
SHMS Optics and Commissioning 

Mark Jones, Hall A/C Staff 

8/24/2016 SHMS Optics for Hall C ERR 2016 1 

Super High Momentum Spectrometer 

HB Q1 Q2 & Q3 Dipole 

Collimator & 

Sieves 



Optics commissioning manpower 

8/24/2016 SHMS Optics for Hall C ERR 2016 2 

• Group of Jlab staff and users (about 18 total) meet on a 

regular basis to plan optics commissioning. 

• Experience with past commissioning in Hall A and C. 

• Core group for online analysis: 
ü Jure Bericic (Hall C postdoc) 

ü Mark Jones (Hall A/C staff) 

ü Dipangkar Dutta (MSU) with graduate student and postdoc. 

ü Ed Brash (CNU) for optimization software. 

üWiki page for the optics commissioning. 

üBasic plan follows the same concepts and ideas used for 

commissioning the Hall C HMS. 

 

https://hallcweb.jlab.org/wiki/index.php/SHMS_Optics_Working_Group


General concept for optics commissioning 
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• The scattered particle’s momentum (   ), out-of-plane angle 

(ὼ = ), in plane angle (ώ = ), horizontal position (ώ ) are determined 

from focal plane quantities: 
 

ὼᴂ  ȟώ ,ώ  έὶ  В ὅ ὼ ώ ώᴂὼᴂὼ  

 

• Need data with known target quantities to determine ὅ  

• Target ladder.   
ü Thin center carbon foil at z=0 

ü 2 carbon foils at z=+/-5 cm 

ü 3 carbon foils at z=+/-10cm and z=0. 

• d optimization done using carbon elastics. 

•  ώ ,ώᴂ and ὼᴂ optimization with carbon inelastic 

üSieve to define vertical and horizontal angles using different foil 

targets. 

üWith sieve between HB and Q1, ώᴂ selection by sieve depends on  
as ώ  (mr) = 0.153 d + 0.00153 d2 with d in %.  

For 0.1mr accuracy need Dd = 0.65%  
 



SHMS Magnet Properties 
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Magnet Integral Bdl 

11 GeV/c Setting 

Max Bdl Comment 

HB 1.929 Tm 2.34 3o bend  , Leff = 0.78m 

Q1  14.797 (T/m)m 19.9 20cm radius, Vertical focus Leff = 1.88m 

Q2 19.402 (T/m)m 23.2 30cm radius, Horizontal focus Leff = 1.64m 

Q3 12.884 (T/m)m 23.2 30cm radius, Vertical focus, Leff = 1.64m 

Dipole 11.73 Tm 13.6 18.4o bend, Leff = 2.85m 

 Quad fields set for point-to-point tune:  

ὼ ὼ  ώ ώ π ×ÉÔÈ ώ ώ ρȢφ 

First order matrix elements: 

ὼὪὴ
ὼᴂὪὴ
ώὪὴ
ώᴂὪὴ

ρȢτ π π πȢπτ ρȢφ
πȢπχ πȢχτ π π πȢσς
π πȢπρ ρȢφ π πȢρω
π π πȢςχ πȢφρ π

ὼὸὥὶ
ὼᴂὸὥὶ
ώὸὥὶ
ώᴂὸὥὶ


 

From midplane symmetry elements in red boxes should be zero 

but HB breaks the midplane symmetry. 



Setting SHMS magnets 
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• Measured B/I curve for HB and Q1 magnets. 

• Saturation in HB above 6 GeV/c setting. 3% drop at 11 GeV/c 

• Saturation in Q1 above 8 GeV/c setting. 4% drop at 11 GeV/c 

• Hysterisis is negligible  

• Simple cycling procedure 

8 GeV 

11 GeV 
6 GeV 

11 GeV 



SHMS Collimator and Sieves between HB and Q1 
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• Collimator and sieves installed and 

surveyed. 

• EPICS control GUI written and tested 

• Two sieves with holes offset in horizontal 

position to give more angle points 



HMS and SHMS EPICS Collimator Controls  
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• EPICS controls have been written and tested 

• Available from the accelerator jmenu. 

• Documented in the OSP manual. 



Front sieves 
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• Front sieves are available to help understand the HB central momentum and 

angle/position offsets. Need access to move in and out. 

• A  rail that can hold either: 

1. Active front sieve using a 10x10 cm2 GEM purchased by D. Dutta’s group 

at MSU. Experience with GEMs in PRAD in Hall B   

2. Two Tungsten sieves with offset holes. 

Drawing of GEM mount 

GEM mount in place on HB 
Tungsten sieves which use same 

mount as GEM 



Initial magnet commissioning plan 
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• Set SHMS magnets according to settings for point-to-point tune determined from 

COSY using maps from TOSCA. 

• Take inelastic data using central carbon foil at 3 pass and Q=150. 
ü Expect “hour glass” shape in the xfp vs yfp plot. 

ü Plots of xfp versus xfp where Q2 varied by +/-2% and Q1 and Q3 at optimal 

Y
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Q2 at 98% optimal Q2 at optimal Q2 at 102% optimal 

ü Waist of “hour glass” shift by 2 cm per 1% change in Q2 

ü For Q1 and Q3, center shifts by -0.4 cm per 1% change. 

ü Change Q2 current setting to match 



One pass setup 
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• Need to remove the Noble-Gas Cerenkov to achieve best resolution for optics.  

• Carbon inelastic on central carbon foil for 1 pass (2.2 GeV) and QSHMS = 150 

ü Check that “hour glass” shape is same 

• Carbon elastics for  1 pass beam (2.2 GeV) and QSHMS = 7.50 

ü Fine tune the quad magnet settings at d=0%  

ü d scan from -12% to + 25% 

 

 



 Final quad tune using carbon elastic at d=0  
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• One pass beam and Q= 7.50 for carbon elastic. 

• Use ὼ  vs ώᴂ to identify sieve holes. Insensitive to tune 

• ὼ  ὺί ώ  is sensitive to quad tune 

• Compare measured ὼ  ὺί ώ   to set of predicted 

combinations of Q1, Q2 and Q3 to determine present 

setting and iterate to optimal setting. ὼᴂ 

ώ
ᴂ
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Optics matrix optimization 
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• d optimization 
ü One pass beam and Q= 7.50 for carbon elastic without sieve. 

ü Scan SHMS momentum in 2% steps from -12% to 26%. 

• ώ ,ώᴂ and ὼᴂ optimization  
üOne pass beam and Q= 200 for carbon inelastic with sieve 

üCarbon target with 3 foils [z=10,z=0,z=-10cm] and 2 foils [z=+/-5cm] 

üData with raster to check ὼ  corrections from COSY. 

• Check optics at higher SHMS momentum  
ü Three pass beam and Q= 150 for carbon inelastic with sieve 

• Series of hydrogen elastic data at various beam energies 

and SHMS angles 
ü Use the overconstrained elastic kinematic to determined the absolute 

SHMS central momentum and angle and beam energy. 

ü Simultaneous HMS singles and coincidence data 



Summary 
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• Optics working group has plan for determining SHMS tune and optics. 
ü Based on past experience. 

ü Working on details and refinement.  

ü Core group for execution and analysis during experiment. 

• SHMS and HMS collimators are surveyed and EPICS controls are 

written and tested. 

• B/I curves measured for HB and Q1 with good agreement with 

TOSCA. Procedure for setting magnets is set. 

• Determined starting point point-to-point tune from COSY and TOSCA 
ü Set optimal tune use three pass carbon inelastic then fine tune with one 

pass carbon elastic. 

• Matrix optimization  
ü d optimization with carbon elastics at one pass and Q = 7.50. 

ü ώ ,ώᴂ and ὼᴂ optimization  with carbon inelastic at Q= 200. 

 

 


