Report from experiments: Au’’* in RHIC

Dejan Trbojevic

Introduction
— Remainder: injection of Au’®* in RHIC and Au’’* extraction in AGS.

— Area of interest: IBS or beam gas interactions could be possible
cooling mechanismes, interest for collisions between not-fully
stripped ions in RHIC ?, acceleration of not fully stripped heavy
ions?, ...

 Few introductory remarks:

— Basics of the intra-beam scattering.

— The Barat-Fano-Lichten theory of electron promotion during ion
collisions. Heavy-ion collisions, electron promotion, quasi-molecular
orbital.

 Previous proposals: Prof. Kurt Kilian-Julich, M.W. Krasny-
University et Marie Curie-Paris, ...

o Detalls of the experiment proposal and participants.
e Possible future developments.
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Introduction: Present situation for gold run
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Introduction:

- Au’’* extraction in AGS, stripping @ U-line F2 flag, ATR line
tuned for Au”®* and injection of in RHIC.
The rest mass of fully stripped gold m,,c? =183.4333180 GeV
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— if we fix the Bp in RHIC and ATR (AGS to RHIC transfer line) only the U —
line part of
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Phase space cooling by inelastic scattering

KK ECOOL 984 in Karlsruhe DP(r 3/56 in Heidelberg
ECCOL 5/ in Padua (Proceedings B Calabrese + L. Tecchin)

Intra beam scattering of partially ionized ions
lonization. charge ransfer. elastie, inelastic
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Idea: = inclastic & photon emission gives cooling

* Intra beam scattering can excite electron shells without charge changes

-
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(without beam loss)

Subsequent photon emission reduces finally the relative energy
(— heam temperature)

Relative movement of ions in beam is damped

Avoid processes which change charges !
Ecollision = &

ensure high enough collision energy €.

E’t‘ el < ﬂi‘l ilisinn

My special interest is here:
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Symmetric intra beam collisions
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M.W. Krasny

LPNHE, University Pierre et Marie
Curie, Paris

, COMPETITION TO eRHIC? : Initial idea: provide
parasitic electron beam at hadronic colliders.

,  Leave one (or two) K-shell electrons and try to store

partially stripped ions in the storage rings — get a parasitic
ep (eA) collider

( e.d. s c(ep)= 200 GeV)

» Embark on dedicated studies - vrzlimninary rzsulis = hey nezd fo
ez confirmed by accelerator physicisis! and resisl

APEX workshop 2007 Dejan Trbojevic, November 2, 2005



Basics of the intra-beam scattering

Intrabeam scattering or multiple scattering is a
Coulomb scattering within a bunch. Due to dispersion a

| A
change of energy always causes a change in the : | .'
betatron amplitude — coupling between the transverse ® !
and longitudinal motion. ® . ; o -
? |
9
| Y
before and after closest encounter

FIGURE 1. Sketeh of the mechanism of dynnmic
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The Barat-Fano-Lichten ELECTRON-PROMOTION theory
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Ay
Hﬁ ! The extent of the ionization observed and,
O, o Ogen . TXOue more specifically, the rapid decrease of the
low-Q* peak as 7, enters the critical range,
show that the level crossing leads with high
probability to the “promotion” of electrons to
outer shells, as the nuclei approach. It will
be shown in a detailed paper that numerous
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150-350 keV ARGON AND NEON INDUCED X-RAY EMISSION FROM A Mo TARGET *

Dejan TRBOJEVIC
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D. Trbojevic et al. / X-ray emission from a Mo rarget
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Fig. 1. The molybdenum L X-ray lines induced by Ar* ion bombardment with energies of 250 {curve A) and 200 keV (curve B)

normalized to the ion fluences.
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K-X-RAY SPECTRUM OF THE Pb + Pb QUASIMOLECULES*
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Institiet fur Theorensche Physik der Johann Wolfgang Goethe-Universitat, Frankfurt am Mam, Germany
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We present ab initio calculations of the quasimolecular K-X-ray spectrum from the Pb + Pb system, where both
the K-hole amphitude and the radiation amplitude 1s calculated 1n first order perturbation theory A comparison with
the background radration hke NNB, SEB and y-decay of excited nucler shows that the molecular X-rays should be
measurable up to X-ray encigies currespunding (o the charactenstic K-line of the umted superheavy atom
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Fig 1 (a) The correlation diagram for Pb—Pb (b) The dipole
matrix elements in the long wavelength approximation

