHUS SJIEMEHTOB YIIPABICHUS
TUHAMUKOW YaCTHUII.

*BHYTPU-ITYYKOBOE PACCESTHUE HE MEHAET (PA30BBIN 00BEM, HO JIEJIAET ET0
B (opme exa (MeHseT ero «3PEKTUBHBIN (Pa30BBIA 00BEM).



To date, five main methods to increase the phase-space
density of circulating beams in storage rings are operational:

1) cooling of e+e- -beams by synchrotron radiation (1946),

2) cooling of proton and ion beams by electron beams (1966),

3) stochastic cooling of (anti-)protons and ions (1972),

4) cooling of special ions by laser light (1993),

5) ionization cooling of muons (1994), is under intense development.

New cooling techniques are developed:

1) optical stochastic cooling of (anti-) protons, ions and muons
(1993),
2) transit time optical stochastic cooling (1994),
3) enhanced optical cooling of e-, ion, & 1 - beams (screen, UK, %)
4) broad band laser cooling of ion beams,
5) coherent electron cooling of ion beams,
6) a method of delivering of a monochromatic electron beam to
the LHC interaction point using broad band laser cooling,
7) fast broad band laser cooling of ion beams,
8) fast broad band laser cooling of long lived ion beams.

Each of these techniques were covered in detail in specialized
contributions and private discussions at this workshop.






Stochastic cooling
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At the time, there were discussions about a
possible clash with Liouville’s theorem,
which states that a continuum of charged
particles guided by electromagnetic fields
behaves like an incompressible liquid. In
reality, particle beams consist of a mixture
of occupied and non-occupied phase
space — much like foam in a glass of beer.
Stochastic cooling is not trying to compress
this "liquid" but rather it separates occupied
and non-occupied phase space, in a way
similar to foam that is settling. Once these
theoretical questions were clarified there
were still many open issues, such as the
influence of noise and the required
bandwidth. With a mild push from friends
and colleagues, Simon finally published the
first internal note on stochastic cooling in
1972 (van der Meer 1972).
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Simon van der Meer Nobel Prize in 1984

Once the validity of the method had been demonstrated, Simon’s idea rode on the
crest of a wave of large projects that took life at CERN. There was the proposal by
David Cline, Peter Mclntyre, Fred Mills and Carlo Rubbia to convert the SPS into

a proton—antiproton collider. The aim was to provide experimental evidence for the

W and Z particles, which ....

CERN Courier, v.51, No 5, 2011



Fig 1. Stochastic Cooling at LEAR (CERN). Different signal
transmission lines cutting through the ring can be seen (CERN
photo 9007366)
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oam*wmﬂuu HEJIHHEHHBIX CHHXPOTPOHHBIX
KOJ]EBAHHH ney BSAHMOHEHCTBHH NYYKA
- CPE3OHATOPOM.

ol KOHOHEHKO,_ A, M. lIEHEPOBUY

Pusurxo-mexnueckul 'uncniizmyml AH YyCcP, Xapsxos
Hoxaadwur A. M. Lllendeposuy
Beenenue

Ilpu uccnenoBannu NpopoOSbHBIX KoJefaHufl MyYKOB B HAKONHTEJE C
YyU€TOM HaBeAEHHOTO HaNpsKeHHs OOJNBIUKMHCTBO aBTOpoB [1—4} pacemar-
[PHBAIOT OGBIYHO TOALKO ABHIKEHWE CTYCTKOB, KaK 1eqoro. OTHOCHTeXhHOe
ABHKEHHE YACTHLl B CTYCTKEe HCcaefoBalo B pabore [5], omnako, asrop or-
PaHUYHJICH AHAJH3OM JHINDb JHHEHHOTO MpUOIHKeHHS.

