
I. Larin,

University of Massachusetts Amherst

for the pi0 TFF collaboration

JLab PAC 50, July 2022

Spokespersons: D.S. Dale, D. Dutta, L.. Gan,

I. Larin (contact person), R. Miskimen, and E. Pasyuk



2

A. Afanasev1, M. Amaryan2, A. Asaturyan3, T. Black3, W.K. Brooks4,J. Burggraf5, V. Burkert6, R. Capobianco7, D.S. 

Dale†8, S. Diehl15,7, D. Dutta†9,A. Fabrizi10, T. Forest8, L. Gan†3, S. Gevorkyan12, T. Hayward7, K. Joo7,G. Kainth7, 

A. Kim7, V. Klimenko7, V. Kubarovsky6, I. Larin†∗10, L. Lasig7,D. McNulty8, R. Miskimen†10, E. Pasyuk†6, C. Peng13, 

J. Richards7, J. Ritman14,R. Santos7, S. Schadmand14, A. Schick10, S. Srednyak11, U. Shrestha7,P. Simmerling7, S. 

Stepanyan6, I. Strakovsky1, N. Trotta7, and G. Turnberg10

1. The George Washington University, Washington, DC 20052;

2. Old Dominion University, Norfolk, VA 23529

3. University of North Carolina Wilmington, Wilmington, NC 28403

4. Universidad T ́ecnica Federico Santa Mar ́ıa, Casilla 110-V Valpara ́ıso, Chile

5. Lawrence Livermore National Laboratory, Livermore, CA 94550

6. Thomas Jefferson National Accelerator Facility, Newport News, VA 23606

7. University of Connecticut, Storrs, Connecticut 06269, USA

8. Idaho State University, Pocatello, ID 83209

9. Mississippi State University, Mississippi State, MS 39762

10. University of Massachusetts, Amherst MA 01003

11. Duke University, Durham, NC 27708

12. Joint Institute for Nuclear Research, Dubna, Russia 141980

13. Argonne National Lab, Lemont, IL 60439

14. GSI Helmholtzzentrum f ür Schwerionenforschung GmbH, D-64291 Darmstadt, Germany

15. II Physikalisches Institut der Universitaet Giessen, 35392 Giessen, Germany



3



4



5

𝑸𝟐 ≡ 𝟎
𝑸𝟐 < 𝟎
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𝑸𝟐 < 𝟎

TFF

TFF slope quadratic term
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Experiment Method Q2 range, 

[GeV2]

CELLO 𝒆+ 𝒆− → 𝒆+ 𝒆− 𝝅𝟎 0.7-2.2

CLEO 1.6 - 8

BES III 0.3 -3.1

Belle ~ 4 - 40

BABAR ~ 4 – 40

NA 62 Dalitz decay

A2
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vacuum pipe 
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28Si 28Si
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Item 𝚪(𝝅𝟎 → 𝜸𝜸)
photoproduction 

(Si target, 

PrimEx-II)

𝚪(𝝅𝟎 → 𝜸𝜸)
electroproduction

(this proposal)

𝝅𝟎TFF slope

𝝅𝟎TFF 

quadrature 

term

Yield extraction 0.93% 0.7% (vac. box) 0.7% 0.7%

Beam flux 0.8% 0.8% none none

Production model 0.45% 0.45% 0.45% 0.45%

Acceptance 0.6% 0.7% 0.7% 0.7%

Target 0.35% 0.4% none none

Event selection 0.2% 0.4% 0.4% 0.4%

Trigger 0.1% 0.1% 0.1% 0.1%

Rad. corrections <0.1% <0.1% <0.1% <0.1%

High order terms none 0.1% 2% 10%

Syst. 1.4% 1.4% 2.4% 10%

Stat. 0.8% 0.7% 6% 17%

Total 1.6% 1.6% 6.5% 20%
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Experimental phase Energy/Current Time [days]

Production, silicon target 10.5GeV / 10 nA 60

Production, empty target 10.5GeV / 10 nA 2

Setup checkout, tests, 

gain equalization, energy 

change

10.5GeV / 10 nA;

4.5GeV / 1 nA

5

Total 67
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Q: The proposed luminosity for the production data-taking is more than two orders of magnitude higher

than during the PRad experiment and three times higher than proposed in C12-21-003. In the latter, the

3-cluster trigger rate was estimated to be 25 kHz at 3.3 GeV beam energy.

