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Minutes of LEReC Cooling & Merging Sections Meeting
25 June 2015
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Beam Line Layout — Cooling Section (CS)

H & V Emittance Slit at 45 degree angle located on Blue CS side of 180 dipole on downstream side of LF Solenoid.
The PM located in Yellow CS side of 180 to be moved to opposite side of 180 dipole. This PM will slide with the
dipole.

Hybrid BPM’s on Y & B CS side of 180 to have horizontal BPM’s and vertically-oriented PM-energy slit. These will
slide with the dipole.

Beam Line Layout — Merging Cooling Section
No changes to e-beam merge and exit transport line layouts.

Instrumentation

The ‘hybrid” BPM’s will be a combination of a horizontal BPM and vertically mounted PM and Energy Slit.

P. Thieberger continues to work on the detail RF design of the hybrid BPM’s, PM’s and slits, which include ferrites in
lower cross chamber and contacts (grounding fingers).

Drawings for Slits sent to central shop for RFQ (quote) per V. DeMonte.

CS BPM contract placed with MPF:

Teleconference Design Review with MPF on Tuesday, 23 July.

MPF to provide schedule.

MPF authorized by BNL to purchase materials based on the approved design drawings.
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Minutes of LEReC Cooling & Merging Sections Meeting
25 June 2015

Magnets

» 180 Dipole Magnet: Pole face shims to correct for quad multipole have been removed.

180 Dipole Chamber: Chris Manning of Central Shop obtained quote for U-tube for $3500.
» 20 Dipole Magnet: G. Mahler to get update on status from Everson Tesla.

» 20 Dipole Chamber: Drawings are ready. [last week]

» LF Solenoid (Compensating): Alpha will ship 1t production unit next week. We need to meet with Anamesh J. to discuss field
measurements to be done.

» Transport Line Matching Solenoid and Merging Line Matching Solenoid configurations have been designed by W. Meng. Both are for
2.5” beam line. (Mechanical design drawing to be started.)

RF Cavities

» Warm RF Cavity ME group design development meeting on 19 June.

Other

 Brief discussion of e-beam fault condition and susceptibility of 180 dipole 20 dipole to damage.

» Component Stands: J. Halinski completed stand design for DC e-Gun. We need to start to forward on magnet stand design and fabrication.
(J. Fite ordered stand material for moving IPM’s out of Sector 1.)
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Overall Layout

64 m
< IP2

H & V Correctors LEReC-I (1.6-2MeV): Gun to dump
SRF gun used as a booster cavity

:!E —— Add Quad and Skew Quad Correctors

Move BPM close to 180 magnet combine with PM.
Add Quad and Skew Quad Correctors
3.75"0D/3.62"ID beam line

9.2cm D
&
‘ F e IRt et o
L TRy 2.5"0D/2.38"ID beam line
X : - (6 cm ID)
5.0"0D/4.78"ID beam line
12cm ID
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180° Dipole Magnet Neighborhood Il
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180° Dipole Magnet Neighborhood Il W

T ——_

Relocate
PROFILE
MONITOR
(not shown) WINDOW FRAME
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163.5
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20° Dipole Neighborhood Il

BPM w/ ERL Buttons ;
ERL, Profile Monitor ID=2.37" _—

|ID=1.87"

Cornell, Wire Scanner
OD=1.50"; ID=1.38"

MNew transport BPM BEHOWS

housing
With existing ERL
aurrons 0?[9)%;’1?;?4 Gate Valve Pipe
- 47236-CE44 OD=2.50"1D=2.37"
! |ID=2.48"

\\
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Relocate Remove
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BPMs in Cooling Section

Large Dia. BPM Housings (4.8 ID), 28mm buttons
e Order Placed with MPF

 Final Design Review 6/23/2015, no issues

 MPF approved to purchase material

 MPF will update delivery schedule

 MPF approved to start housing fabrication now

* Increased number of button first articles for 2 BPM’s
one standard, one 180 magnet special.

Special ID for 180 Magnet (hybrid BPM, PM Slit)
e Same button size, Analysis OK

 Eliminate vertical button for PM

e Combined with profile monitor & emittance slit
» Impedance checked with fingers and ferrite
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Cooling Section Standard Profile Monitors w

T r—

RF impedance design approved (Peter T.)
Ferrite ring mounting design complete. CMD5005 material.

Requisition for commercial vacuum linear stage, requisition complete
YAG screen/mirror holder design complete.

Stage Assembly
(Linear Feedthrough)

Zero Length adalf’terfky7
Profile Monitor

YAG Screen Assy
Low Energy RHIC electron Cooling BROOKHRAEN
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Cooling Section Standard Profile Monitors bi;

RF impedance ferrite mounting.
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Cooling Section “hybrid” BPM, PM, Slit &

T r——_

RF impedance analysis complete
Chamber design complete
Final design of RF impedance grounding fingers

Final design of RF |mpedance ferrite conflguratlon
and mountlng

=£

-
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Cooling Section Emittance Slits

Requisition for commercial vacuum linear stage.
Design adapter tungsten plate to drive shatft flange.

Tungsten plate/slit manufacturing

NATIONAL LABORATORY



Vacuum Hardware

Beam line bellows & 180 accordion bellows purchase orders.
“Standard Chamber Length” defined

180 chamber 316L vacuum annealed to 900C after welding. o
Test chamber welded and measured.
Shielded valves on order —
need DC Gun shielded valves and vacuum equipment. T

£l -~
JI .:."-‘Pa;".
—

- -
T
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20° Dipole Magnet

T ——_

Requisition approved SOW — 2 magnets by 10/1/2015.
Order Placed 5/6/2015 Everson Tesla —

Estimated Delivery 15t two magnets 10/1/2015 hemanes e
Distance Between Pole Faces = 10.4 cm (4.1 in.) |
Magnet Vertical Gap = 10 cm

Vacuum Chamber V Aperture = 9.5 cm (3.74 in.)

LEReC 20-degree Dipole (Gap clearance=10 cm)
[distance between pole faces =10.4 cm)

Pole side-trims
15(W)x0.2(T)cm
(prefer Removable)

Pole up/down stream
Chamfers: 1nl cm [45%)

Electron tracking results and field qualities along trajectory
on R=1 cm curved cylinder:

14
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Current per coil (Amp-turn) 1053.288 393.192
5 . . Overall current density (A/mm?) 0.73145 0.27305
g‘L = [overallcoil cross-section 3.0xd B cm)
&b, 2 i & R4
§‘|- ol - Central Gap Field [Gauss) 251.20 93.73
N 1 .
N e
7 .z | ] o B B
7 =il : %J g = Half bl-integral{dipole) (G-cm) 3.1982E3 1.1930E3
vk U = s
s I | \ EREaC
| sroNLs B oeL W F "L : Half b3-integral(6-pole) (G-cm) 1.803E-2 7.019E-3
o [Ratio to dipole intagral] [5.64E-6] [5.88E-6]
Half bending anglefrom trackingtess  10.013° 10.006*
[required 10%)
BROOKHFAEN



20° Dipole Magnet Vacuum Chamber w

i e 1 (P

Y- CHAMBER Here attached the wake field
e analyses of the 180 degree and
20 degree chambers for LEReC.
The 180 degree chamber shows
a wake loss factor at 0.0186
V/pc, and for the 20 degree
chamber, it is 0.0295.
Best,Binping

. 6.75CF

Fabrication Drawing
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180° Dipole Magnet

Requisition Status

Range of motion for magnet core +/- 10cm.
Magnet Vertical Gap = 10.0 cm (3.94 in.)
Vacuum Chamber Aperture =9.5cm (3.751n.)

Bottom half:
Pole size: 110 (W) x50 (L) cm
Side chamfer 1.5 cm (45%)

Gap=10cm
Yokethickness=10cm
Coil cover thickness=5cm

Clearwindow
—80 BB(H) x 10(V) cm

Electron tracking results and field qgualities along entire trajectory

on R=2 cm curved cylinder:

Total current per coil [Ampere-turn) 2119.146 791077

Owverallcurrernt

density [&/mnF) 0.7064 0.2637

[coil-pack crosssection: 5.0 x 6.0 cm)

CentralField deep inside magnet (Gauss) 525.21 195.78
Effective Magnetic Length (cm) 105.43 109.57
Full bl-integral {dipole) {G-cm) 5.7471E4 2.1452F4
Full b3-integral {&-pole) {G-cm) 0.132 0.005
[Ratio to dipole integral] [2.30E-6] [2.44E-T7]
Full bending angleasshownintracking  180.002° 180.003*

studies (required 180%)

CeC §D45 #2 104 (Dn) Z-Scans (10-Apr-2015)
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180° Dipole Magnet Revised W

i e 1 (P

Modified design —
Y (1) Window inner width {on shield)
&0 now is wider (X = +/- 50 cm)
(2) Shield is magnetically decoupled from
magnet (keep the same gap 8 cm).

AN
h X

10 cm
{unchanged)
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180° Dipole Magnet Revised

Summary of modifications:

Magnet gap, pole, and yoke dimensions have no changes (from the
original design).

4-piece 3 mm inner shims were not added.

The colls require 2% more operating current.

Colil covers (i.e. shields, or field-clamps) now are decoupled with
the magnet steel; to keep 8 cm distance, by using non-magnetic
material.

The vertical opening remains the same (10 cm)

The horizontal opening s wider: inner window 100 cm (was 96 cm);
accordingly, outer edge-to-edge: 128 cm (was 124 cm).

The thickness remains the same (4 cm).

Low Energy RHIC electron Cooling SROOKHAVEN
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Compensating and Matching Solenoids

Buckley magnets complete 8/20/2015 + 6 weeks shipping + customs.
Alpha Magnetics update: Will ship first production magnet next week.
Magnetic Measure may be delayed, awaiting AMD schedule.

Design support stand assembly — provide space for mu metal shields, separate beam
pipe stand support.

Magnetic shielding analysis (Wuzheng)
Design prototype mu metal shields and supports.

Magnet measurement fixture plan for prototype and design test fixtures.
Brockhaven LeRIC Matching Solensid Praject, Revicad Manufactusing Schacule ‘

Low Energy RHIC electron Cooling BROOKHIAEN
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Transport Line Matching Solenoid

Transport Solenoid (preliminary) ----- to be mounted on 2.5” pipe

Z [cm]

18.0

16.0

(Copper winding starts at R=2")

1.27 cm (thickness)

14.8

Overall

14.0

12.0

10.0

J=-73.501,,

(A/lcm?)

6.0

4.0

2.0

0'8.0 20 4.0

By using #5 square wire
lo=17.77 A

N =720

(60 turns along Z-axis;
12 layers along R)

Total 12792.7 A-turn

Bo=5354G
Bz** integral = 7.27E6 G?-cm

R [cm] Effective Lm =29.5cm

08 14.84

5
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Transport Line Merging Solenoid

Merging Solenoid (preliminary) ----- to be mounted on 2.5” pipe

Z [cm]
18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0 8

(Copper winding starts at R=2")

— .27 cm (thickness)

By using #5 square wire
lo=18.13 A

N = 1140

(60 turns along Z-axis;
24 layers along R)

3= -75 AJem? Total 26112 A-turn
(Overall) Bo =1088.39 G
Bz** integral = 3.06E7 G?-cm

Effective Lm = 30.14 cm

R [cm]

0 20 4.0 |6.0 8.0 10.0 14.0 |18.0
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LEReC Cooling Section Design Room

Design 180° dipole chamber for impedance review (KH)

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

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)

180°vacuum chamber + large sliding bellows fabrication drawing (KH)
Beam Instrumentation ES W slit & chamber fabrication drawings (VDM)
Beam Instrumentation PM YAG, mirror, mount, & chamber fab. drawings (GW)
Beam Instrumentation Hvbrid BPM PM YAG assembly drawings (GW)
Beam Instrumentation PM ferrite insert (GW)

20° dipole vacuum chamber (KH)4

20° and 180° stand drawings (KH)

Beam line solenoids, BPM’s, and long pipe independent stands.

