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LEReC Project

The Goal of the LEReC project is (7 > RHIC iﬁ“

Circumference=3834m

to provide luminosity improvement for RHIC
operation at low energies to search for a
QCD critical point: Beam Energy Scan
Phase-Il physics program

LEReC is first RF linac-based electron
cooler (bunched beam cooling)

Required:

Building and commissioning of new

state of the art electron accelerator ;

O Produce electron beam with beam VMR Transport beamiine

quallty SUitable for COOIing | i \ Injection Section
(DC photocathode Gun,

LEReC inside RHIC tunnel at
Interaction Region @ 2 o’clock (IR2)

U RF acceleration and transport SRF Booster cavity)
maintaining required beam quality

O Achieve required beam parameters in
cooling sections

0 Commissioning of bunched beam
electron cooling

1 Commissioning of electron cooling in
a collider Beam instrumentation racks are located outside of the RHIC
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Original plan: LEReC to provide cooling at KE=1.5-5 MeV*

And reuse components from BNL ERL

Phase | (NO ERL):
Provide 1.6-2.6 MeV
beam:

DC Gun and 2MeV SRF
booster and RF correction

Phase Il (ERL):
Provide upto 5 MeV
beam:

DC Gun, 2 MeV SRF
booster, RF correction

and additional cavity in
ERL mode

Abandoned due to limited
time, additional
components and not so
obvious benefits for RHIC
physics program at this
energy

- *) J. Kewisch et al., “
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ERL for low energy electron cooling at RHIC (LEReC)”, ERL2015, Stony Brook, USA, 2015
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LEReC Accelerator Layout

(100 meters of beamlines with the DC Gun, high-power fiber laser, 5 RF
systems, including one SRF, many magnets and beam instrumentation)

704 MHz

704 MHz SRF Cathode

Cu Deflector Cavity Booster loading

RF Diagnostic Transp_o "t o Cavity system

Beamline Merger Beamline Injection
Beamline beam dump 2.1 GHz
’ 704 MHz 9 MHz Cu Cavity
Cu Cavity Cu Cavity
COOLING
in Yellow RHIC ring

I LF solenoid i Quad corrector # BPM24ID
Bli(()ioln Extraction High-Power I HF solenoid - Trim corrector J@H BPM 4.8 ID
Magnetg beam line geam L. Transport solenoid ® corrector3sip  * Bellows
S L ERL solenoid ' Corrector 6.0 ID % lon pump
* NOT to scale \ /
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LEReC electron beam parameters

D. Kayran et al., “Commissioning of the electron accelerator LEReC for bunched beam cooling”, NAPAC2019, Lancing, MI, 2019.

Electron beam base parameters for cooling Measured

Kinetic energy, MeV 1.6 2 2.6 1.6, 2.0
Pulse duration at the cathode, psec 40 40 40 40
Bunch duration in cool. sect, psec 400 400 20 400
Electron bunch (704MHz) charge, pC 130 170 200 50-200
Bunches per macrobunch (9 MHz) 30 30 24-30 30
Charge in macrobunch, nC 4 5 5-6 1-6
RMS normalized emittance, um <25 <25 <25 1.6-2
Average current, mA 36 47 45-55 14-30
RMS energy spread < 5e-4 < 5e-4 < 5e-4 <2e-4

RMS angular spread in cooling section <150 urad <150 urad <150urad 100-200 urad

*) not at the same time
Commissioned
during 2019 RUN BROOKHIAEN
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Bunched beam electron cooling for LEReC
Approach:

Produce electron bunches suitable for cooling by illuminating a
multi-alkali photocathode inside the Gun with green light using high-
poweal)aser (high-brightness in 3D: both emittance and energy
spread).

* The 704 MHz fiber laser produces required modulations to overlap
ion bunches at 9 MHz frequency with laser pulse temporal profile
shaping using crystal stacking.

* Accelerate such bunches with RF and use RF %/mnast_ics (several
RF cavities) to achieve energy spread required for cooling.

 Deliver and maintain beam quality in both cooling sections.

 Electron bunch overlaps only small portion of ion bunch. All
amplitudes are being cooled as a result of synchrotron oscillations.
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N_ion=6e8

lons structure:

120 bunches

f rep=120x75.8347 kHz=9.1 MHz
N_ion=6e8, | peak=0.25 A

Electron bunches:
f SRF=703.5 MHz
Q_e=75pC, | peak

Rms length=12 nsec FWHM=400 psec

9 MHz bunch structure

0.3

Elect

Lon
with|

ron M

J ion
OMK

acro-bunch

bunches
7 RF

Y

~0.18 A R

\

0.2

eeeeeeeeeeeeeeeee

30 electron
bunches per ion
bunch

AT

-200 -100 0 100 200

D. Kayran

-20

0 20 40 60
time, nsec

BROOKHFAEN

NATIONAL LABORATORY

ERL'19 Sept 15-20, 2019 8



LEReC Critical Technical Systems

1. DC photocathode electron gun and HV PS

2. High-power fiber laser system and transport

3. Cathode production deposition and delivery systems
4. SRF Booster cavity

5.2.1 GHZ and 704 MHz warm RF cavities
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Photocathode production (in instrumentation building)
* In order to reduce down time due to cathode exchange we built three 12-

cathodes transport systems On center 12mm active area
« It require one long access (1 shift) to swap systems and short access for Used 2017+-18 commissioning
replacing cathode (1 hour)

Cathode transfer camera
can hold up to 12 cathodes

Off center 6mm active area
Used end of 2018 and
during 2019

cathode transfer & = -~
B y

chamber . 3 : > alkali depo

; chamber

pre-heating
chamber

L ~ I8

:;"é:_;?/

vl

More about LEReC photocathodes, talk by Mengjia Gaowei “Cathode performance for high current operation
in LEReC” on Wednesday WECOXBS02
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Laser: Temporal Shaping and Intensity Control

During 15t year of operation laser spot profile at the cathode was strongly dependent on
average laser power due to thermal lensing effect
After reduce numbers of crystal

from 5 to 4 and replace the .

Intensity Control +
longest crystal to the Interferometer
interferometer Lense for Pulse Mode

_ FWHM:QK Therm. Lens.
Experiments show Thermal lens Compensation
is fully compensated and m m
independent of Intensity ContrgF = ==
settings

YVO4 Crystals

Compensation stage setting fixed

for given laser mode (CW an g
pulsed/76kHz) =

To control laser spot

size

Filter wheel with set of

irises

|s installed at the gun

table 1:1 image of iris

to the cathode
ESNAEﬁGY BROOKHFAEN
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BNL DC gun performance during HV conditioning at Cornell

— — — —— | ] — S i | sl sl | TS sl

Designed, built and 1st time
conditioned at Cornell

Universit

More about LEReC Gun performance see poster by Xlaofeng Gu Expenence With LEReC High Current
DC Gun” on Wednesday WEPNEC22
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Longitudinal gymnastic

RF Diagnostic
Beamline

704 MHz Transverse

COOLING
in Yellow BHIC ring

T o=@ -

Bt N R -
e

Deflecting Cavity

Energy spread due Gaussian beam

to longitudinal c E  reNg Lcool

Space charge =
E 2 3 2
RMS length requirements Y 0z
forgamma 4.1: >3 cm

704 MHz
Cu Cavity

w Ww el el e
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T

100keV :

: 20KeV:

T00°KeV ™7

3 harmonic exit

100 psec

9 MHz 2.1 GHz
Cu Clavity Cu Cavity
e g O Yy ) DR

N
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s
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704 MHz SRF
Booster Cavity

longitudinal phase space simulation

SRF booster exit

100 ke

100 psec

......

« 2.1 GHz Cu Cavity = RF Curvature Correction

« 704 MHz Cu Cavity =Removal of Energy Chirp
* 9 MHz Cu Cavity = Macrobunch Linear Transient Beam Loading Compensation
« 704 MHz Transverse Deflecting Cavity =Longitudinal Phase Space, Vertical Deflection to Provide Head to

Tail Streak

*) J. Kewisch et al., “Beam optics for the RHIC low energy electron cooler (LEReC)”, NAPAC2016, Chicago, IL, 2016
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Ramp up from pulsed operation to high current

« At nominal charge setup RF and beam optics using beam in pulsed mode
with few macro bunches to achieve required beam quality and beam
transport efficiency.

« Check if no significant changes in beam quality for lower charge per bunch,
then increase average current.

Our original plan was to keep charge per bunch constant and increase numbers
of macro bunches to reach required beam current:

The big advantage of this approach no need for optics adjustment.

Due to DC gun beam loading and slow voltage PS regulation loop response strong
loss were observed in non zero dispersion section (next slide).

Resulting of changing approach during commissioning for CW operation:
Reduce laser intensity to minimum
Switch laser mode to CW (9 MHz)
Slow increase laser power until required current is reached

Magnets adjustment as necessary by monitoring beam position, beam losses,
beam line vacuum and temperature

C :l“.‘ EAED OYF BnonK“n"E"
NV
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Beam loading effect observed at HP Beam Dump
FCT

Green Laser 4 MBs structuremYellow GUN FCTamCyan HP beam dump FCT

Setup Scope Diagnostics \
Scope: LEReC_Inst Ch 1: Gun F(\T [R50] Ch 2: Laser Pulse Train (9MHz) PHD [R50] Ch\% Extr. FCT [R50] Ch 4: Laser Gate (1Hz) PHD [R50] \ \

Teledyne LeCroy WR610Zi

File™ Vertical Timebase Trigger Clisplay Cursors Measure Math Analysis  Utilities Help

P5:pkpk(C3)
289 mV
31.686 mV
27mV

495 mV 37.8 mv
53.93 mV 4275 mV
74 74

v

P4:pkpk(C1)
472 mV
47313 mV
14 mvV

P1:area(C1) P2:pkpk(C2) P3:area(C3)
-194.108 pWb 118 mV 199.8734 pWb
6.9 pWb 117.454 mV 396.5 pWb
-1.678603 nWb 115 mV -743.2205 pWb
984.133 pWb 121 mv 994.7780 pWb
532.8 pWb 1.303 mV 354.6 pWb

74 74
v v v

FPRPR | S

Charge per bunch 100pC

30 bunches per Macro Bunch
T ¥ TR - . o il

20kS  10GS/s

992 nsfTri
200nsldiv‘Nmm AOOmV‘
Edge Positive

Due to beam loading effect to RF cavities later bunches get less acceleration and
some particles have been lost most likely in the merger section with largest

dispersion
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Beam quality measurements
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RF diagnostic line for RF system fine tuning

RMS envelopes i in RF dlagnostlc line

Vertical Deflecting 20De9  golenoid
Cavity Bend ToRF eBeam T T T T T T
(704MHz) ‘ l diagnostic line directio
1 0005 ]

0.004

YAG Screen
2] o 0003
'&\ ‘

& \‘
DUHP/FC <

APV Merger to RHIC coollng
" | section

First Dogleg %
Merger Dipol¢ 0002

| 700 MHz

—
@ 2
" | ¥ /«"'{
A Solenoid, (gud, Di
C \—r“—l L . I ! [
38 40 4° 44 46

Path length [m]

If first dogleg merger dipole 1s turned off the electron beam 1is
transported to the RF diagnostic line to measure longitudinal phase
space profiles.

* 20 degrees dipole to generate a dispersion of 800 mm,

* solenoid provides small beta function at the YAG screen
location,

704 MHz deflecting cavity to provide vertical time-dependent
kicks.

e Then we adjust phase and voltage of 9MHz cavity to
compensate bunc2bunch RF cavity beam loading effect Beam profile at

RF diagnostic
D. Kayran ERL19 Sept 15-20,2019  line YAG




Longitudinal phase space measurement in RF diagnostic line

Vertical Deflecting 20Deg  golenoid
Cavity Bend

(704MHz)

ToRF
diagnostic line

eBeam
direction

YAG Screen
‘%\ *L ‘ @
DUHP FC ‘3‘* / A\l First Dogleg
“3( Merger to RHIC cooling L3 Merger Dipole

et

Measurements at RF diagnostic YAG profile monitor
for a bunch charge of 100 pC, FWHM of 400 psec.
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e

°

3
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dplp (x

120

-200 -100 [] 100 200 -200 -100

T (ps) @J

Longitudinal profile =~ RMS sliced energy spread
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1 macrobunch, 3 nC

Horizontal ROl Means E2RNE S
Fitted pos:1.357 mm, sigma:0.16 mm
1 2 3 4 S 6

o,=0.16mm

o./E< c,/Dx =2e-4
=400-eV....

1 2 3 4 S 6

Position (mm)

6 macrobunches, 3 nC each

Horizontal ROl Means g8l x|
Final fit is disabled
1 2 3 B S 6

2000

1000

Average intensity

AE=2keV

1 2 3 ) B G

Position (mm)

In pulsed mode due to beam loading effect
followed bunches have lower energy

Later we used this MB2MB energy
difference as an energy probe for study
simultaneously cooling performance at

different energy BROOKHFIVEN

NATIONAL LABORATORY
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Transverse beam quality measurements

Due to low beam energy, beam dynamics in LEReC is dominated by space-
charge effects. The transverse electron beam emittance in the injection line was
characterized with a multi-slit system.

\ Cross check with

|
C - Solenoid scan
Multi slits emittance measurements geometr.
820 28 um Energy Scan | Emittance Scan
' Toolset 1 Injection: Sol 4/ Yag 2 v
20:35:01: Vertical [sla]x] Beam Kinetic Energy (MeV) 16
Ver.EIrnit: 0.282 mm*rgr?td PeakStep[7]: 2.3 +- 0.096mm. Solenoid Scan Settings (A) Start> 3.3 End> 5.2 Step> 0.1
For slitStep 1.34mm, drift 2.00m. Twiss: -5.184, 14.087, 1.979.
0 100 200 300 400 JE—
Results Be(arr"nms)ize Em(i;tr:;\ce B(?r:)a Alpha
26 Horizontal 1.1 +/- 0.003 0.277 +/- 0.001 4.354 +/- 0.018 -4.776 +/- 0.02
Vertical 1.08 +/- 0.002 0.261 +/- 0.001 4.487 +/- 0.015 -4.979 +/-0.017
T 24 Solenoid scan
3
(] 8
2 2 o geometr.
S £
= 20 & o 150
2 =0.29 um
2 18 ¥ £ g2 ®Vert
3 : g 1.00
£ 16
14 \
0.50
325 3.50 3.75 4.00 425 450 4.75 5.00 5.25
0 2 4 6 8 10 12 14 16 18 20 22 24 2 SAEERCTRREEY
Y[mm] 08:18:24 - 10 readings taken.

1 2 08:18:24 - Sleeping for 1 se tltygpdt
pt = 3 08:18:25 - New da

081825 S ed e




Transverse beam quality in cooling sections without ions
e

RF Diagnostic Beamli

\

COOLING
in Yellow RHIC ring

180°
Bending
Magnet

Movable slits +
downstream
beam profile
monitors are
installed at the
beginning of each
of cooling section

Tungsten mask
with H & V slits

<,
~
“Noe
~

Cut-away model of
the emittance slit
scanner and cut-
away view of the
chamber

“§ U.S. DEPARTMENT OF
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Yellow VScan 0A4/26/19 00:24:26, intens

704 MHz Cu

Deflector Cavity 704 MHz

Cu Cavity

‘ Merger
‘ Beamline

Extraction beam

YELLOW

5.075e+06

Transport 9 MH:
Beamline ¢y cav

High-Power Beam

pump BLUE

Vertcal IAMS emittance: 0.33. Twss: -0.416, 3¢ B h h g 5 pC 0.393. Twiss: -1.46, 19, 0.164
Threshold: 20.0, Uit 4.3 deg. corrected unC C ar e 7 deg. comected
10 -8 -6 -4 -2 o 2 a 3 8 10 -5 - 2 0 2 3 2 Fl
3l
> 1]
: 3
£ £ of ————
> 2
3 g
< <
24
— — ) 3l =
£=0.33u,6=3.1mMm, ¢’=0.11mrad £=0.39u.6= 2.7mm. o’=0.25mrad
4
. 8 1 2 [ 2 1 £ 3
n Sk Position [mm) Al Skt Position [mm)

Yellow MScan 0A26/19 00:2%:14, Intens: 4.943e+06 v el x |SEEN  HSCan OW2G/19 96127151, | X 7 BN e el X
Horzortal 1AMS emittance: 0.409. Twiss: 0.659, 36.9, 0.0388 Horzonkal IRMS emittance: 0.293. Twss: -3.81. 42.6. 0.364
Threshold: 20.0. tit 94.9 deg. cormected Threshold: 35.3, tit 94.7 deg. corrected

8 s a 2 ) 2 K] 6 8 10 3 - 4 2 o 2 4 6 3
T S
B E °
ry .
A = -1
g P
< - 2
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High current operation
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Typical run of 30 mA with large cathode and laser on the
center (July 23, 2018)

LEReC/Instrumentation/DCCT/lerecDCCT.logreq 07/23/2018 16:26 - 07/23 17:53

File Window Markers Analysis |
Gun HYPS Commands :
500 3 gun trips
.
| —
-

400
— A
2 I + 4
@ 300
5
=)
> 200
=
=]
(G

100

0
16:30 16:40 16:50 17:00 17:10 17:20 17:30 17:40 17:50
hvps, lerecivoltaget (D)
LEReC DCCT
<
E 20
z
g 1 /
3 10 rf
0 UL
16:30 16:40 16:50 17:00 17:10 17:20 17:30 17:40 17:50
Time { Start Fill = 22222)
lecsl-inj.xf3 (D)

{(G’ENERGY

m—
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Cathode image after several Gun trips at CW 30mA July 24,2018

Cathode image camera LED lamp induced electron beam image at

(large cathode active area, diameter beam profile monitor YAG (one shot QE map)
12mm) E-beam is rotated by Gun Solenoid and flipped

due to YAG profile camera oriantation

. "Camera
8 ." artefact |

YAG image is flipped, solenoid I=7A rotates image 69 deg

No QE at the center of damaged spots and higher QE around the damaged spots

More about LEReC photocathodes, talk by Mengjia Gaowei “Cathode performance for high current operation
in LEReC” on Wednesday WECOXBS02



NO single Gun trips with small off center active cathode
durlng 30 mA CW operation ( Sept 14-15)

LEReC/Instrumentation/DCCT/lerecDCCT.logreq

File Window Markers Analysis

09/14/2018 10:01 - 09/15 04:14

Gun HYPS Commands

~ 355 l '

-

=

o

=4

g 350 1 1

>

=

=]
[

395
12:00 15:00 18:00 21:00 00:00 03:00
lecsl-qun,hvpstvoltageS (D) hvps, lerecivoltaged (D)
LEReC DCCT
30 - i - Pbintrannti

<

E 20

"

=

o

t F

3 10 )

0 [
12:00 15:00 18:00 21:00 00:00 03:00

Time (Start Fill = 22222}
lecsl-ing,xf3 (D)
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Beam Intensity Stabilization

Successfull implementation and commissioning of Laser and e-Beam based Intensity
feedback

20 mA average current to HP Intensity feed back off Intensity feed back ON

beam dump _ o ) ~
| J ) L sA '
g ] | E £ fo. I I I ! ! I I I I
i | r | ‘ U|92 E
I | - D 9
: | p2p<0.1%
Y "R | | ————
I . ' . e 'I;.OO 15:1‘5&0 15:2;!#0 IS;Z‘S:OO ISZ;:OO I5:;:00 154004 9.4
2 stages stabilization:
1. Fast feed back to reduce noise level
2. slow to compensate cathode QE changes
.S. DEPARTMENT OF BnnnK“A"E"
NATIONAL LABORATORY
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High current 9MHz CW operation to injection beam dump

Run 2018: stable 30 mA beams to the injection beam dump using reduced SRF booster
voltage. ~

Testing using Injection beam dump

Large cathode

30 mA beam current, T =87 h, QE > 4% Cathode QE
: Cathode Life Timo (Lower len) 30mA

