
  1 / 22

Optics for mistuned spectrometers 

Eric Christy
Hampton University / Jefferson Lab

Thir Gautam
Hampton University

Hall A / C Analysis Workshop
Summer 2018



  2 / 22

Challenge:  Determine optics for mistuned spectrometer if 
                    qualiity optics were taken with a nominal  tune
 

→  Nominlal tune consistist of a particular set of B*dl ratios 
  
                       eg.  B*dl (Q1) / B*dl (D) = 0.25

→  Mistuned setting consists of one or more magnets set to wrong ratio

                       eg.  B*dl (Q1) / B*dl (D) = 0.23

Solution:   Utilize optics model (eg. COSY) to determe corrections 
                   relative to nominal tune, eg.
 

Even if forward transport model is not perfect we expect that small variations 
about nominal tune can me modeled accurately.

X 'tar
sat

(x fp , x ' fp , y fp , y ' fp) = X 'tar
Nominal

(x fp , x ' fp , y fp , y ' fp) + Δ X ' tar(x fp , x ' fp , y fp , y ' fp)
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Formalism

The forward transport matrix takes vector at target and maps to vector at focal plane  

x f = M if x i

xt ( y , x ' , y ' ,δ) = M fi xf (x , y , x ' , y ' )Recon: 
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The reconstruction matrix takes vector at focal plane and maps to target  
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Optics correction for saturated Q1

●  Generated MC sieve slit events using the model of the spring 2016 sieve slit 
for          both nominal as well as saturated MC events

●  Fit both MC in the same way as data because it gives same matrix format as 
data

          

Goal: To generate the Q1 saturated optics corrections for the data using MC

What was done?: →     Simulated events uniformly generated for target Y and 

                                        angles calibration 

                                   → Simulated elastic events in SIMC for momentum calibration

X 'tar
sat

(x fp , x ' fp , y fp , y ' fp) = X 'tar
Nominal

(x fp , x ' fp , y fp , y ' fp) + Δ X ' tar(x fp , x ' fp , y fp , y ' fp)

From MC

Although MC does not accurately predict the nominal optics we expect 
MC can accurately describe small variation in optics due to small change in fields 
of the individual magnets

For example:
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X ' tar
Nominal = A0000+A1000 xfp+A0100 x ' fp

2 +A1100 x fp x ' fp ........

For example for X’
tar 

matrix:

Δ X ' tar(x fp , x ' fp , y fp , y ' fp)=B0000−A0000+(B1000−A 1000) x fp+(B1100−A 1100)x fp x ' fp+........ .

●  Correction factors determined as a differences of mistuned and nominal 
reconstruction matrix elemens from optics model:

   

→  Correction factors determined order by order in target variable expansion

→  Must use same order expansion as in data for consistent expansion. 

→  If using COSY in both data and MC then determination is farily trivial.
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But Hall A Analyzer uses different format from COSY and 
rotated coordinates at detectors.

How To deal with this?

For GMp we decided it was easier to simply use the COSY 
Based Monte Carlo to generate optics pseudo data for 
Sieve slit and e­p elastic ­scans

=>  Then we could simply use the existing data optimization 
code to determine the reconstruction matrices in the same 
format as the Analyzer
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Target y calibration for nominal MC
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Optimization results of MC  x’tar and y’tar 
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Results of Momentum calibration for 
Nominal MC
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Target y calibration for mistuned MC
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Results of optimization of  x’tar and y’tar 
mistuned matrix
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Results of Momentum calibration for 
mistuned MC
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Apply procedure to mistuned case due to 
uncorrected Q1 saturation



  

Data vs SIMC for Q1 saturated kinematics (uncorrected)

Q1 8% reduced B*dl from nominal tune

Quads focus in one direction and defocus in other
=>  expect that utilizing nominal Reco MEs for mistuned Q1 will result in smaller
      distribution in in-plane angle and larger distribution in out-of-plane angle.
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Corrected GMp K34 kinematics
  



  

Data vs SIMC for no corrections to saturation



  

Data vs SIMC with corrections to saturation



  

Data vs SIMC for no corrections to saturation



  

Data vs SIMC with corrections to saturation
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Example correction applied to DVCS saturated kinematics 
for Z target 

From Bishnu Karki (DVCS)

Multifoil carbon run for with Q1 saturation
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