Magnetic Shielding drawing and solenoid magnetic measurement test station
Cable tray and penetration drawings

., Low Energy RHIC electron Coagling [BROGKHRUEN



LEReC Design Room

Phase 2: 5 cell cavity positioning (RM)

DC Gun Vacuum Chamber Fabrication Drawings (JH)

DC Gun SF6 Pressure chamber specification control drawings (JH)
DC Gun to Booster SRF booster cavity beam line (JH)

DC Gun & SF6 Chamber stands (JH)

RHIC 1:00 move real estate drawings (VDM)

Phase 2: 5 cell cavity positioning (RM) — Revised Position

Phase 1 and 2 cryogenic system layout (RM)

2.1 GHz warm cavity fabrication drawings (MG)

704 MHz warm cavity fabrication drawings

DC Gun cathode insertion drive 4

DC Gun cathode coating system upgrade — coating system vacuum chamber
Transport line layout drawing (RM/VDM)

. Low Energy RHIC electron Cooling SROONHAVEN
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BPM quantity: 12
Short bellows quantity: 20

HIGH FIELD
BPM PROFILE EMITTANCE SOLENOID 20° DIPOLE
MONITOR SLIT

' 168.8
128 462
CORRECTOR

'_+

55

. 4
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180° Dipole Magnet Neighborhood Il

Aperture Transitions

.

P
1

-

- /")"’
Low Energy RHIC electron Cooling RRORIEM



: : O
5 cell cavity location 6
b, s

T r—

New updates?
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LEReC Dipole Skew Quad Corrector

Window-frame Skew Quad: 100 A-turn per corner = s-quad
gradient 3.19 G/cm or, 3.19E-2 T/m

viem  Current polarities:
« Opposite corners have the same polarity
80— o Adjacent corners have the opposite polarities.

L | | | |
090 10 20 30 40 50 60 70 80 9.0 100

Low Energy RHIC electron Cooling SOROONHAVEN.



Sector 1 Relocation Meeting 5/22/2015

Sector 1 Instrument Relocation for LEReC £
Summary

Champions need to confirm the relocation plan so the mechanical design work can proceed

More details can be found here:
http://www.cadops.bnl.gov/Instrumentation/InstWiki/index.php/Instrumentation_Relocation

Systems in the LEReC Region (40m - 63m) to be Relocated

7 separate mechanical assemblies New Location Champion Mech E.
ARTUS Kickers - Blue V, Yellow H Sector 2 Drees

IPMs (lonization Profile Monitors)- Blue H, Yellow V Sector 12 Tepikian Fite
Moveable BPM & LF Schottky, X-Y stage BI1 41m Sector 1 (closer to Q4) Brown/Blaskiewicz

BBQ PLL Kicker stripline (1m) YO1 Sector 1 (closer to Q4) Marusic

Triple Purpose Pick-Up on Moveable X-Y Stage YO1 ~42m Sector 1 (closer to Q4) Minty/Marusic

Cable Tray Waterfall Phillips/Sampson

Systems to be Removed
Electron Detectors (8)

Zhang/Blaskiewicz

Quad Pick-up (0.25m}) YO1 40.1m Minty
Luminescence Monitor Cross at BO2 53.1m Minty
Stochastic Cooling Ceramic Pick-Ups[6-9 GHz] at BI1 67.8m Mernick
Beam Loss Monitor Detector Reconfiguration, Sector 1

1 BLM per IPM will move with the IPMs to sector 12 Drees

Low Energy RHIC electron Cooling BROOKHAVEN
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Sector 2 Modifications

LEReC:
Move cable tray/Modify cable tray
Move Access Controls Gate
Remove stairway and part of cross-over platform
Tunnel Penetrations ~

_—
BROOKHFIAVEN
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