48
=86.7+4 7 Hours *  QE Measurement 4.0
w— Exponential Fit
i# Fiting eerr *
® 38 ; |
w
G 3 )
O
£
©
Q . ’ o .
cathode QE slightly recovery during 30 mA operation|. .
34 N (=) J J O T
.
381 Fit model:f(x) = a ®* 1 3.2 4
a=4273(4.267 4.278) 19:00 20:00 21:00 22:00 23:00 00:00 01:00 02:00 03:00
b= 115410 (1214 - 1095)102
36 - - - . ! —e— (E[2]
0o 05 1 15 2 25 3 35 4 45
T Riouce] Beam current and laser power
25 mA beam current, t = 142 h, QE > 4% o= Py , N,
30 2.0
_ LEReC Cathode Life Time :r ]
x = 142.:3 Hours i} T el M
< £
£ 15 £
£ 20 4
g 5
£
=
8 1.0 K
E e
g 10 1 : - 1 -t @
& With intensity feedback turned on 05 3
: et T £ 2 J J
4 | Fit model:f(x) = a e e v i | 0 n = 0.0
a8 =4.576 (4.573 4.578) = 17:00 18:00 19:00 20:00 21:00 22:00 23:00 00:00 01:00 02:00 03:00
b=-70‘42'|01(-7 16-6?24;-|o‘ .
0 1 2 3 4 5 6 7 8 DCCT_BOsec (Y1) LaserPower:2 (¥2)

T [Hours)
-



CW operation impact to High Power Beam Dump (2018)

During the summer of 2018, we experienced some difficulties to operate at high current in the final high-
power beam dump due to worsening beamline vacuum resulting from beam-induced thermal cycling of the
flange in front of the dump. After opening the high-power beam dump at the end of the run 2018 we
observed overheating marks at the entrance flange and at the cone tip of the high-power beam dump

~vacuum increased
~then recovered

TE-104 et

1E1 : : : : :
12:30 13:00 13:30 14:00 14:30 15:00 15:30 16:00 16:30

Time

—— lerec-extraction-ig —— lerec-dump-ig —— lerec-extraction-t te e
yol-co-pud,1ipressureifivalue  ——— bil-cc-pud.lipressurelfivalue  ——— bil-te-pu3.1ipressurelf —_

since last update.
Done updating plot 1.

spreading.

o [
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Beam dump line improvements:

« The beam dump flange has been replaced to larger aperture one

« Quadrupole is replaced by strong field solenoid to provide more
uniform spreading in both direction

Particles trajectory spreader by over focusing solenoid in beam dump line

20 X VS dl?tance ] l | | |
10— « . Jd0cm. . . . . 10cm o
. .o i‘
(j)*. Ly BN Uﬁ! 1] | | !_ig!_. |
i i I I
_10_
ot 1 A | | | |
9200 9300 AM00 9500 9600 9700 [ 9B0D
5 £
S O
A (o)}
~ <t
o P~
2 (e)]
= ®
2 = BROOKHFEVEN

NATIONAL LABORATORY




Beam Dump Inspections
2018: Opened Dump Aperture, added high field solenoid magnet.

. \/ A ',//,‘ - ‘
Beam Dump Inspections:

« 2018 HP Dump

Figure 4: Heat Flux

2019 HP Dump
Beam dump marks as a result of a
high power beam operation during
the 2018 run. Beam current 20 mA,
kinetic energy 1.6 MeV: end of the
cone.
No new marks have been
developed after operation of 20-25
mA average current at energy 1.6-2
MeV during the 2019 run.

U.S. DEPARTMENT OF
&FNERGY NATIONAL LABORATORY



High current 9MHz CW operation full LEReC

operation to the final high-power beam dump at the end of run 2019 with

average beam current up to 18 mA and kinetic ener

At the top plot, vacuum in
the extraction line and
near the beam dump,

at the middle plot beam
dump entrance flange

1E-7

Beam dum gne vacuum

y 2 MeV.

different sides

temperatures,

at the bottom plot beam
current measured by
DCCT.

15:00 18:00 21:00 00:00 :
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Intensity feedback was turned on at 01:00 am then beam fast intensity fluctuation has
. been reduced from 5x10 to 5x10* peak-to-peak.



Cooling of ions at RHIC
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LEReC: First observation of electron cooling using
bunched electron beam (April 5, 2019)

Spring of 2019, a new RF timing system, including a 76 kHz mode of operation, was commissioned.
The 76 kHz corresponds to the RHIC revolution frequency at gamma of 4.1.

Cooling commissioning started with the 76 kHz mode of operation, which reduces average beam current
and average power by a factor of 120, while providing beam quality and interaction frequency sufficient to
cool one ion bunch in each of the RHIC rings
*) A. Fedotov et al., “First electron cooling of hadron beams using a bunched electron beam”, NAPAC 2019, Lansing, Ml 2019

lon bunch #4 which is not being cooled

* _ lon bunch #2 is being cooled

=/ Bunch length time evolution
= for two Au ion bunches in RHIC

| : Longitudinal profiles
i ' _ / - of six ion bunches

22 ’

15:15:00 15:16:00 15:17:00 15:18:00 15:19:00 15:20:00 15:21:00

Energy of electrons and ions matched

*) S. Seletskiy et al., “Precise beam energy matching for the
experimental demonstration of ion cooling with a bunched electron
beam.” NAPAC 2019, Lansing, Ml 2019
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CW operation at 14 mA and simultaneous cooling in Yellow and Blue RHIC
rings, 6 bunches in each .
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Long Term Energy Stablllty in Coollng Section

Based on 3 BPMs system (2 upstream and
1 downstream of mirror magnet)
and field of 180 degrees magnet
measurements Hhpm?2

bpm3
*) S. Seletskiy et al., “Absolute Energy Measurement of
LEReC Electron Beam”, NAPAC16, Chicago, USA, 2016

Overnight 9 hours physics stores with one
bunch per ring cooled.
Due to temperature changing in the

morning LEReC energy is changed then -
the longitudinal cooling is slightly/ .

weaker.
Energy slow feedback could help with
this. Plan to commissioning for run 2020.
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17550 new point(s) successfully added to dataset
Done updating plot 4.




LEReC timeline

May 2015:
December 2016:
February 2017:
April-Aug., 2017:
July-Dec., 2017:
Jan.-Feb., 2018:

March-Sept. 2018:

Sept 2018:
Oct.-Dec., 2018:
Jan.-Feb., 2019:
March 2019:

Apr 2019:
May 2019:
June 2019:
July 2019:

_h

LEReC project approved by DOE for construction

DC gun installed and successfully conditioned in RHIC tunnel

Gun Test beamline installed in RHIC

First Gun tests with beam

Installation of full LEReC accelerator

Systems commissioning (RF, SRF, Cryogenics, Instrumentation, Controls, etc.)
Commissioning of full LEReC accelerator with e-beam

Achieved e-beam quality suitable for cooling

Scheduled upgrades and modifications (NO beam testing)

Restart operation with electron beam.

Start commissioning with Au ion beams.

Matched RHIC/LEReC beams energies and trajectories in cooling sections
First cooling in one ring then in both RHIC rings using 76 kHz bunch
Simultaneous cooling of many ion bunches using 9MHz CW e-beam

Cooling optimization at 1.6MeV, cooling of beams in collisions (3.85GeV/n ions)
Cooling commissioned at higher electron energy of 2MeV (4.6GeV/n ions)
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Summary and Plans

LEReC is the first electron cooler based on the RF acceleration of electron
beam.

 LEReC demonstrated beam parameters required for cooling of ions

« Beam quality suitable for cooling is preserved through acceleration and
100 m of beam line in pulsed and CW modes of operation

* [t allowed to cool lon bunches in both RHIC rings simultaneously using the
same LEReC beam at two different energies (gamma 4 and 5)

The next step, optimize LEReC cooling efficiency and effects on ion beam
lifetime to maximize collision rates during the next RHIC low-energy run in
2020.

With a bunched beam electron cooling technique now experimentally
demonstrated, its application to high-energy cooling can open new
possibilities by producing high-quality hadron beams
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