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4/16/2015 Meeting Minutes

- Beam Line Layout — Cooling Section
0 At 180 dipole, yellow beam line:

[] What is position of HF solenoid? Move it closer to dipole for space for BPM — aperture question. Move BPM away from 180 or use special, smaller
BPM (to be purchased)?

[] Common stands will not be used for LF solenoid, BPM, bellows, and beam pipe. Beam pipe to have its own stand due to its high weight and possible
influence on precision align of BPM.

0 G Whitbeck is working on the standard cooling section welded bellows design with MM.

- Instrumentation
BPM’s: Spec and SOW are finalized. The purchase request is trying for a sole source to MPF.
PM’s: Vacuum chamber design complete. G. Whitbeck to work on detail drawing after standard bellows is done.

- Magnets

0 180 Dipole: Design is complete with solid iron core. Based on field measurements by Anamesh at reduced field on CEC dipole, a solid core for the
180 will be acceptable. There was discussion of machining of iron core face (~0.21deg) versus the use of quadrupole. Quad is needed on ebeam exit side —
Blue, and dipole corrector is needed on ebeam entrance side — Yellow. Also, J. Tuozzolo considered putting windings on both sides, but get power supply
for one set.

o K. Hamdi to finish vacuum chamber drawings for 180 dipole.
o Vacuum chamber for 20 dipole needs to be evaluated (impedance analysis) by Binpeng and M. Blaskiewicz.
0 20 Dipole: In PPM and being handled by new buyer per G. Mahler.

DC eGun Progress

Contract with Cornell almost in place.

Working with Central Shop on manufacture of vacuum chamber. RFQ with CS to start was submitted.
Spec and SOW for SF6 chambers have been drafted.

o O O

- RHIC Beam Line (LEReC Cooling Section region)
o Discussion of clearing instrumentation cable from tray and labeling before relocation.
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Overall Layout

64 m

LEReC-I (1.6-2MeV): Gun to dump
SRR N SRF gun used as a booster cavity
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LEReC Loop Dimensions <
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5 cell cavity location 6
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Location of egun and 5-cell, the beam line length and dlstance from IR
center and tolerance, iIs being updated by R. Meier. '
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Overall Layout

3.75"0D/3.62"ID beam line
9.2cm ID
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2.5"0D/2.38"ID beam line
(6 cm ID)
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5.0'0D/4.78"ID beam line | =
12cm ID

From: Fedotov, Alexei
Sent: Friday, April 03, 2015 2:22 PM
Subject: RE: LEReC Cooling Section Component Design Meeting 4 - 2 - 15

2.38” ID gives sufficient margin for the merger section (from one 20 deg. dipole to another). It is sufficient for beam transport
line of LEReC Phase-I as well.

However, to take into account LEReC Phase-Il with higher charges, the area from the DC gun to the SRF booster and then
additional area where for Phase Il zig-zag will be needed from the SRF booster to the SRF 5-cell cavity should be revisited

when choosing appropriate vacuum chamber size.

Alexei

Low Energy RHIC electron Cooling BROOKHAVEN
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BPMs in Cooling Section (14 Locations)

Orthogonal Installation — simple processing.
e Large Dia. BPM Housings (4.8 ID), 28mm buttons

e Drawings in checking
e SOW and Spec near complete.
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Compensating and Matching Solenoids

Contract Awarded 9/15/2015 delivery for both

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. ..

Low Energy RHIC electron Cooling BROOKHIVEN
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Profile Monitors — New designs for Cooling Secticw

i e 1 (P

Ferrite ring mounting point. Low power loss - CMD5005 material.
Ferrite shape is not critical

Peter re-analyzed the chamber. modeled is 1.65” OD, 1.45” ID and [}
1” high.

Chamber design being finalized and detailed.

Low Energy RHIC electron Cooling BROOKHAVEN
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Profile Monitors — New designs for Cooling Sectiw

i e 1 (P

Utilize commercial vacuum linear feedthrough/drive system (D. Weiss)
Need to adapt YAG screen/mirror holder and emittance slits to drive shatft.
Create fabrication drawings for YAG screen/mirror holder and emittance slits

TUBE5.0in0ODx4.78inID 3.37 in

TUBE ID

TUBE 3.5in OD 7.67 in

X3.37inID

NATIONAL LABORATORY
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180° Dipole Magnet
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Magnetic field quality and repeatability for energy spread measurement. Test
using CeC dipole complete(A. Jain)

We have carried out tests of field repeatability at low fields in the CeC 6D45 dipole #2. These tests were carried out at 10A on the down ramp after many cycles from 0 A
to 12 A. The field in the magnet at 10 A is ~178 Gauss. The power supply used was the same as is used for the regular high current measurements, and stability at still
lower currents would not have been good. Even at 10 A, the standard deviation of current readings is as high as ~0.05%

There were two types of tests carried out:
1. Hysteresis curves from 0 A to 12 A and back in 2 A steps, measured at the center of the magnet.

2. A full axial scan at X=0,Y=0 for Z = -350mm to +350mm in 2 mm steps. This was done immediately following the hysteresis curve measurements after setting the
magnet at 10 A on the *down ramp*. This test was done to study reproducibility of field all along the length of the magnet. Also, the integrated field computed from the
scan is determined much more accurately than single data points due to averaging of errors over the many points in the scan.

The above 2 tests were repeated 5 times to study the reproducibility of field from cycle to cycle. | have not had a chance to process the data for the hysteresis curves yet.
The results of analysis of the axial scans are attached. The axial profiles look the same in all the 5 scans, but this is on a very coarse scale. The integral field, however,
shows excellent reproducibility with a standard deviation of 0.02%, which is comparable to measurement errors at this low field, and is well below the required 0.1%. The
lower plot in the attached PDF file shows the measured differences in field from the very first axial scan. There is no systematic difference seen between various scans,
aAthough tfgje)"noise" in individual data points can be up to ~0.05 mT (most likely due to small differences in actual Hall probe positions in different scans, particularly near
the two ends).

Ce( 6D45 #2 104 (Dn) Z-Seans (10-Apr-2015)

The results of the hysteresis loop measurements will be reported later, perhaps not until about 10 days from now. Bl 3 ISl TEmd T
Electron tracking results and field qualities along entire trajectory - 000G
on k=2 cm curved cylinder: S{ -0 004
T -0 06
Range of motion for magnet core +/- 10cm. L EEEE S
Magnet Vertical Gap — 10 O Cm (3 94 in ) Total current per coil [Ampere-turn) 2119.146 781,077 T 0w
" " " = 2 = ooz
Vacuum Chamber Aperture = 9.5 cm (3.75in.) e i
Central Field deep inside magnet (Gauss) 52521 19578 E 0016
Bottom half: 3
Pole size: 110 (W) x50 (L) cm Effective Magnetic Langth cm) 109.43 100.57 “ ;E: _ Integral Field = -1.1209E-0Z Tesla.m € 0.021%)
Side chamfer 1.5 cm (45°
idecha cm{a5Y A Gap=10am Fullbl-integral {dipole) (G-cm) 5.7471E4 2.1452€4 400 -3 00 A-;UiualPo :n e = = e
EzﬁFE;’LI;t:fTSKZ;DSETE m 4 G Fullb3-integral (6-pole) (G-cm) 0.132 0.005 siton (M)
1 [Ratio to dipole integral] [2.30E-6] [2.44E-7] CeC 6§D45 #2 10 A (Dn) Z-Scans (10-Apr-2015)
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180° Dipole Magnet

[ ' ' \
A i
m Logpme |

0
4 - F (1D 4.62)

@18

Crossing tube aperture (3.94 in. vertical)

Circular tube, vacuum Chamber ID =9.5cm (3.75In.)
Binping Xiao has completed analysis.

Final review and approval (Alexei)

Low Energy RHIC electron Cooling
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Vacuum Hardware

Beam line bellows fabrication drawing underway.
180 chamber fabrication drawing underway.
180 accordion bellows being designed.

Low Energy RHIC electron Cooling BROOKHIVEN
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20° Dipole Magnet

T r—

Drawings checked — Spec/SOW approved (4/1/2015). LEReC 20 degree biole. (Gao clearancentt )
Requisition approved SOW — 2 magnets by 10/1/2015. e et e
Out for Bid this week? et m— N
Distance Between Pole Faces = 10.4 cm (4.1 in.)
Magnet Vertical Gap = 10 cm

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

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

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

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

Current per coil [Amp-turn) 1053.288 393.192
Overallcurrent density A/ mme) 073145 0.27305
[overallcoil cross-section 3,008 cm)
Central Gap Field [Gauss) 25120 9373
Half bl-integral(dipole) (G-cm) 3.1982E3 1.1930E3
Half b3-integral(&-pole) (G-cm) 1.BO3E-2 7.019E-3
[Ratio to dipole integral] [5.64E-6] [5.BRE-B]
- & . Half bending anglefrom trackingtess  10.013° 10.006°
e ] kil »I [ [required ITJ

Low Energy RHIC electron Cooling BROOKHIAEN

13 113 NATIONAL LABORATORY



20° Dipole Magnet Vacuum Chamber @
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Y- CHAMBER

Sent to Binping for analysis

Low Energy RHIC electron Cooling BROOKHAVEN
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LEReC Cooling Section Design Room

Design 180° dipole chamber for impedance review (KH)

Phase 2: 5 cell cavity positioning (RM)

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)

Beam Instrumentation PM and ES drive fabrication drawings (VDM)

180° dipole magnet and vacuum chamber integration + large sliding bellows (KH)
Beam Instrumentation PM and ES Vacuum Chambers & ferrite insert (GW)
Beam Instrumentation PM ferrite insert (GW)

180° and 20° dipole vacuum chamber (KH)

180°dipole magnet and vacuum chamber integration + large sliding bellows (KH)
20° and 180° stand drawings (KH)

Beam line solenoid stand LF Solenoid, BPM, and long pipe are to be independently positioned and
surveyed on common stand.

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

Low Energy RHIC electron Cooling BROOKHAAEN
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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)
Phase 1 and 2 cryogenic system layout (RM)

DC Gun stands (JH)

DC Gun cathode insertion drive

2.1 GHz warm cavity specification control drawings

704 MHz warm cavity specification control drawings

DC Gun to Booster SRF booster cavity beam line

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

Low Energy RHIC electron Cooling
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Sector 2 Modifications

Move cable tray
Modify cable tray
Move Access Controls Gate

NATIONAL LABORATORY
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Sector 1 Relocation w
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Remove/relocate cables: instrumentation, cryogenics, vacuum, power
Move cable trays

Low Energy RHIC electron Cooling BROOKHAUEN
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Sector 1 Relocation
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2517 .4
25159
258152

25139
25132

23126

23107
25087

2501.75

2483.4

Sector 1l

Meters  Yellow Quter (Y01} Before Relocation
from P2  Label Name Notes

3.4 Start of warm sector ¥-valve

387 10 Hz GOF Magnet

398 KKR-1 Quad PU [0.25m, 107] Not needed, Future use?

40m Start LEReC

401 KKR-2 BBQ [PLL] Kicker [Im, 397] [twisted pr push-pull)

4.5 KKR-2 Head-Tail PU [1m)

124 KKR-1 GQuad PU [0.25m, 107] All one moving assy

2.7 KKR-2 BBQ [PLL] PU [1m] 157 length

461 TMEH ARTUS Kicker Horizontal [start] 2m long

131 TMEH ARTUS Kicker Horizontal 2m long

ED¥  Electron detector ¥ Not needed
Fin diodes [4]
531 LM Lumi-mon [only a cross] Mot needed
55 IPM-¥ Y-lonization PM Yert [587)
EIm End LEReC U-Turn
E4m 1 meter space needed?

~T Meters of open space

75 Bellows & ¥Yacuum pump

725 End of warm sector ¥-valve

Bll

3
2517.4

2515.1
25147

25112

25129

25105
25102

2503.6

25016

2483.4

Meters  Blue Inner (BI1
from P2  Label Name Notes
¥-valve Start of warm sector
10 Hz GOF Magnet
40m Start LEReC
409 MEFM1 LF Schottky resonant PU [BPM] All one moving assy
4.3 MEFM2 LF Schottky BPM for centering 53" length
128 IPMH B-lonization PM Horiz [547)
415 KKR-1 Hybrid Kicker [0.25m]) Not needed, Future use?
Electron det_ ¥ MCF & RHIC ED Yertical
457 EDH-ANL Electron Detector Horizontal Not Needed
532 GCK+TMKY ARTUS Kicker ¥, 2m [or Bunch-by-Bunch longit damper?]
This device was removed For service as of 10-21-13
552 GCK+TMKY ARTUS Kicker ¥. 2m [or Bunch-by-Bunch longit damper?]
EIm End LEReC U-Turn
G4m 1 meter space needed?

