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Topics 
● Pass 2 Calibrations

○ Software
○ Status

● Utility
○ Data parsing
○ HCal

● HCal GMn Performance
○ Resolution
○ TDCs and Timing

● HCal Detection Efficiency
○ Anticut method
○ dx direct method

● Current Work
○ GMn/nTPE
○ Documentation
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*Estimated, simplified timeline



Pass 2 Calibrations - Software
● HCal - written and configured

○ Alpha Parameters
○ Cosmic Gain and HV
○ HCal energy (discussed later)
○ HCal timing (discussed later)
○ SBS-Offline - timewalk (sbs.hcal.tdc.tw) and cluster block 

dt max (sbs.hcal.tmax)
● Monte Carlo - configured

○ e’ momentum
○ Electron arm optics
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LED Single Intensity Alpha Parameter Extraction

Cosmic Gain Matching from Waveforms

Obtain pedestal from no hit 
events per channel over many 
events

Build pedestal-subtracted 
waveforms

Build spectra from 
skewed-gaussian fits to 
waveforms. Adjust HV to match 
gain

*SBS 8 MC calibration progress courtesy JBoyd and APuckett



Pass 2 Calibrations - Status
● HCal

○ Energy - 83% complete (all but SBS4)
■ Resolving SBS4 multiple-calibration-set bugs

○ Timing - 100% complete
● Documentation - 70% complete
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Data Parsing
● Runs over all GMn data from a given kinematic with wide elastic cut effects
● Produces output tree with far fewer branches, same total events, single root file
● Can be found here: 

https://github.com/sebastianseeds/SBS-ana/blob/main/analysis/gana/parse_sh.C
○ Wide elastic cuts can be found here: 

https://github.com/sebastianseeds/SBS-ana/blob/main/src/etune.C
● Word of caution: elastic selection requires judicious HCal cluster selection not 

included in this analysis (primary cluster only here) - prior to completion of pass 2 
(at least), this tool is best used as a diagnostic
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Example - dx from the tree with wide elastic 
cuts selecting deuterium at SBS field 50% 

https://github.com/sebastianseeds/SBS-ana/blob/main/analysis/gana/parse_sh.C
https://github.com/sebastianseeds/SBS-ana/blob/main/src/etune.C


Cluster Event 
Display Tab 2

HCal Utility
● Event Displays

○ Full waveform - all channels
○ Cluster elements only - added analysis utility

● Proton Spot - timing only for commissioning
● TDC Efficiency - Calculates TDC signal efficiency with 

various reconstruction schema
● Internal timing - Estimates timing resolution
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HCal internal timing with only 
HCal information 

General Software Map with Locations



GMn Performance - Energy
● Calibrations (nearly complete for current pass)

○ Integrated ADC (pC)       E (GeV) via 𝛘2 
minimization on linear system

○ Relate total hadron E (from BB) to cluster 
elements with sampling fraction (MC)

● Post-calibration
○ MC and data agree well over all kinematics
○ Energy resolution trends towards better 

resolution at higher Q2
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Minimize



GMn Performance - Position
● Delta plots

○ Difference between cluster centroid and expected nucleon location in 
dispersive (vertical, X) and non-dispersive (horizontal, Y)

○ dx/dy RMS: HCal spatial resolution
● Simulated (no target)

○ PAC expected: proton / neutron generator with 4x4 clusters
○ This work: proton / neutron generator with 4x4 clusters, data 

digitization, and replay
● Expected / Data (preliminary)

○ Position will be impacted by                                                          
nucleon momentum and SBS field
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Expected: SBS4 LH2 SBS zero field, MC Optics/ep Calibrated (first pass) 

This Work

*PAC35, Juan-Carlos Cornejo



GMn Performance - Timing
● Corrections passed per event (channel 161 shown, SBS4)

○ Time-of-flight (TOF): order-3 polynomial fit to nucleon momentum 
from MC

○ Timewalk (TW): exponential fit to integrated ADC per block
○ Trigger: difference with e-arm hodoscope cluster mean time
○ All channel TDC RMS (HCal active area): 1.7 ns 
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GMn/nTPE Physics Deliverables
● R’’ is the experimental observable and the form factor ratio 

(FFR) on deuterium
○ Requires simultaneous measurement of protons and 

neutrons with known detection efficiency
○ Durand technique or “ratio” technique cancels 

systematic error, but in HCal we need:
■ Uniformity in detection efficiency
■ Proton / neutron efficiency ratio near unity

● With nuclear corrections, get R’, then extract GMn!
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*SBS4 Data, all

This Work

*PAC35, Juan-Carlos Cornejo



Detection Efficiency (MC) 
● Extraction of expected detection efficiency from MC

○ Simulate protons and neutrons with momentum 1-9 GeV, throw flat, populate 
1000 ev/ch

○ Get energy spectra v nucleon momentum, fit peaks to extract mean E per bin p
○ Sum events per bin passing Emean / 4 threshold (pass)
○ Sum all events per bin (total)
○ Efficiency: (pass) / (total) *100