My preliminary MO diagram
for the Au’’* on Au’’*

United atoms
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Z=154

3D 3/2 159072 KeV
3P 3/2 172122 KeV

35172 38.9416 KeV
3P 172 457891 KeV

2P 32 56.6064 KeV

218172 1422232 KeV

2P 1/2 193.0329 KeV

1S 172 5688239 KeV

77+ i1+
Au - An

2P 3/2 11.927 Ee¥
2P 1/2  13.740 KeV
25172 14392 KeV

15 1/2 80863 KeV
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Fig 2 The MO-spectrum and the NNB background at two pro- X i i i
Jectile energies The solid hines correspond to 1000 MeV and Fig 3 The contributions of the various transitions in depen-
the dashed lines to 900 MeV (lab energy) The arrows indicate dence of the photon energy at zero 1mpact parameter and
the K transition energy at closest approach 900 MeV bombarding energy

APEX workshop 2007 Dejan Trbojevic, November 2, 2005



Collisions of the Helium like Gold ions with Al target

Experimental set-up Two photon decay
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Fig. 2. Experimental setup at the target area.

Fig. 1. Level scheme of heliumlike gold including important
decay modes. All energies in keV.
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e Detaills of the experiment proposal and participants

1. The first stage: just inject and study Au’’* in RHIC
- Measure the emittance by IPM
- Change the RF conditions
- Different intensities
2. Participants or people who have shown interest:
Leif Ahrens, Waldo MacKay, Woody Glenn, George Parzen,
Mike Blaskiewicz, Mike Brennan, Christoph Montag, Mei Bal,
Peter Thieberger, Nick Tsoupas, Steven Tepikian, Roger Connolly

e Future developments:

If there is any emittance reduction without the beam loss:

-Install the X-ray detectors to catch the electron de-excitation.
-Accelerate Au’’*

APEX workshop 2007 Dejan Trbojevic, November 2, 2005
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Experiments with Au*’’ on May 8 and May 23, 2007

Participants:
Leif Ahrens, Waldo MacKay, Nick Tsoupas, Steven Tepikian,
Kip Gardner, Kevin Smith, Tom Hayes, Nick Tsoupas

-Leif Ahrens — adjusted parameters in the AGS (magnet field-
-radius, extraction ..)

- Nick Tsoupas — Adjusted the ATR and extraction

- Steven Tepikian — Worked with the RHIC IPM.

- Kevin Smith, Tom Hayes, Bart Adjusted the RF voltage parameters.
- Waldo MacKay was login the experiments results, vacuum, RF

voltages, etc.

This was highly organized and perfectly prepared crew,
executing the commands within the minute. The beam
Au “’*was available in RHIC in 15 minutes!!!

APEX workshop 2007 Dejan Trbojevic, November 2, 2005 14



Gold with two electrons successfully stored in RHIC
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Emittances vs. RF voltage
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May 8 — the first attempt
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Two beam with different frequencies running at the same
time blue Au’’* and ‘yellow’ Au’*

Al

To use:
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Vacuum pressure after Au*’’ injection
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Loncutudlnal emittance growth Au’’* bunch by bunch
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Gold ions Au*’/’vs. RF voltage

APEX workshop 2007
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Smaller initial emittance with larger voltage?

With the higher RF voltage — denser bunches -
the vertical emittance growth was observed, but
smaller growth in the horizontal emittance.