~2 Meters of open space

1]
686
63

R-5C Ceramic PU
R-5C PU

R-5C PU New dexi Future

¥-valve

Ezisting

End of warm sector

Low Energy RHIC electron Cooling
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Sector 1 Relocation
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2517 .4
25159
25152
2513 9

25133
2512 6

25107
2508.7

2501.7%

24834

Sector 1

Meters  Yellow Outer {YD1]
from IP2  Label Name Notes

84 Start of warm sector ¥-valve

87 10 Hz GOF Magnet

40m Start LEReC

63m End LEReC U-Turn

G4m 1 meter space needed?

64 KKR-1 Quad PU [0.25m, 107) Not needed, Future use?
643 KKR-2 BBEQ [PLL] Kicker [1m, 29%) [twisted pr push-pull)
65T KKR-2 Head-Tail PU [im]

GE_E KKR-1 Guad PU [0.25m, 107) All one moving assy
[ 1] KKR-2 BEQ [PLL] PU [1m] 115" length

Fa R Bellows & ¥acuum pump

2.5 End of warm sector ¥-valve

Bl

5
2517.4

25151
25147

25133

25129

25105
2510.2

2501.6

24834

Meters  Blue Inner (BI1
from IP2  Label Name Notes
¥-valve Start of warm sector
10 Hz GOF Magnet
40m Start LEReC
63m End LEReC U-Turn
G4m 1 meter space needed?
409 MEF M1 LF Schottky resonant PU [BPM)] Likley abandoned
H.3 MEFP M2 LF Schottky BPM for centering  Likley abandoned
435 KKR-1 Hybrid Kicker [0.25m]) Mot needed, future use?
13 R-5C Ceramic PU
686 R-SC FU Ezisting
69 R-5C PU New desi Future
72.5 ¥-valve End of warm sector

Low Energy RHIC electron
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Sector 2 Modifications
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Sector 2
¥i2 Meters  Yellow Inner After Relocation BO2 Meters  Blue Quter
5 from P2  Label Name Notes 5 from P2 Label Name MNotes
2594 4 it 4 Start of warm sector 2594 4 Start of warm sector
10 Hz GOF Magnet 10 Hz GOF Magnet
MBPMZ Moveable BPM [LF Schottky) 25965 KKR-2 BBQ Kicker [Im]
2598 1.5 IPM-H Y-lonization PM horizontal
Beam Loss Monitor 25985 249 KKR-2 PLL BEQ PU [1m] Moveable]
29993 12 KKR-2 Hybrid Kicker [0.25m) can remove
2601 435 TMKH ARTUS Kicker Horizontal [start]
461 TMKH ARTUS Kicker Horizontal [start] 2m long 2603 461 TMKH ARTUS Kicker Horizontal [end]
481 TMKEH ARTUS Kicker Horizontal 2m long 26041 183 EDY Electron Det ¥ can remove
2605.1 EDY Electron Det ¥ can remove
~4 Meters open space
Yacuum pump
2608 53 TMEKY ARTUS Kicker ¥[or Bunch-by-Bunch longit damper) 26088 53 LM Lumi-Mon [6-way eross only] can remove
2610 55 TMEKY ARTUS Kicker ¥[or Bunch-by-Bunch longit damper) 2610 55 IPM-¥ | B-lonization PM Yertical
261 ¥acuum pump
2612 58 T¥C Space where Traveling Wave Cavity used to be [now available]
11} GCK-TM ARTUS Kicker ¥, 2m [or Bunch-by-Bunch longit damper?]
B2 GCK-TM ARTUS Kicker ¥, 2m [or Bunch-by-Bunch longit damper?]
2617 4 61.8 SC Long Pick-up [start]
64 SC Long Pick-up [middle]
11 SC Long Pick-up [end)
&7 Button EPM 2622 &7 Button BFM
2623 30 YCM 26235 68 WCM
26143 &6 OCCT 2624 3 G&.6 OcCT
3] HF Schottky PU &3 HF Schottky PU
Pin diodes [2]
il Mew Long 5C pickup
26284 ¥-valve, End of varm sector 26284 End of varm sector

Low Energy RHIC electron Cooling BROOKHIVEN
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