Npesa ctoxacTmuyeckoro oxnaxaeHnsa obcyxxganach B Kyrnyapax 4o nosisneHus nyénukaumm BaH
oep Meepa 1972 r.. loBopunucCh crosa, YTo MOXXHO 6b110 6bl OXNaanTb, ecnu 6bl MOXXHO BbINo
BO3ENCTBOBATb Ha Kakayo YacTuly NonsamMu nepcoHanbHO NpeaHasHavyeHHbIMU KaXXaon
yacTtuue. lNpocneanTb U NOAKOPPEKTUPOBATL TPAEKTOPUN YaCTUL, MOXXHO B Crlydae HEeCKOSbKMX
yacTtuy,. CymTanoch, YTo 4SS BOMbLIOro Yncna YacTul, 3To He BO3MOXHO. Okasarnoch, 4To
BO3MOXHO.

OTOT BONpOC obcyxaancsd, Hanpumep Ha MeXxayHapoaHoOW KOHgepeHUumn no yckoputenam 1969 . B
EpeBaHe. Y MmeHsi 6bin BONPOC K OKNAa44YMKy OTHOCUTENBHO TeopeMbl JIMyBUnns B 3TOM crnyyae u
penfnka OTHOCUTENbHO TEXHUYECKON HEBO3MOXHOCTW OXNaXKaeHus ny4vka yactuy. Bonpoc sBowwen,
a pennuvka He Bowna B Tpyabl KOHDEPEeHUnN.



1. A. M. Bapmues, C. A. Xeiipeu, )KT®, 33, 320. 1963. |
2. H. A. Haymos, M. M. Kapiunep, A. H. Cxpunckuwd n np, Artomuas 3Heprus, T. 20,
soin. 3, 210, 1966.

3 C. C. Waxuoxanos, Atomuas sneprus, 1. 12, o 6, crp. 483, 1962,

4. M. M. Kapannep, A. H. Cgpunckuit, H. A. llextman, KT, 38, Ne 11, 1945, 1968.
5. A. . Bapsuues, XT®, 33, Ne 7, 882, 1963. |

6. A. H. llos6un, C. I Komnounenko, JI. B. Penpuuues, A. M. Wenaeposuu. Hccaesnona-

HUe HeJHMHeHHHX CHHXDOTDOHHBIX xonebanuii. Jokaan Ha 1-m Bceowsnom Copeliia-
HHH MO’ YCKODHTEJAM 3apsfKeHHbIX YacTHU, Mockea, 19068 r.

HHCKYCCHS

Becconoe: He orosopuics Ju AOKAAaGUMK, CKa3as, YTO B €ro MOJEIH HapyluaeTcs Teope-
ma Jluysnana? ,

Mlenpepoeuy: Her, ne oropopuics. B paccMoTpeHHoH 3ajaue NPOHCXOART HapylLieHHe
TeopeMbl JIYyBHAAA 3a CueT AMCCHIAUMK SHEPTHH B CTEHKAX pe3oHaTopa.

Dupenko: CxaxuTe Oojee MOAPOOHO, KaK NOHHMAThb KoaefaHUA ABYX CTycTKOB, KaK €.H-
HOro HeJoro ¥ nouemy Bbl OTPAaHHUHMCH YUETOM TOJBRO ABYX CEYCTKOB?

lllenpeposny: |. PaccMoTpennl ABa CryCTKa, KaX[bld H3 KOTOPLIX ABHKETCH Kak LeJoe,
T. €. He paccmanHﬁ’amTca 3((deKTsl THNA 3aTyXaHus JlaHaay. '
2. B pa6ore Bapbiwesa [O] orpunanoce BAMAHME pesoHaTOpa HA OTHOCHTEJEHOE
BHIKEHHE, TO3ITOMY JJIR HAC NPEeICTABAAAC HHTCPEC HCCACA0BATH fonee neranpHo
sToT BOnpoc. Mbl WceaeloBan IBHMKEHHE JBYX CPYCTKOB, KaK nauGoJee NMpoOCTOi
cnyvan.
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OnTnyeckmne MeToabl oxnaXxgeHus MYYKOB 3apAXXEHHbIX YaCTunL,
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Ecim my4ok dYacTuil JBMXKETCS BIOJb OCH OHAYJIATOpA, TO €ro YacTHIIbI
HCITyCKalOT BOJIHOBBIE MTAKEThI JUIMHOKW KA, re 4 - 1iauHa BOJIHBI IEPBOM IapMo-
HUKW OHIYJIATOPHOTO W3Jy4eHUs. ECIM MpearoNokuTh, 4TO BOJTHOBBIE ITAKETHI
HE MEePEKPHIBAIOTCS, TO B ’TOM CJIydae Mbl UMEEM JIEJIO C PEKMMOM CJIa0BbIX TOKOB

i —i I[A]_1610_193108 _4.8.10—11|
c K)ll ’ Kﬂl[m] Kﬂl[m] K4,=10"*m

[N ONTUYECKOro CTOXaCTUYECKOro MeTo/4a OXNaXKAEHMSA HYKHA toBenmpHas paboTta no
CeNeKUMUN U YNPABAEHUIO AMHAMUKOMN KarXKaoM YacTuubl. B aTom cnydae Ans ymeHbLUEeHUS
da3oBoro o6 bEMA ny4yka B NpoA0bHOM HanpaB/eHNnM HeobxoaMmo co3aaTb YC/I0BUSA, NPU
KOTOpPbIX:

1. B obuem cnydae, pa3nnyHbie N0 BEIMYMHE U, BO3MOXKHO MO 3HAKY, CKaYKMU IHEPTUM YaCTuUL,
Ny4YyKa NPMUBOAAT, B CpeAHEM, K USMEHEHUIO UX SHEPTUN B OAHY CTOPOHY: YMEHbLLUEHUIO UAU
yBenn4eHuto. B cryyae ymeHbLIEHMA SHEPTUU YaCTUL, - TEMI YMEHbLUEHUA SHEPTUM YacTuL,
MEHbLUMX SHEPTUN MEHbLLE, a B C/ly4ae YBEJIMYEHMA SHEPTMM YACTUL, - TEMI YBEJIMYEHUS
3HEPrmnmn YacTuu, MeHbLINX 3Heprun bonblue.

=4.8-10"A

[na ymeHblueHna ¢pa3oBoro o6bEma nyyka B nonepeyHom HanpasaeHUM HeEOHBXOAUMO:

2. B MOMEHT CKayKa 3HEPrum 4acTulbl CKAYOK MONOMKEHUA MITHOBEHHOW OPOUTbI 3TOM YacTULbI
NONXKEH NPUBOAUTL K €€ coNMKeHuto ¢ Yyactmueit. Hanpumep, ecnm yactmua B MOMEHT
CKayKa €€ 3Heprnm B KNKEPHOM OHAYNSATOPE HAaXoAMTCA CHAPYKN OT OpOUTbI, @ CKAaYOK
OpOUTbI NPOUCXOAUT B CTOPOHY YacTULbl (Cnyyar YyCKopeHua), To amnantyaa 6eTaTpoHHbIX
KonebaHMM YacTULbl YMEHbLLUNTCA. ITO YC0BUE AO0NXKHO BbINONHATLCA B CpeAHEM ANA BCEX
MPOXOXAEHUN YAaCTULbI YepPE3 KUKEPHbIN OHAYNATOP.
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The evolution of the amplitude of an ion
betatron oscillations in the radial plane.



Comment on”Damping Force in the Transit-time Method of Optical Stochastic Cooling” PRL
In Ref. [1] the author claimed, that he clarifies a specific aspect of a transient time method of optical
stochastic cooling [2]. The center point of his concept associated with basic transformation of energy in a

kKicker undulator described by the formula

5% =60 —G-sin(kRs;5P) (1)
where 5§, 5 is a particle’s relative energy before and after the cooling insertion respectively, k =27/ 4, A
is the optical wavelength, R, is the time-of-flight characteristics of the cooling insertion, and the G is a
damping coefficient. Author uses equation (1) even when the particle manifests substantial slippage with
respect to its own wavelet, emitted in a pickup undulator and optically amplified. One can see that if the
phase delay kR, 5® has an addition factor 270 (n=1,2,3,...) the term G-sin(kR,,6™®) does not change its
value.

------------------------------------
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E.G.Bessonov, FIAN, Moscow, Russia, A.A.Mikhailichenko, Cornell U., CLASSE, Ithaca, U.S.A.

[1] A. Zholents, ”Damping Force in the Transit-Time Method of Optical Stochastic Cooling”,
PRLST. Mar 1, 2012. 2 pp. Published in Phys.Rev.ST Accel. Beams 15 (2012) 032801.

[2] M. Zolotorev, A. Zholents, “Transit-time Method of Optical Stochastic Cooling”,
Physical Review E, 50, 3087(1994).

[3] E.G.Bessonov, M.V.Gorbunkov (Lebedev Inst.), A.Mikhailichenko (Cornell U., Phys. Dept.),

”Proposal for an Enhanced Optical Cooling System Test in an Electron Storage Ring”,
Apr 2007, 18 pp., Published in Phys.Rev .ST Accel. Beams 11 (2008) 011302.
Also Published in Conf. Proc. C070625 (2007) 3363, PACO7-THPANO059, Albuquergue, NM.
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Coherent Electron Cooling

Vladimir N. Litvinenko'* and Yaroslav S. Derbenev”

'Brookhaven National Laboratory, Upton, Long Island, New York, USA

“Thomas Jefferson National Accelerator Facility, Newport News, Virginia, USA
(Received 24 September 2008; published 16 March 2009)

Cooling intense high-energy hadron beams poses a major challenge for modern accelerator physics.
The synchrotron radiation emitted from such beams is feeble; even in the Large Hadron Collider (LHC)
operating with 7 TeV protons, the longitudinal damping time is about 13 hours. None of the traditional
cooling methods seem able to cool LHC-class protons beams. In this Letter, we present a novel method of
coherent electron cooling based on a high-gain free-electron laser (FEL). This technique could be critical
for reaching high luminosities in hadron and electron-hadron colliders.

FIG. 1 (color). A general schematic of

P the Coherent Electron Cooler (CEC)

Dispersion section, S5""""%_ comprising three sections: A modulator;

Hadrons  Modulator (for hadrons)  £--+=Ng -~ _._,"f_-" Kn:ker a FEL plus a dispersion section; and, a
- - = LR " . .

—> T ! | kjc,ker.‘The FEL wavelength, A, in Ll‘m

figure is grossly exaggerated for visibil-

k
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[4] To cool the LHC we suggest to use: (1) a 3.821 GeV ERL [5] Ya.S. Derbenev, in Proceedings of 7th Conference on
with 50 picosecond, 100 A peak current electron bunches Charged Particle Accelerators, Dubna, USSR, 1980,
at the rep-rate of the LHC's 7 TeV proton beam; (2) an p. 269; AIP Conf. Proc. 253, 103 (1992); in Proceed-
FEL with 65-meter-long helical wiggler (0.9877 T, 5 cm ings of COOL 2007, Bad Kreuznach, Germany,
period) operating at 10 nm wavelength [3]. September 9-14, 2007 (Report No. THM2105).




Comment on "Coherent Electron Cooling"

An interesting method proposed in [1] - coherent electron cooling (CEC) of ion
beams in a storage ring of the Large Hadron Collider (LHC). The authors estimated that
theirs method, in contrast to the other traditional methods of cooling, is an efficient
cooling procedure for the proton beam at high energy. As the subject of beam cooling is
Important for practical applications, we decided to compare the method described in [1]
with the one described earlier in [2].
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E.G.Bessonov, FIAN, Moscow, Russia, A.A.Mikhailichenko, Cornell U., CLASSE,
Ithaca, U.S.A.

[1] V.N. Litvinenko and Ya.S. Derbenev, ”Coherent Electron Cooling”, PRL, v.102,
114801 (2009).

[2] E.G.Bessonov, M.V.Gorbunkov, A.Mikhailichenko, “Enhanced Optical Cooling of
lon Beams for LHC”, Proceedings of EPAC 2006, Edinburgh, Scotland, pp. 1483-1485;
JINST 1 (2006) P0O8005.

[3] E.G.Bessonov, E.V.Tkalya, Laser cooling of nuclear beams in storage rings, Proc.
First HERA-III Workshop:"The new Frontier in Precision Lepton-Nucleon Physics",
Max-Plank-Inst., Munich, 18-20 Dec. 2002, http://wwwhera-
b.mppmu.mpg.de/hera3/Presentations.html ; arXiv:physics/0212100.
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Electron Beam for LHC

LHC

Mieczyslaw Witold Krasny,
LPNHE, Uniwversity Pierre et Marie Curie, Paris, France

Abstract: A method of delivering a monochromatic electron beam to the LHC
interaction points is proposed. In this method, heavy ions are used as carriers of pro-
jectile electrons. Acceleration, storage and collision-stability aspects of such a hybrid
beam is discussed and a new beam-cooling method is presented. This discussion is
followed by a proposal of the Parasitic Ion-Electron collider at LHC (PIEGQLHC).
The PIEQLHC provides an opportunity, for the present LHC detectors, to enlarge
the scope of their research program by including the program of electron-proton and
electron-nucleus collisions with minor machine and detector investments.

The electron-proton (electron-nucleus) colliders can neither compete with the
hadronic colliders in exploring the small-distance frontier of interactions of the basic
constituents of matter, nor with the electron-positron colliders in the measurement
precision. Nevertheless, they are very useful for a precise mapping of the emittance
and momentum distributions of partonic WBBs generated by colliding hadrons.

The Doppler cooling [4] may be used for this purpose.
4] E.G. Bessonov, E.V. Tkalya, arXiv:physics/0212100v1, 27 Dec. 2002.
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Figure 4: Two approaches to emittance exchange: in each,
an initially small beam with nonzero momentum spread is
converted into a more monoenergetic beam with a spread
in transverse position. (Figure courtesy of Muons, Inc.).



Figure 6: Three approaches to 6D cooling: (left) “Guggen-
heim” helix [24], (top right) “FOFO Snake,” [25] and (bot-
tom right) “helical cooling channel” (HCC) [19].

3ameyy unTupoBaHue Hawero bbiero cotpyaHuka KO.M.Ago
Y.M. Ado, V.I. Balbekov, “Use of ionization friction in the storage of heavy particles,” At.
Energ. 31(1) 40 (1971), English translation in Atomic Energy (Springer) 31(1) 731,
http://www.springerlink.com/content/v766810126338571/
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The muon collider would extend limitations of the ¢ ¢ colliders
and provide new physics potentials with a possible discovery of the
heavy Higes bosons. At the maximum enerey of 2 TeV the projected
luminosity is of the order of 1077 ¢one 25 1. The colliding ¢ ¢ bunches
have to be focused to a very small transverse size of 2.8 gm which is
accomplished by the betatron Tonctions at the crossing point of 57 =
S, This requires the longitudinal space ol the same length 3 .
These very short bunches at 2 TeV could circulate only in a quasi-
isochronous storage ring where the momentum compaction is very close
to zero. We report on a desien ol the muon collider isochronous lattice,
The momentum compaction is broneht to zero by having the averase
value of the dispersion Tunction throueh dipoles equal to zero. This has
been accomplished by a combination of the FODO cells together with a
low beta insertion, The dispersion function oscillates between negative
and positive values,



The Electron-lon Collider Project at Jefferson Lab,
Yaroslav Derbenev (Yuhong Zhang)

Electron-lon Collider on World Map
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Science Goals

The High-Energy/Nuclear Science of LHeC

Overarching Goal: lepton-proton at the TeV Scale
Hunt for quark substructure & high-density matter (saturation)
High precision QCD and EW studies and possible implications for GUT

The Nuclear Science of eRHIC/MEIC

Overarching Goal: Explore and Understand QCD:.
Map the spin and spatial structure of quarks and gluons in nucleons
Discover the collective effects of gluons in atomic nuclei

(role of gluons in nuclei & onset of saturation)
Emerging Themes:
Understand the emergence of hadronic matter from quarks and gluons & EW

The Nuclear Science of ENC

Overarching Goal: Explore Hadron Structure
Map the spin and spatial structure of valence & sea quarks in nucleons




JLab Nuclear Science: 12 GeV CEBAF

CEBAF fixed target program 12;1‘:9";“0 K S
+ S-pass recirculating SRF linac )f’ add
add 5 4 experimental
accelerating : hall
12 GeV CEBAF Upgrade I modules —
« A $340M project for energy doubling 'E;ﬂ:g )

« Construction near completion
« Commissioning will start on Nov. 2013

New CEBAF will provide
« Upto 12 GeV CW electron beam
High repetition rate (3x499 MHz)
High polarization (>80%)
Very good beam quality
Exciting science program beyond 2025

accelerator

accelerator

add 5
upgrade ’ accelerating

experimental -4 | bending

halls magnets

11 GeV max energy




Future Nuclear Science at JLab: MEIC
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Introduction

- JLab’s fixed target program after the 12 GeV CEBAF upgrade will be
world-leading for at least a decade.