● Digitized and replayed simulations are consistent with proposal
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This Work

*PAC35, Juan-Carlos Cornejo *GMn Analysis, Provakar Datta

No digitization and replay



Detection Efficiency: dy Anti-cut Method
● Methodology

○ Focus on protons from liquid hydrogen (LH2) with high signal to noise (SBS 
4, high elastic yield / C, relatively low Q2)

○ Account for best clusters
■ Per event, select hcal cluster which minimizes 𝛳pq of elastic hadron 

with loose coin cut
○ Expected number of elastics from W2

■  Populate “full” histogram with acceptance matching cut only
■  Get “pure” elastic sample from cuts on both arms (shape only, elastic 

cuts)
■  Fit “total” histogram to scaled elastic sample and polynomial for 

background
■  Subtract background from “full” histogram to obtain expected elastics

○ Detected elastics from W2 with harm anticut
■ Populate “anticut” histogram with acceptance matching cut and HCal 

dx/dy anticuts
■ Follow red steps above to extract missed elastics
■ Detected elastics: expected - missed

○ HCal Detection Efficiency: Detected / Expected
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Anti-cut: select only events 
outside of the blue lines. 
Elastic events are 
suppressed outside this 
region!

Elastic spot

Shape Elastic Cuts



Proton Detection Efficiency 
● HCal Detection Efficiency (HDE) with anti-cut method: 98%
● MC expected: 94%
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Detection Efficiency: dx Direct Method
● Methodology

○ Consider again LH2, SBS 4
○ Account for best HCal clusters

■ Per event, select hcal cluster which minimizes 𝛳pq of elastic hadron 
with loose coin cut

○ Expected number of elastics from W2

■  Populate “full” histogram with acceptance matching cut only
■  Get “pure” elastic sample from cuts on both arms (shape only, 

elastic cuts)
■  Fit “total” histogram to scaled elastic sample and polynomial for 

background
■  Subtract background from “full” histogram to obtain expected 

elastics
○ Detected elastics from dx with elastic cuts

■ Populate dx histogram with same elastic cuts, minimum HCal energy 
cut, and cluster selection 

■ Follow red steps above with dx histogram to extract detected elastics
○ HCal Detection Efficiency: Detected / Expected
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Shape Elastic Cuts



Proton Detection Efficiency 
● HCal Detection Efficiency (HDE) with dx-direct method: 98%
● MC expected: 94%
● Testing robustness of result with other analyses, other kinematics, and systematic studies on cluster 

selection
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Current Work
● GMn extraction

○ Implementation of new SBS field corrections and RC
○ Systematic studies on cut variables

● nTPE extraction and uncertainty estimation
● HCal Documentation / NIM paper
● Thesis!

○ Aim to graduate in December 2023
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Current Work
● GMn extraction
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○ Systematic studies on cut variables
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Questions?



Backup - TDC over all blocks
● All data from SBS8, primary block in cluster, block 161 (center of acceptance)
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HCal ADC time: Performance of various fits to waveforms (continued)

From these results, the following steps were taken:
● Gaussian Landau convolution fits are removed. After tuning FFT points with SetNofPointsFFT() to attempt to improve processing time, no acceptable limit is 

possible with sufficient data. Other, more efficient methods to return a convolution fit may exist.
● Threshold methods to obtain rising edge are effective and should be more accurate than methods that rely on the spread in the data and are thus dependent on 

the amplitude of the signal.
● Where both landau (L) and skewed gaussian (SG) rising edge values exist, alternative atime (AAt) over analyzed data is the rising edge from either L or SG is 

added to output tree for comparison with current tree atime.
● If neither L or SG rising edge can be obtained, AAt defaults to current tree atime (with batime in black).

The following plots are over three runs (11589, 11590, 11592) from SBS4 LH2 data (block 161, wide elastic cuts) with no further corrections (hodo, ToF, etc.) applied. The 
fit is applied to batime. No substantial improvement is observed on batime (or independent landau and skewed gaussian distributions as compared to atime).

Note that the appearance of a 4 
ns emergent structure is due to 
the bin width of ADC waveforms, 
not due to the RF structure from 
the injector.



Backup - HCal Specifications 



Backup - TOF fits over all kinematics
● Polynomial order 3 fits to MC time-of-flight vs nucleon momentum
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Backup - HDE simple fits
 ● Simulate expected efficiencies

○ Threshold: E_peak/4
○ Complete for all kinematics

● Proton (LH2 target)
○ Extract expected elastics using e’ track cuts and HCal 

active area cuts only
○ Extract detected elastics from HCal dispersive delta plot 

“dx” fits
○ Ratio detected/expected is observed eff.

■ 95.3%
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Simulated for large Q2 
range via G4SBS

Cut on non-dispersive “dy” 
position resolution of HCal

*plot credit: Provakar Datta, GMn Analysis Meeting Slides 11.18.22

*

● We will check these results against the MC 
detection efficiencies for fcorrected

https://sbs.jlab.org/DocDB/0003/000339/001/wSoft_gmnAna_11_18_22.pdf

