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LEReC Meetings

LEReC Beam Physics & Lattice
LEReC Cathodes: usually Fridays at 9 pm, C.J. Liaw, JT

LEReC DC Gun: Phone conference with Cornell usually Fridays,
bi-weekly C.J. Liaw

LEReC DC Gun to Booster Cavity: bi-weekly, S. Nayak
LEReC Diagnostic Beam Line: weekly, K. Smith

LEReC warm RF Cavities: Vendor phone conferences, Purchasing,
tuner and window design, A. Zaltsman

LEReC transport and cooling beam lines: bi-weekly, JT
LEReC beam diagnostics: weekly, T. Miller

Low Energy RHIC electron Cooling SROONHAVEN
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LEReC apertures

2.50 OD x 2.38 ID

Valves 2.44
- Commissioning 704 SRF
C-Omm|s-s|0r-]|ng Diagnostic Line 1 Booster
Diagnostic Line 2 704 MHz 9 MHz 2.1GHz cavity DC
Cu Cavity  Cu Cavity Cu Cavity e Gun
5.0 OD x 4.78 ID l l

375 OD X 362 ID ( LEReC Solenoids \
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180° 20° Beam .
Bending Bending Dump ll Matching (HF)
Magnet Magnets
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Cooling Section Installation

Install stands

Survey transport line location for magnetic
measurements.

Modify and install solenoids; Survey solenoids
Install beam tubes — weld flanges - underway
BPM’s assembled and leak checked

BPM'’s pre-surveyed

Leak check and install bellows
3 - BPM Brackets

\nd
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Cooling Section Installation W

A

e Beamline shielded bellows

 BPM mounting shops parts and hardware.

« Standard Profile Monitor (2) and Emittance Slit (1) vacuum chambers.

* (1 ea) Std. Profile Monitor and Emittance Slit vacuum chambers held for testing.
» Special RF vacuum gaskets, nuts, and bolts

 BPM modified RF gaskets

» Repair and leak check 200 vacuum chambers

» Bake-out blanket or heater tape.

° Low Energy RHIC electron Cooling S
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Installation Planing

Install yellow side beam line
6 LF solenoids and 2 HF solenoids measured and accepted.
e 7 BPM chambers/supports, 1 emittance slit chamber

e 200 Y chamber, 2 — HF solenoid chambers, long 180° temporary
chamber, bellows.

Install blue side beam line
e 8 LF solenoids measured and accepted |
e 7 BPM chambers/supports, 1 - emittance slit, 1 — Proflle Monltor

o 20°Y chamber, 180° temporary chamber, bellows

Low Energy RHIC electron Cooling SRR,



180° Dipole Magnet Neighborhood 2015

HIGH FIELD
e Temporary e SOLENOID LOWFIELD
Long Beam Tube SOLENOQID
Bellows Bellows
51.68 .
+ 4.13 BPM

YELLOW RHIC Beam l
L *”‘rr

Do not install LF solenoid, ES, and PM

\ . we BB . .(shift vacuum chamber to right). o
= — BLUE RHIC y
I - \ Beam /X
28 EMITTANCE PROFILE
Standard Temporary L 13.0 SLIT 93.2 MONITOR 434 - BPM
RHIC Beam Tube -119.19
Bellows

Yellow Side Need:

Temporary long beam line chamber, special solenoid/ES support stand, (RHIC
bellows)

Blue Side Need.:

Temporary beam line chamber, special solenoid/ES support stand, (RHIC
bellows) Remove Profile Monitor and Emittance SLIT Chambers



Installation Q3 Side

Yellow Side End:

emittance slit chamber, special solenoid chamber, 200 chamber, 200 stand,
special solenoid/slit support stand

Blue Side End:

Standard profile monitor chamber, 200 chamber, 200 stand, special
solenoid/PM support stand

Emittance
Slit Chamber

|- O

Profile Monitor ” =
Chamber



Cooling Section 2016 Installation

Standard Profile Monitor Assemblies (3)
(Hold 1 chamber for drive testing)

1800 Magnet Assembly

Magnet (magnetic measured)

Hybrid PM/ES/BPM Assemblies (2)

Vacuum chamber (measured)

Magnetic field monitoring (characterized)

Stand (non-moving)

Bellows assemblies

Emittance Slit Assemblies (3)
(Hold 1 chamber for drive testing) - == z& ¢

Magnet shielding test assembly |

.__\’