‘ 2*250 kV=500 kV

APEX workshop 2007 Dejan Trbojevic, November 2, 2005 23



May 23, ion beam current Au*’’ vs. RF voltage

250 F

2001

1501

100+

501

L]

0hylh 0B:20 00325 05330 05135 05r40 0545 0G50 0biBh OB:00 O0B:05  OB:10 06315 OBr20 OB;25  O0Bi30 0B33hH 0640 06345 06RO

vectorzum, $a-rfb3, Arrauk'olt1M vectorzum, $a—rfb3, Arrauk'ol t2H

RHIC - DCCT total beam & WCHM bunched beam

120

100+

[u]
=]

[ay]
=]

.
=

Intensity [Au = 1079]

[ ]
=

A I S SN S N AN A - N NS N S NS SN N
0515 0520 0525 0530 05:3h 0b:40  05:4h5 0h:B0 05:EL OB:O0  0B:0n  0B:10 0615 020 0625 0B:30  0B:35  0B:40  0B:dh  OB:E0
Time (Start Fill = 8834)

—&— blulCCTtotal yelICCThotal ——  blubllCHbunched yelWCHbunched

APEX workshop 2007 Dejan Trbojevic, November 2, 2005



140

1204

a0

May 23, ion

beam current Au*’’ vs. RF voltage

1004

G0
404
201

{1

DE:27300  0B:27320 0627140 06:23:00 06323320

—&— vecto

OB$28:40  0B:23:00  0B:29:20  06:29340 06330300  06:30320  0B:30:40  0B:31:00 06331120

zum, 4a-rfb3  Afrawiol t1M —8— vectorsum,4a-rfb3,Arawvol t2M

1

Ll

114

{ the higher RF v

. The horizontal «

124

growth smaller

emittance —————
Is at

I, il ..
. B Kty i n
e L GRS M ‘ i =

th

! t Ry o . :
0B 27:00 UE:E?:EU‘QE?E?MU 0E:28:00  0B:2a:20

OB:28:40  0B:29:00  05:29:20 06:29:40  05:30:00  05:30:20  05:30:40  0B:31:00  0B:31:20
Time {Start Fill = 8834)

——&— FhiclpmManager.blue_koriz:inornEmitHivaluefndTimel, ]

APEX workshop 2007

Dejan Trbojevic, November 2, 2005

25



‘Contradictory’ results with and without higher RF voltage
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May 23, ion beam current Au*’’ vs. RF voltage - Details
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Summary from the two experiments:

Two experiments with injecting and storing gold ions
with two electrons were very successful.

- We have showed that gold ion beams could be stored at RHIC
Injection energy without any problem.
- The influence of the RF voltage on the Au*’’ stored beam:
- has clearly shown worse beam decay with higher voltage,
opposite to the expected ‘cooling’ effect.
- i1t is not absolutely clear if the horizontal emittance growth
was smaller with higher RF voltage.
- lon beam intensity dependence on possible cooling has not yet
been studied.
- A possible effect of the beam-gas interaction on cooling has not yet
been studied.

We need more studies to see if there is a cooling of the gold ions
Au*’7 with two electrons in the AGS.

APEX workshop 2007 Dejan Trbojevic, November 2, 2005 28



	Report from experiments: Au77+ in RHIC��Dejan Trbojevic
	Slide Number 2
	Introduction:�
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Experiments with Au+77 on May 8 and May 23, 2007
	Gold with two electrons successfully stored in RHIC
	Slide Number 16
	May 8 – the first attempt
	Two beam with different frequencies running at the same time blue Au77+ and ‘yellow’ Au79+
	Vacuum pressure after Au+77 injection
	Longitudinal emittance growth Au77+ bunch by bunch
	Gold ions Au+77 vs. RF voltage
	Slide Number 22
	Smaller initial emittance with larger voltage?
	May 23, ion beam current Au+77 vs. RF voltage
	May 23, ion beam current Au+77 vs. RF voltage
	‘Contradictory’ results with and without higher RF voltage
	May 23, ion beam current Au+77 vs. RF voltage - Details
	Summary from the two experiments:

