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SBS GEn
Super BigBite Spectrometer

Target Magnetic Field Shielding
 The target is polarized 3He inside a magnetic 

holding field produced by a pair of 
Helmholtz coils.

 The shielding eliminates fringe fields.

 It is double walled in order to reduce the 
amount of material needed for this shielding 
as it reduces the strength of the field as it 
crosses the gap between shielding walls

 Shielding plates are 1008 Steel

Designed and modeled Double Wall Floor 
Panels at the corners of the Target Magnetic 
Field Shield where it overhangs the pedestal 
deck. 

Double walled 
floor panel
(4 Corners) 

Designed and modeled shielding plates for the 
underside of the pedestal to simulate the double 
wall shielding of Target Magnetic Field Shield

Pedestal Shielding Plates
Typical for the underside 
of entire pedestal

Pedestal Deck

Dan Young

Target Magnetic 
Field Shield

Hall-A 
Pedestal

Double walled floor panel 
All 4 corners

Access 
Platforms

HALL A



Torus – Modeling of the magnetic field
Modeling the actual conductor layout for the torus magnet in Hall B to improve matching with the measured field data

 Step 1 - Actual averaged data from all coils significantly improved the comparison (0.05% at 46.5 cm on radius and 0.5% on 30 cm
radius)

 Step 2 – Varying the thickness of the modeled coils close to the hub near the bends

 Bulge the coil corners outwards (both DS and US
ends) by 2 mm – results did not match field
measurements sufficiently well.

 Theory postulated that perhaps the hub welds were
magnetic. This was modeled and residual
magnetism measurements were carried out –
results were inconclusive

 Compress coil corners inward by 8mm only on the
DS end of the torus coil near the hub – Mapping
data provided, Physicists are reviewing the
calculation results

Probir Ghoshal

HALL B

*

*

* - ‘Normal ‘ refers to surveyed average coil dimensions with contraction from 300 K to 4.5K allowed for



EMC-SRC Detectors
Detector mounts/positions to clear future experiments

Detector mounts to clear existing cable trays

Downstream Beamline
Investigate and document As-Built condition

Investigate pipe configurations for future experiments

Dan Young

HALL C



Investigated and provided 
information regarding the particle 
path thru the Bender Magnet 
shielding as well as the  location of 
the lead and tungsten shielding with 
the SHMS at min angle

Dan Young

HALL C Bender Magnet



• Existing 75 mΩ dump resistors of SHMS Q2/3 and 
Dipole triggered quench-backs and induced long 
recovery time (Fig. 1) and high temperature rise (Fig. 
2) with fast discharges from high currents.

• Fig. 3 shows that the critical currents of Q2/Q3 
magnets are always larger than the decay current 
with 7.5 mΩ dump resistor. Fig. 4 illustrates the 
Dipole’s critical current is always larger than the 
decay current with a 25 mΩ dump resistor. No 
quench-back is expected for both of them.

• 7.5 mΩ and 25 mΩ dump resistors, manufactured by 
Switzerland’s Widcap AG, are now here at Jefferson 
Lab.

• Test schedule of modified dump resistors: early 
August 2019. Cryogenic impact to other Halls is not 
expected. Test currents will be 3660 A (Q2) and 3450 
A (Dipole).

• Journal Paper: Quench-back Management for Fast 
Decaying Currents in SHMS Superconducting 
Magnets at Jefferson Lab
 Accepted with minor revisions by IEEE Transaction on 

Applied Superconductivity Journal 
 Submitted the second revision on June 26, 2019.

Optimization of SHMS Magnet Dump Resistors
Eric Sun

HALL C

Fig. 1 Fig. 2

Fig. 3 Fig. 4



Magnet Design
iBDS1a and iBDS1b: dipole 
corrector magnets. the electron 
beam line goes through the bore of 
and requires a shielding solution 

PEP-II resistive magnets

Renuka Rajput-Ghoshal

EIC

iBDS2 is a 800 mm 
bore 4.42 T magnet

• Preliminary design completed for 
all quadrupoles, skew 
quadrupoles, solenoids, corrector 
magnets for Ion and Electron 
beam lines in the interaction 
region for the updated lattice file 
for higher COM energy.

• Updating the Interaction Region 
magnet design part of the p-CDR, 
magnet design section has been 
updated, magnet interaction and 
shielding work is in progress.

• Investigating design options for 
7.6 T cooling solenoid (1 x 1.25 m 
long, 5 T; 1 x 2.5 m long, 7.6 T) 
and other ICR magnets (revisiting 
the coil length of magnets to fit 
into a 11.4m cryostat).



• Preliminary Design Review held June 19

• Team on the right path and making good 
progress

• Cycle work

• Max CHL support needed is 5g/s

• 15K, 12K and 8.4K target supply temperatures all 
being incorporated with two and one time possible

• 4K supply and return as now but more capacity

• Building layout

• Well along in hardware selection and location

• Significant thought has gone into developing designs 
for safety and reliability and maintenance

• Need to do hardware testing and refurbishment

• Leak test the cold box – near future

• Compressors maintenance and testing by a 
specialized vendor planned

ESR 2 TL 
(orange)

ESR Cold Box 
Room

ESR 2 
Compressor 

Room
ESR 2 TL 

(pink)

Dave Kashy

CRYO – ESR2



HD Ice Dump Solenoid (UITF)

New project

• Required by the HD Ice 

Team to enable focusing of 

electron beam

Dave Kashy

HDIce



HD Ice Dump Solenoid

• New project

• Multiple versions analyzed 

• Power supply identified and loan agreed to (spare from DC power group), EPICS 
programming complete, 480V welding outlet connection installed (plug and 
play)

• This set the design parameters for the winding

• Magnet needs to be operational in UITF by 9/30/19

• Procurement plan: JLab to order major materials and have mandrel (spool) 
built, get a vendor to insulate/wind coil on mandrel

Parameter Unit Value

Bore mm 254

Length mm 500

Current Amp 342

Voltage V 43.2

Conductor mm x mm x mm 10 x 10 x 7.5 id

LCW Flow gpm 3

Dave Kashy

HDIce



HD Ice Dump Solenoid

Transfer UP (1: US section)
Iop = 34 A, ~0.28 T

Transfer UP (2:DS section)
Iop = 34 A, ~0.53 T

Transfer DN (1:US section)
Iop = 34 A, ~0.25 T

Transfer DN (2:DS section)
Iop = 34 A, ~0.32 T

HD Holding Coil
Iop = 59 A, ~1.095 T

Dump Solenoid (Under Design)
Iop = 343 A (Nom), ~0.26 T

Magnet Type r1 (mm) r2 (mm) z1 (mm) z2 (mm) N_lay N_turns (Total) I_A Length (mm)
Length (mm)_as 

defined by Charles
Curr Den 

(A/mm^2)
Centre of 

Coil_Z (mm)
Central field 

(T)

Transfer UP (1: US section) 109.54 110.56 1065.42 1170.67 4 1603 34 105.25 105.30 507.68013 1118.05 0.280728

Transfer UP (2: DS section) 109.54 110.56 1175.92 1485.92 4 4675 34 310.00 310.00 502.68817 1330.92 0.525376

Transfer DN (1: US section) 41.33 41.83 1497.19 1592.41 2 746 34 95.22 95.22 532.74522 1544.80 0.251195

Transfer DN (2: DS section) 38.15 38.66 1597.98 1903.82 2 2395 34 305.84 305.84 522.05946 1750.90 0.324503

HD Holding coil 35.66 36.68 1910.82 2310.82 4 6004 59 400.00 400.00 868.22549 2110.82 1.095100

Dump solenoid 127.762 211.318 2438.4 2911.26 8 360 343.5 472.86 475.00 3.1298176 2674.83 0.267071

Probir Ghoshal

HDIce



Ruben Fair

MOLLER Spectrometer CD0 to CD1 Action Plan



 Basis of Estimate complete

 Down select of DS Hybrid v Segmented 
coil design underway 

 FMEA underway  Risk Register
Ruben Fair

MOLLER



 Down select of Helium v Vacuum environments underway

JLab team assisting with this task

Ruben Fair

MOLLER



Magnet Designs
• Optimized coil designs for upstream magnet and two designs for downstream magnet, hybrid and segmented. 

• All designed for 100psid LCW

• All meet all pre-set specs for current density and temperature rise

• All designs have simpler winding designs compared to previous designs

Upstream

Downstream

Sub-Coil #1

Sub-Coil #2

Sub-Coil #3

Sub-Coil #4

Upstream DS Segmented
DS Hybrid

Direction of beam

Dave Kashy / Randy Wilson / Sandesh Gopinath

MOLLER



Collimators 1 and 2

• Complete redesign (design) of collimators 1 and 2 
for Moller

• Mating C1 and C2 eliminates possible alignment 
errors

• New design creates less background and has 
simpler water cooling connections

• All parts detailed to obtain updated cost 
estimates

• Helium to Vacuum window designed and some 
prototype welds attempted, E-beam welding is 
next, brazing an option

• Final design must wait until we get the heat load 
distribution along the length

• Invention disclosure of “Ultra-Compact Pipe 
Coupling” submitted

Dave Kashy / Randy Wilson

MOLLER

Weld demonstrator

0.003” Al window

Col #2

Col #1

Exit beam pipe with coupling



Beam Pipe
• Preliminary Design for helium pipe completed to allow simulations

• Materials for design confirmed available

• Weld demonstrator complete and successful:

• 0.035” x 0.065” tube walls

• Straight and leak tight

Dave Kashy

MOLLER



FLUENT

•Conductor 
temp 

•Fluid 
pressure 
drop

THERMAL

•Insulation 
temp 
distribution

STRUCTURAL

•Thermal 
strain

•Gravity + 
mag forces

•Insulation 
shear

• Objectives: To understand thermal stress distribution in Moller 
Magnet coils, to estimate coil motion and shear stress in the coil 
insulation

FLUENT WB thermal

Magnet Coil Thermal Analysis
Sandesh Gopinath

MOLLER



Utilizing ANSYS & MAXWELL
(magnetic field calcs from MAXWELL are a good match with results from OPERA)  

US Torus - MAXWELL (B field)

US Torus - ANSYS structural (gravity + mag forces)

Magnet Structural Analysis
Sandesh Gopinath

MOLLER



Randy Wilson

SLAC LCLSII + Test Lab

Final design task for the SLAC LCLS II project was a pair of seismic rated Gas Analyzer
Cabinets. Fabricated at Jefferson Lab.

Cabinet Model Finished Cabinet Assembly/Detail drawing for JLab fabrication

Developed model and drawing of access ladder for test lab project .



• Ruben/Probir: Hall B SC Magnets punch list: >90% completed

• Dave: Hall B Torus burped and warmed to 80K by D. Insley following the written procedure and no 
changes were required

• Dave: Hall B Solenoid helium level unstable, had techs pump u-tubes and solved

• Renuka: Involved in the Hall C NPS Experiment Readiness Review

• Renuka: Involved in the review of Injector solenoid spare coils/magnets

• Dave: Did preliminary cooling calcs on raster magnet for Jay Benesch

• Dave will be presenting an ‘Introduction to Cryogenics’ talk to the Graduate Students at the August 
21 Pizza Luncheon

• Dave: Still working to get folks to communicate about cryo operations using the esr-users@jlab.org
e-mail list, latest examples of missed communication:

• Cryo did not communicate the 15K supply U-tube failure until prodded

• Hall C target cool-down not communicated even after HCLOG was updated

Dave Kashy / Ruben Fair / Probir Ghoshal / Renuka Rajput-Ghoshal

Other Work

mailto:esr-users@jlab.org
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FEA results (insulation is modeled with
gaskets)
10-stack test results of coil sample at 4.2 K

Mechanical Analysis of Coil
Novel Gasket-based Nonlinear Analysis of Superconducting Magnets

• To better predict the overall stress/strain of a coil, a more accurate analysis method is needed.

• Present analysis methods assume the coil as either linear isotropic or linear orthotropic, which is far from reality.

• Gasket-based nonlinear analysis is the first of its kind to use the stress-strain curve of a 10-stack Nb3Sn coil sample as an input to the nonlinear analysis.

• To implement it, the gasket material property is obtained by subtracting the property of the SC cable from the stress-strain curve of a 10-stack coil sample. 

• Stress-strain relationship is computed using a 10-stack coil model (with gaskets). The FEA result is then compared with the test results to validate  the property 
of the gaskets.

• The new method can improve the accuracy of the analysis by up to 45 times depending on the layer granularity of the model.

 This type of analysis could prove to be crucial for designing high field magnets employing Nb3Sn superconductor (EIC, Hi-Lumi, FCC……..)

0.15 mm 
thick gasket

0.3 mm 
thick gasket

1.525 mm 
thick  SC cable

Gaskets can simulate 
complex strain-stress 
relationship.

Difference = 0.78%

Eric Sun

Other Work



Modeled and modified coil components to reflect a 
variety of iterations to aid in engineering analysis and 
simulations

Coil Structure Modeling
(with Eric Sun)Dan Young

Other Work

Aluminum force collar

Yoke steel

Aluminum shell

Load key

Pretension rod

Stainless helium vessel

Coil (SC cables + insulation)



1. Manuscripts Published and under review/accepted

 Mark Wiseman , Chuck Hutton , Fanglei Lin, Vasiliy Morozov, Renuka Rajput-Ghoshal, “Preliminary Design of the Interaction Region Beam Transport Systems for JLEIC” ”, IEEE Trans
on Appl. Superconductivity, V29 (5), August 2019

 R. Rajput-Ghoshal, R Fair, P K Ghoshal, C Hutton, E Sun, M Wiseman,, “Conceptual Design of the Interaction Region Magnets for Future Electron-Ion Collider at Jefferson Lab”, IEEE
Trans on Appl. Superconductivity, V29 (5), August 2019

 E Sun, P K Ghoshal, R Fair, S Lassiter, P Brindza, “Quench-back Management for Fast Decaying Currents in SHMS Superconducting Magnets at Jefferson Lab”, IEEE Trans on Appl.
Superconductivity (Accepted, June 2019)

 P. K. Ghoshal, D. Chavez, R. Fair, S. Gopinath, D. Kashy, P. McIntyre, T. Michalski, R. Rajput-Ghoshal, A. Sattarov, “Preliminary Design Study of a Fast-Ramping magnet for Pre-concept
Design of an Electron-Ion Collider at Jefferson Lab”, IEEE Trans on Appl. Superconductivity (Accepted, June 2019)

 V.S. Morozov, R. Ent, Y. Furletova, F. Lin, T.J. Michalski, R. Rajput-Ghoshal, M. Wiseman, R. Yoshida, Y. Zhang, G.L. Sabbi, Y. Cai, Y.M. Nosochkov, M.K. Sullivan, “Full Acceptance
Interaction Region Design of JLEIC”, presented at 10th International Particle Accelerator Conference (IPAC’19)

Publications / Conferences

2. Preparation in Progress for Submission to Magnet Technology (MT26) Conference (Vancouver, Canada) – Sept-Oct’2019 and NAPAC- Sept 2019

 R. Rajput-Ghoshal, R. Fair, P. K. Ghoshal, “Optimization of the Interaction Region Quadrupole Magnet for Future Electron-Ion Collider at Jefferson Lab, Accepted ORAL Presentation,
IEEE Trans on Appl. Superconductivity

 E Sun, P Brindza, R Fair, P K Ghoshal, S Lassiter, “Test Results of Quench-back Management Due to Fast Decaying Current and AC Losses in SHMS Superconducting Magnet at
Jefferson Lab”, Accepted POSTER Presentation, IEEE Trans on Appl. Superconductivity

 D. Kashy, R. Fair, P. K. Ghoshal, R. Rajput-Ghoshal, “An Investigation of the Electromagnetic Interactions between the CLAS12 Torus & Solenoid Superconducting Magnets at JLab”,
Accepted POSTER Presentation, IEEE Trans on Appl. Superconductivity

 R. Rajput-Ghoshal, F. Lin, T.J. Michalski, V.S. Morozov, M. Wiseman, C. Hutton, “Interaction Region Magnets for Future Electron-Ion Collider at Jefferson Lab”, Accepted ORAL
Presentation, North American Particle Accelerator Conference (NAPAC’19)

3. Preparation in Progress for Submission

 R. Fair, et al, “Superconducting Magnets for CLAS12”, In Progress (JLAB Internal review) for NIM A (Elsevier Publications)
• Revision 2 in progress after comments from Physics (Daniel and Volker) by 6/27/2019
• License approval/permission from IEEE (USA) complete and Institute of Physics (UK) in progress (with Rhonda and DeLisa, Legal)



Support for External DOE Reviews

 FRIB – Facility for Rare Isotope Beams (MSU) – SC magnet design – R. Fair, P. Ghoshal

 NSTX-U – National Spherical Torus Experiment – Upgrade (PPPL) – Resistive coil design – R. Fair, R. Rajput-Ghoshal

 Mu2e – Muon to Electron Conversion Experiment (FNAL) – SC magnet design – R. Fair

 MPEX – Material Plasma Exposure Experiment (ORNL) – SC magnet design - R. Fair

 Hi-Lumi LHC – High Luminosity Large Hadron Collider (FNAL) – SC magnet design - R. Fair, P. Ghoshal

 LSST - Large Synoptic Survey Telescope – Cryogenics – D. Kashy

 US-ITER – US Contributions to the ITER Project – SC Magnet design – R. Fair



Team Medium – Long term Strategic View
1. MOLLER–Related

a. Development of tool to translate information from NX CAD models to OPERA (Sandesh, Randy, Probir)

b. Training on using MAXWELL and ANSYS for structural analysis (Sandesh)

2. EIC-Related

a. Development of design tools to support magnet design iterations (Ruben, Probir, Renuka)

b. Development of modelling techniques for coil structures (Eric, Dan)

c. Training with LBNL on using ROXIE for accelerator magnet design optimization (Renuka, Ruben)

3. General

a. Mentoring of engineers (Dave)

b. Database of Magnet-Related Design Tools (Probir)

c. Identification (development?) of local shops for ‘simple’ magnet fabrication projects (Dave)



Backup



Dave Kashy

CRYO – ESR2



JLab *.cond and *.stp files are 
provided to the collaboration for 

particle tracking and GEANT 
analysis

Conductor layout for DS 
segmented toroid

*.stp for DS segmented 
toroid

JLab layout - Segmented DS torus

Magnets – Design data translation and control

Transferred back to CAD designer to 
check that the coils are clear of all 

particle envelopes of interest

Probir Ghoshal

MOLLER



Magnet Design

• Updated the preliminary design of all quadrupoles, skew quadrupoles, solenoids, corrector magnets
for Ion and Electron beam lines in the interaction region for the updated lattice file for higher COM
energy.

• Working on updating the Interaction Region magnet design part of the p-CDR, magnet design section
has been updated, magnet interaction and shielding work is in progress.

• Currently main focus is on iBDS1 and iBDS2, the first two dipole magnets. The iBDS1 has 3 sets of coils
and the electron beam line goes through the bore of this magnet, and requires a shielding solution for
this magnet. The iBDS2 is a very large bore (800 mm) 4.42 T magnet, examining the design feasibility
and option for this magnet - the coil layout for this magnet and some of the deign options are shown
in the next slide.

• Investigating design options for 7.6 T cooling solenoid (there are 2 different types of cooling solenoid,
one 1.25 m long and 5 T field and other one 2.5 m long and 7.6 T field) and other ICR magnets (current
assumption is that 2 x 4m superconducting dipoles, a superconducting sextupole and superconducting
quadrupole can be fitted into a single 11.4m long cryostat, present coil design and estimate for other
components show that it would require just under 12.2 m of length to accommodate all these
requisite elements. Revisiting all the coil length of these magnets again).

• Involved in the Hall C NPS Experiment Readiness Review

• Involved in the review of Injector solenoid spare coils/magnets

Renuka Rajput-Ghoshal

EIC



Magnet Design
Renuka Rajput-Ghoshal

EIC

Bx By

iBDS1a RBEND 0.75 4 38.5 48.5 0.22 1.32 0 TBD TBD Warm 4.5 TBD

iBDS1b RBEND 0.75 4 38.5 48.5 -0.19 1.32 0 TBD TBD Warm 4.5 TBD

iBDS2 RBEND 8.00 4 40.0 90.0 0.00 -4.42 0 TBD TBD Warm 4.5 TBD

Spin 

Rotator 

solenoid

2.5 TBD 5 7.64 TBD TBD Warm 4.5 TBD

Spin 

Rotator 

solenoid

1.25 TBD 5 4.92 TBD TBD Warm 4.5 TBD

Detector region ion elements

200 GeV/c protons

Solenoid 

[T]

Good field 

region

Field 

Homogeneity/

Multipole 

components

Warm 

bore/cold 

bore

Operating 

temperatute 

(K)

Thermal 

shield 

required 

(?)

Element 

name
Type

Magnetic 

Length [m]

Good 

field 

radius 

[cm]

Beam 

Pipe 

radius 

[cm]

Outer 

Radius 

[cm]

Dipole field [T]



Coil Layout-iBDS2

Possible options

• Option 1: Current Specification

• Possible with NbTi only if operating at lower temperature, 

• Option 2: Same bore size, same length and reduce the field

• Field reduced to 3.8 T,

• Reduced field results in reduced integrated field

• Option 3: Same bore size, reduce the field and increase the length for 
same integrated field

• Field is 3.8 T, magnetic length increased for same integrated field,

• Solution is possible, but magnet coil end-to-end is 10.45 m

• Option 4: Reduce the bore and keep the field and length same

• Field 4.42 T, magnetic length 8 m, possible solution reduced the 
coil bore by about 16% (from 400 mm bore radius to 330-340 mm 
bore radius)

Renuka Rajput-Ghoshal

EIC

Coil end to end length= 9.4 m
Coil inner diameter =850 mm

Summery of Possible Options
1. Reduced operating temperature
2. Reduced Integrated Field
3. Increased physical length of the magnet
4. Reduced bore 



SC Magnets Punch list
Ruben Fair

HALL B