* A Medium energy Electron-/on Collider (MEIC) at JLab will open new
frontiers in nuclear science.

* The timing of MEIC construction can be tailored to match available DOE-
ONP funding while the 12 GeV physics program continues.

« MEIC parameters are chosen to optimize science, technology
development, and project cost.

« We maintain a well defined path for future upgrade to higher energies and
luminosities.

* A conceptual machine design has been completed recently, providing a
base for performance evaluation, cost estimation, and technical risk
assessment.

* A design report was released on August, 2012.




A Medium energy Electron-lon Collider (MEIC) at JLab

MEIC Layout

Pre-booster lon
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‘.-l-.. _ Linac

> *
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§ collid # Collider rings

Three compact rings:

= 3to 11 GeV electron

= Up to 20 GeV/c proton (warm)
= Up to 100 GeV/c proton (cold)
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Warm large booster

(3 to 20 GeVic) Three Figure-8 rings
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collider ring Medium-energy IPs with
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ERL Circulator Cooler for MEIC Collider Ring

solenoid | Design Choices
A Y ion bunch |
ASsfssnasss » Energy Recovery Linac (ERL)

____________________________

« Compact circulator ring
"""""""""""""""" ’ to meet design challenges
Coollng section
+ Large RF power (up to 81 MW)
+ Long gun lifetime (average 1.5 A)

Fast kicker circulator ring Fast kicker
> 7\ b
energy recovery

Required technologies

« High bunch charge magnetized gun
« High curr. ERL (85 MeV, 15 t0150 mA

e-bunches circulates 10+ turns » Ultra fast kicker
=» reduction of current from an

injector SRF Linac dump

ERL by a same factor recirculation/decompressi
1 . o - dump
- .- | CCR :
Optimization: j L ™ o :_.-‘%echirper.-. )‘
Put it at center of the Figure- ] s::n:ii exchanges | ERL
8 ring, for eliminating the — e .
long return path doubles the > - @rechirper - % e ctor
cooling rate R I N\
NS C. Tennant, 7 -

recovery/recompression

D. Douglas, JLab 3
Y. Zhang, IMP Seminar Jefferson Lab



In the years to come, GSI will evolve
to an international structure named
FAIR for Facility for Antiproton and lon
Research. The first beam was
expected by 2013, but this is not

‘* realistic anymore. Among the
improvements, two new synchrotrons
ki (with respective magnetic rigidity 100
el and 300 Tm), a Super-FRS and
several new rings among which one
that can be used for antimatter
research.

UNILAC

Plasma Physics

Atomic Physics

The FAIR complex

The GSI Helmholtz Centre

The chief tool is the heavy ion accelerator facility for Heavy lon Research
consisting of UNILAC, the Universal Linear (German: GSI
Accelerator (energy of 2 - 11.4 MeV per nucleon), Helmholtzzentrum fiir
SIS 18, the heavy-ion synchrotron (0.010 - 2 Schwerionenforschung
GeV/u) and ESR, the experimental storage ring GmbH) is a federally and
(0.005 - 0.5 GeV/u) and ERS. The UNILAC was state co-funded heavy ion
commissioned in 1975, the SIS 18 and the ESR research center in the
were added in 1990 boosting the ion acceleration Wixhausen suburb of

from 10% of light speed to 90%. Darmstadt, Germany.



http://en.wikipedia.org/wiki/Particle_accelerator
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http://en.wikipedia.org/wiki/Facility_for_Antiproton_and_Ion_Research
http://en.wikipedia.org/wiki/Facility_for_Antiproton_and_Ion_Research