° Low Energy RHIC electron Cooling BROOKHIAVEN



12/15 Revised Transport Solenoid

Z [em] 1020X8teel
18.0— .
(1.27 thick) _
6ol-16.40 Parameters. o
14 15.13 Conductor: #5 square, solid wire
.89,
Total ampere turn:
o 2 X 7792.2 = 15,584.4 AT
10.0(— (plus some safety margin)
8.0 Center field B =647.3 Gauss
6.0— Integral Bz”2 = 1.081E7 G2-cm
(Req. 1.080E7 G2-cm)
40—
2.0/ (1.78 thick)
080 20 a0 ‘5.0 80 10.0 Pam —1s0 R (cm)

13
5.21 12.23 15.03



12/15 Revised Transport Solenoi

840 Turns, #5 square copper conductor.

18.6 A, 7.2V, 0.39 Ohms

Will use for both Merger and Transport
Solenoids

Magnets designed for 2.5 pipe.
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12/15 Revised Transport Solenoid
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2.1 GHz Cavity

» Cavity fabrication contract awarded
Windows ordered

Frequency change and tuner section redesign complete
ECN, revised drawings being checked
Aluminum test cavity prepared
Testing underway

Tuner design

Vacuum wave guide design




704 MHz Cavity

Cavity fabrication requisition prepared
Drawing revision for frequency change
Requisition approved — RFP preparation
Tuner design
Window design

Frequency 703.6 MHz
No. of cells 1

Rq, 5.0 MOhm
R/Qcc 178 Ohm
Cavity voltage 430 kV
Required RF power 37.0 kW
Installed RF power 50 kW

Low Energy RHIC electron Cooling Ngl.g?ﬂﬁﬁ,}:%
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14 A1 New Solenoid and Corrector Magnets
‘ \ Relocate BPM'’s (button size/style??)
Added bellows

Added Profile Monitor

Low Energy RHIC electron Cooling Nﬁﬁ?ﬁ'{ﬂﬁ;{%ﬂv
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Gun to Booster (B

T

Dipole Correctors moved offset (D/S) from solenoid center line.
BPM moved offset (D/S) for solenoid center line.
BPM configuration defined??

Quad and Skew Quad correctors (weak) shortened to allow BPM
clearance.

T

Low Energy RHIC electron Cooling Nﬁﬁ?ﬁ'{ﬂ%&%ﬂv
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Gun to Booster

Define Laser box requirements
Detail solenoid
Defining correctors

e AR

)
BROOKHFAVEN

NATIONAL LABORATORY
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Modified solenoid and correction coils Layout in XY-plane and YZ-plane Y
(in DC gun line)

Solenoid

» The lengths of nQ and sQ correction coils are Normal DipoleCor

reduced to fit the limited space between BPM
port and flanges

* The radii (R, Rmax) Of correction coils are also
modified according to the mechanical layouts

* The inner radius of solenoid is increased from
7.5cm to 8cm (3.1507)

» Centers of Correction coils are shifted from
solenoid center by ~0.4 to ~0.6 cm

ormalduad Corr

Parameter List: Solencid and Correction-Coils

Rminf/Rmax | Total Cross- Corner Amp-turn | Field
{winding) length L section Bend Ri | per coil Integral

Example of Parameters (nQ-Correction) — (ref. next Table)

B0/204  506(cm) 124x5.06 (N/A) 47058  1.603E6 . _
Solenoid [cm) (cm?) [A-turn)  [GE-cm - -/CFCEE-EECtlcn
Ay
I Bz*dz} A _Eg_llr
S-Quad 50/55  56(cm) 05x05 02cm 18 3.23 W ZAF |
Coir. (cmn) (cmn?) (A-turn)  (G/cm)-cm PO P“-J-'r] \ Rmax P B
J o jAamemk T — (Brecto-tio
N-Quad 562/612 56(cm) 05x05 02cm 18 3.23 g 7 D L, —
Cormr. [cm) [cm?) {A-turn)  [Gfcm)-cm VL )\ § e j‘ -
50 -y .
S-Dipole 622/7.22 122(cm) 10x10 02cm 60 86.94 e KW
2 o g Ty ____ CornerRi{Zmm)
Corr. (cm) [em*) (A-turn)  G-cm '“’.“_' _ﬁ__ls_ilsc\———____ {inner bending radius)
1""\ e )
N-Dipole 6.22/7.22 122(cm) 10x10 02cm 60 86.93 -_-w*{ %H\i\
Carr. (cm) (cr?) (&-turn) G-cm g T']