A: The proposed experiment will use a 10.5 GeV beam in conjunction with a wider tungsten absorber around the
beam hole. This will help to block most of the Moller scattering events from our trigger (as described in the
proposal), while PRad and C12-21-003 would be affected by such Moller events significantly. The main
contributors to our trigger are elastic and quasi-elastic beam electrons scattering off the target at large angles in
coincidence with other accidental hits in the calorimeter. The simulated rates agree with analytical cross section
calculations.

Q: On page 15, there is a mention of a new beam halo blocker upstream of the Hall-B tagger magnet without

any details. Depending on the requirements for the blocker, the existing wire harp and the pair of the Hall-B

raster magnets currently mounted in that location may have to be removed or relocated. The wire harp is a

crucial device for beam tuning. The current arrangement decouples the beamline vacuum from the tagger

scattering chamber. Therefore, there is no need to replace the Hall-B tagger vacuum chamber window, as

mentioned on page 15.

A: We do not intend to remove the wire harp. The Hall-B raster magnets (used only for polarized targets) will
have to be removed to make way for the second halo blocker, which will be retractable similar to the HPS beam
halo blocker. It will be retracted from the beamline if it is found to have a negative effect on the background. The
exact location of this beam halo blocker will be worked out later by collaborating with the C12-21-003 group.
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Q: The experiment will detect the scattered electron and the decay photons using the PRad HyCal. It is proposed to

replace the old readout electronics of the calorimeter with fADC125. Hall-B does not have fADC125 and never used it.

The existing JLAB fADC125 modules do not support trigger setup. A new version of fADC125 is in the works but far

from a final being ready for production. The fADC125, VXS crates, or trigger modules are all new equipment that must

be purchased or borrowed. Note that the two other experiments, E12-20-004 and C12-21-003, will use the same

calorimeter and are proposing to have the readout and triggering based on fADC250.

A: The mentioned fADC-125 modules are sufficient for the proposed experiment. Using fADC-250 modules would give
better performance, and therefore are perfectly fine to use, which is mentioned on the page 15 of the Proposal: “While an
upgrade to fADC-250s is beneficial to TFF, using fADC-125s does satisfy our experimental requirements”. Since E12-20-004
and C12-21-003will use fADC-250, we will use the same as well.

Q: The proposed ~2 ns time window on page 18 for triggering to reduce out-of-time background seems very

unrealistic. There are two similar calorimeters in Hall-B, HPS, and the CLAS12 forward tagger that run cluster-based

trigger systems using fADC250. A typical time window for the trigger is 16 fADC clocks or 64 ns. For fADC125, the

window will be even larger.

A: The mentioned 2 ns time window on page 18 refers to the HyCal timing resolution. All background calculations
conservatively include timing accidentals within a 40 ns trigger window. The CLAS12 and HPS experiments successfully
use a 16 ns trigger window, which satisfies the proposed experiment needs perfectly and will be implemented.
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Q: How HyCal will be calibrated? One should note that for 12 GeV operations of CLAS12, we removed the photon

tagger focal plane counters. Re-installation is possible, but the photon energy knowledge will not have the same

accuracy as it was during the first PrimEx experiment. Also, over time vacuum in the tagger scattering chamber

degraded due to the deterioration of the chamber window. This affects the photon beam energy resolution.

A: HyCal will be calibrated on the transporter via a snake scan following the same procedure that was well established
during the previous PrimEx-I & II, and PRad experiments. Combining the proposed experiment together with E12-20-004
and C12-21-003 back to back if approved would save time as the TFF experiment can use the calibration constants from
the other experiment, if it runs just before. The purpose of the calibration is to check the status and linearity of each
module and to equalize the energy gain and timing offset of all counters. Only about 25% of the tagger counters are
required, which are T1-T5, T28-T33, T56-T61 and corresponding E-counters. The obtained energy calibration constants
will be used for the triggering and ~5% precision is enough for this purpose. The precise calibration constants for the
physics analysis will be obtained from calibration on neutral pions and Moller events using the production data. We plan
to address the issues of the vacuum window for the tagger scattering chamber by working with the E12-20-004, C12-21-
003, and PR12-22-003 groups.

Q:. Details for the second GEM detector plane? Are these the same GEM planes proposed in E12-20-004 or C12-21-

003. We strongly advise that the proponents of these three proposals work together to develop one set of tracking

detectors for the proposed E12-20-004, C12-21-003, and PR12-22-003.

A: The same GEM chambers as for the approved PRad-II experiment (E12-20-004) will be used. This experiment can run
back to back with PRad-II or another proposed experiment and use the same set of tracking detectors.