Cxema komnnekca NICA

Puc. 1. Cxema komiuiekca NICA: / — jinHeliHble yCKOPUTENIN; 2 — CYLIECTBYIOLIME 30aHUs: UHXKEKTOp,
OycTepHblil CUHXPOTPOH U HYKJIOTPOH; 3 — 9KCHEPUMEHTAIbHBIN KOPILYC JJIsl YCTAHOBOK Ha BbIBEIEHHbIX
nyukax; 4 — KoulbLia Koiutaiigepa; 5, 6 — perekrtopHele ycraHoBku MPD u SPD: 7 — BbICOKOBOJ/IbTHAs
CUCTEMA DIEKTNDOHHOIO OXITaXIIEHUYI



YekopuTtenbHblil KOMIUIEKC J0JIKeH o0ecleuuTh MOH-UOHHbBIE CTOJIKHOBEHUS (C BO3MOXK-
HOCTbK BbIOOpAd KHHETHMYECKOM SHEePIruM CTAIKMBAKLIMXCH IYYKOB B JManazoHe or 1 o
45 T9B/Hyki.), a Takxke HPOTOH-IIPOTOHHBIE CTOJIKHOBeHUS (B IQUAIIA30HE 3HEPIUM OT 5
a0 12,6 I'sB/Hyki1.) M CTOJIKHOBEHUE IYYKOB JEHUTPOHOB (B JHMalla3oHe 3Heprud or 2 0
5.8 ['sB/uyki.). B pesyiaprate peainzauuu 1npoekTta Oyuer 3HAYMTe/IbHO yBe/IMUeH [10TeHLHall
CYLLIECTBYIOLIEro KOMILIEKCA HYKJIOTPOH BO BCeX 00J1acTsAX ero UCC/Ied0BaTe/IbCKOM IPOrPaMMBbL:
B 9KCIIEPUMEHTAX C BbIBEIEHHBIM IIYYKOM Ha HENOABUAKHYI MULLEHb, d TAKXKE B 3KCIIEPUMEHTAX
C MOHHBIMU Iy4KaMH Ha BHyTpeHHell muweHu. [Lianupyercs takxke, uyto Oycrep Oyuer ocHa-
LIEH CUCTEMON MEJIEHHOI'O BbIBOJA Iy4Ka Ul IPOBEAEHHS LLMPOKOIO CIEKTPa NPUKJIAIHbBIX
UCClIeloBaHUil B 00s1aCTH MeAUUMHbIL, OMOJIOTMH, PaaualMOHHOIO Marepuaiiopelenud. Koii-
nainep OyleT uMeTh JIBe TOYKU BCTpeuH Iy4KoB. B neppoil Touke BcTpeuu OyleT yCTaHOBJIeH

s jocTukenus TpedyeMbIX apaMeTpoB Iy4KOB HEOOXOAMMO MCII0/Ib30BATH METOIbl OXJIa-
KIeHUd NydkoB v B Oycrtepe, u B Kouibuax kosutaigepa. B xome HUPuOKP nnanupyercs
UCIIBITAHUE IIPOTOTHUIIA CHCTEMBI CTOXACTHYECKOI'0 OXJIAXKAEHHUS BBICOKOMHTEHCHUBHBIX CIPYII-
[IUPOBAHHBIX [MYYKOB HA CUHXPOTPOHE HYKJIOTPOH IIPH DHEPIUIX M MHTEHCUBHOCTAX, COOTBET-
CTBYIOLLMX [1apaMeTpam KoJulanjepa.






Stochastic cooling crew!




e-cooling for low energy collider operation (A. Fedotov et al.)

Considering use of Fermilab Pelletron (used for pbar cooling at 8 GeV)
after Tevatron operation ends

Cooling into space charge limit
AQq. ~ 0.05 (new collider regime)

N
] with cooling
8l T
g |
@ | |
sml | Expect up to factor 5
<N A IR L )
5% % more integrated fuminosity
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Figure 4. Simmlation of luminosity with (blue line) and
without (black dots) electron cooling at y=2.7.
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RHIC - 3D stochastic cooling for heavy ions
longitudinal plckup
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M. Brennan, M. Blaskiewicz, F. Severino, Phys. Rev. Lett. 100 174803 (2008); PRST-AB, PAC, EPAC 33
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