. /.‘if
Low Energy RHIC electron Cooling RRORIENE
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Diagnostic Line - 2017
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LEReC Cooling Section Design Room

LF & HF solenoid and 20° dipole magnets fabrication drawings (KH)

Beam Diagnostics: BPM chamber and buttons (VDM)

Beam Line 5” bellows with shields fabrication drawings (GW)

20° dipole vacuum chamber for impedence review (KH)

180°dipole fabrication drawings (KH) Spectrometer magnet (180° dipole) revisions (KH)
180°vacuum chamber + large sliding bellows fabrication drawing (KH)
Beam Diagnostics ES W slit & chamber fabrication drawings (VDM)

20° dipole vacuum chamber fabrication drawings (KH)

Cable tray and penetration drawings and excel sheet (AF)

Beam Diagnostics: PM vacuum chamber fabrication drawings (GW)

Beam Diagnostics: standard PM fabrication drawings (GW)

Beam Diagnostics: special “hybrid” ES/PM/BPM fabrication drawings (GW)
Beam line solenoid/BPM stands & vacuum chamber stand (VDM)

20° magnet stand drawing (KH)

180° magnet w/hybrid assembly BPM stand drawings (KH) on hold

Magnetic shielding drawing and solenoid magnetic measurement test station (VDM) on hold
In tunnel, magnetic measurement “mole” for stray field studies

HF dipole, quadrupole, and skew quadrupole corrector drawings

Low Energy RHIC electron Cooling BROOKHIAEN
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LEReC Design Room Source Design Work

DC Gun Vacuum Chamber Fabrication Drawings (JH)

DC Gun SF6 Pressure chamber specification control drawings (JH)

DC Gun cathode cooling design for Karl S. Cornell (JH)

DC Gun stands (JH)

DC Gun to SRF booster cavity beam line (JH)

DC Gun to SRF booster cavity laser port, view port, profile monitor (JH)

DC Gun to SRF booster cavity solenoid/corrector magnets (JH)

DC Gun to SRF booster cavity BPM’s

DC Gun cathode insertion drive assembly

ERL Gun to Booster Cavity Modifications: U/S cathode to beam tube, FPC, D/S beamline & HOM (SS, JH)
Cathode coating system cathode bakeout vacuum chamber & heater (KH & BM)

Cathode coating system deposition vacuum chamber w/internal cathode transport system (KH)
Cathode coating system transport vacuum chamber — ferris wheel (KH & WJ)

Transfer Station

Chamber

Deposition systems for Sodium,
Potassium and Antimony

Low Energy RHIC electron Cooling .,
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LEReC Design Room Other Work

RHIC 1:00 move real estate drawings (V.DM.)
Cryogenic system layout (RM)
2.1 GHz warm cavity spec. control drawings (MG)
2.1 GHz warm cavity tuner, wave guide, and warm test model (MG)
704 MHz warm cavity spec. control drawings (SP)
Transport & Merger line layout (RM, KH)

Locate booster cavity, solenoids, BPM’s, RF Cavities, PM’s, Diagnostic Lines
Transport & Merger Line Solenoids (KH)
Transport Line Solenoid Stands
Transport & Merger Line Bellows and Pump Ports (GW)
Transport & Merger Line CT’s (GW)
Transport & Merger Line BPM’s (GW)
Transport & Merger Line Correctors <
Transport & Merger Line Profile Monitors
Merger Line Flying Wire
Diagnostic Beam Lines and Components

Kickers, RF cavity, beam dump,

Low Energy RHIC electron Coo

ling BROOKHFPVEN

NATIONAL LABORATORY
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180° Dipole Magnet Neighborhood 2016

BPM +YAG +
VONITOR HIGH FIELD LOW FIELD
Assemblies SOLENOID
61.68 H/V
+
£4.13 Corrector BPM
\[ YELLOW RHIC Beam l
— e ——
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COOLING Section Solenoids
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Gun Section
1. Two p.s sfor stand alone Corr 24H & 24%. Need & 1. Using
Comell Corry & | for estimate.

2. Three Solenoid magnets afterthe Gun (G31-G53). Need v &
I. Using Cornell ol % & | for e stimate,

3. G52 has Corr 25H and 25 built into it. Mo P.%. set aside yet
Meed Magnet v & 1.

4. G535 has Corr 26H and 26V builtinto it. Mo P35, Set aside vet,
Meed Magnet v & 1.

Gun T tLi
. ransportLine
Section p )
CommEsioning
Homom Dipok
U o8 g TE1 52 53 54 TS5 fcompa)  TSE 57

=8

=32

x8
3
8
-
g
S

o=
om I
MW

C
HW -8

Com26 HW

Transport Line

1.11p.ssfor 11 Sol magnets (TS1-11) . Meed W & |, For now
using 11-250% S04 GEM ps's. Meed ' & 1. T$1-10 are 500G,
T511=1.1kG.

2. 10 Corrp.s’sfor only § Corrector (Corrl-5) maghets. Need ¥
& |, For nowe using ten ERL 15% 104 SHIM p.s”s. Do we need
rmare than 5 Corr magnets? Are they inthe correct location?

3.1 p.s. forone Comrmissioning Dipole (ComD1). Meed ' & |,
For nowe using ERL extraction dipole with ERL pswhich is Kepco
BOP GLSOW 204

4.1 p.s forone Quad, QF, Use ERL 15% 108 $HIM ps, taking
quad from ERL.

Motes

1, Daon't forget we need FWD's and for kepoos we
might need blocking diodeto makeit unipolar,
haowever this may not betrue because we may want
kepcos to work bipolar ta get rid of remnant field

2, Tell Bob % about new 304 254 ps's we added
because LFC514is running as a single magnet and
update D Phillips racks.

3. I really need*/ & | for T51-11 and hMergsl-52.

4. T52 & T55 are replaced by 2 chicanes (zig

zags) for Phase |l

sprader gflsfls

Cooling Phase 1 Block 7.vsd
Section
Tatc hing solencids
52 pamEte Cormctars
B Lowi Field f :
comparmmirg Coolihg Section
soknoid Low Field Comps mat ing Solenoids with Bucking Coik and Comectors saz Comp
Lres1a FES13 LFES12 LFesll  LFEslo LRGSR LFGSE Lros? az
com =z corrz1 corria
comp HW¥ W HWY  HW H, W H, W H, v H, W 180"

Dipole
[co2)

Merger & Dump
1. 2 p.s.’s needed for two 1. 1kG Solenoid Magnets (Mergs1-2). 12047, % is ~146.8Y7 | don't know what |
should be for 1.1kG. Use 2004 504 Gen ps
2. 2 p.s.’sneeded for one Corrector magnet [Corr 8), Need ¥ &1, For now using 2 ERL 15% 104 SHIM p.s.’s,
3. 1p.s., ERLKepco BOP GL 50W 204 for four 20% magnets in series. 20°-1&2 in Merger Section. 20%-3&4 in
dump section.
Cooling Section
.1 pos 150% 22A for LFCSc1-6 cores 6 in series
.1 pos 150% 22A for LFCSheol-6 buck coils (2x) 6 in series
.28 p.ss 200 2A BIRA MCOR for Correctors, Corr 9-22 with LFCS magnets.
. 1pos 150% 22A for LFCSc7-13 cores 7 in series
. 1 p.s. 150V 224 for LFCShe7-13 buck coils (2%) 7 in series
.1 pos, 30% 254 for LFCSc14 core single
.1 pos 30% 254 for LFCSheld buck coils 2 in series from one magnet
.1180%p.s +/-30ppm? Meed to sit down with Alexei, Bob about specs, have 3 options, 33,3V, 7.84
. 2 p.s.'s 30% 25A far High Field Matching Salenaids (HFMS1-2)
10. 4 p.s.’sfor HFMS Correctars (Corr 7 & 23), need real Mag® & |. For now using ERL 15% 104 SHIRS
11. 1 p.s. for Compensating Dipoles (CO1-4), All 4 in series. Use one kepeco 50% 204 .5,
12, 1 p.s for Skew Quad (501) Y & | needed, 1 p.s for Quad (Q1) Y & | needed, 2 ps'sfor Corr 8 (V&I needed)
13, 1 p.s. for Skew Quad (502) % & | needed, 1 p.s for Quad (02) % & | needed

[ e B o T I kN

Dump
1. 1 p.s. needed for ane Spreader Quad Magnet (SPQL), Mo &1, told to use ERL 15% 104 SHIM p.s.



Diagnostics: Transport

Faraday Cup
YAG YAG

Position BPM System BPM l
Profile YAG Profile Monitors (PM)
/ . :
Vertical ICT
& Horizontal 2 1
YAG Halo _Monilors Warr
BPM l BPM BPM BPM BPM BPM BPM  BPM &Piekes
H"_Ti 4 4 4 i 4 o 4
704 MHz 704 MHz T T _ 2.1 GHZ.
Warm Warm Quadrapole(s) Solenmgl(s) Warm Cavit:
Cavity Cavity 2 locations 11 locations
e-Beam Transport Beam pipe size 2.38 ID does not match ERL
o) BPM =8 Bake-out to near RHIC and near Booster Cavity??
i YAG =1 ERL Buttons for BPM’s OK??

Profile Monitor drives from ERL, vacuum chamber?
ERL emittance slit drive

Commissioning line dipole angle

2nd 2.1 GHz cavity location?

Another 200 dipole?




Merger Beam Line

Position BPM System '
Profile YAG & Flying Wire Profile Monitors (PM)
Energy Spread Slit + PM in dispersive section

To Commissioning Flying yag From Electron
Beam LJ Wire BPM Transport

e-Beam Transport

BPM =2
YAG=1 Beam pipe size 2.38 ID does not match ERL
Flying Wire =1 Bake-out to 200C?? near RHIC

Flying wire system or equivalent TBD

28



Commissioning Beam Line

Profile YAG Profile Monitors (PM)
Absolute Electrostatic Energy Spectrometer
Energy Magnetic Energy Spectrometer
Energy Spread Slit + PM in dispersive section
Longitudinal RF Deflecting Cavity + Dipole & PM
Phase

HVDC
Deflector

Ny

Fixed
YAG

Faraday Cup I

Scanning YAG
Profile Monitor

Deflecting
S Cavity
Commissioning B/L (704MHz)
YAG =3
Faraday Cup =1
Defining Slit = 1

YAG
& Slit

Beam Sampling Technique for high
power single macro bunch

measurements
Beam Sampling Technique for high
power single macro bunch
LASER I | measurements
Kicker g ' |
L LJ

1 T
RF Settling Time ~250pus )
Instrumentation
Exposure ~10us

Full power on dump

Solenoid

Medium Power S

Beam Dump
(Full Power ~250ps)

From
Transport
Section

29

Separate Group Meeting

Kicker TBS

Merger solenoid??

Internal beam dump TBD
Deflecting cavity design underway
HVDC deflector TBD

Another 200 dipole? TBD

Fixed and Scan YAG’s dumps




Merger/Transport

Need Quadrupole Magnet Spec’s
Same as dump quadrupole?
Move gate valve down stream of 2007

Instrumentation
line




IP 02:00




Diagnostics: Gun to Booster Cavity

Position BPM System
Current/ Charge ICT, DCCT, Faraday Cup
Profile Profile Monitors (PM)

Halo Moveable Halo Detectors

Emittance Multislit mask + PM
Faraday Cu
y Lup YAG
BPM l
Injection /
E BPM =6 Vertical
i YAG =3 & Horizontal
ICT=1 Halo Monitors
DCCT = 1 & Pick-Ups

Emittance Slit =1
Halo Pairs =2
K Faraday Cup (& pick-ups) =5

YAG
Cathode
Camera
BPM BPM BPM l BPM
YAG Solenoid(s)
BPM

DC Gun
_ (Photocathode)

: 704 MHz
Em-Siit SRF Booster
ICT
2.1 GHz Laser Injection
Warm Cavity Port

Cornell Layout GtB,

Bake-out to 200C near DC Gun

DC Gun instrumentation:
- Large Button or ERL Buttons or Striplines??
- Profile Monitor in Laser Cross

- Cathode Camera in Laser Cross
32




BPMs in Transport Section

Small Dia. BPM Housings (2.38 ID), 10mm buttons
 ERL Buttons different size and shape

- |

a1

LR

J2RIE -

@ 98134 0002

.-_gf. Blh —]

. ol
Boe” T 17
| X
PRT_CSTS. IFF
ISOMETRIC VIEW
—= | 2 pronot i FOR REFERENGE
v : r 41_
— 1815
IR B R
secTion B-B
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