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Photon polarimetry

• Neutral pion: po decay to g + g, polarizations

• Polarimetry for 100s MeV photons beam, e+e-

• Astrophysics: Photon of low energy, Compton

• Photon Beam: goniometer – Hall D, e+e-

• Astrophysics: Photons of high energy, g =>e+e-

• DVCS: large solid angle, several GeV photons
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Pion decay polarimetry
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Photon beam polarimetry 
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Photon beam polarimetry – triplet 

Triplet production: e+e- pair 
produced from an electron 
Cross section => ~ Z 
It is a large angle recoil, but 
low energy electron

1011 photons => 0.014 accuracy

or interpolate to 109 for 14% 
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High energy photon beam polarimetry
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High energy photon beam polarimetry

Eg = 1.6 – 2.4 GeV
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Astrophysics gamma polarimetry

Eg < 2 MeV
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Astrophysics gamma polarimetry: Si MSD

For high photon energy it is better to use MSD due to its coordinate resolution
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Astrophysics gamma polarimetr: TPC
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Physics: DVCS photon polarimetry
Gluon tomography in nucleons by �-polarimetry

Maxime Defurne

February 11, 2023

We propose to measure the degree of linear polarization of a photon produced by deeply virtual
Compton scattering, never considered but rich in terms of new information about the proton structure.
Indeed, the photon polarization is rigorously and straightforwardly related to the gluon transversity
GPDs, still completely unknown today.

1 From gluon transversity GPDs to �-polarization

1.1 A simple answer to: “Why �-polarization?”

In deeply virtual Compton scattering (DVCS), a highly virtual photon is absorbed by the nucleon
and the latter subsequently emits a high-energy real photon. At the partonic level, the process can
be described by the diagrams presented in Figure 1. The process can be described in terms of helicity
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Figure 1: The three leading-twist DVCS diagrams for all helicities of the virtual photon.

amplitudes Aµ⌫ being the amplitude of a virtual photon with helicity µ producing a real photon of
helicity ⌫. Three cases must be considered:

• Helicity-conserved amplitude A++: this is a leading-twist term. Both gluons and quarks are
contributing though diagram a) and b) of Figure 1. For symmetry reasons, A++ = A��
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DVCS photon polarimetry
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Lpair = 9/7  X0

X0
Scint       400 mm
Si            94 mm
Cu           14 mm

Qms ~ 1/p for 1% X0 detector

1 GeV, 100 µm => 10 cm
spacing between layers

The key is a two-track 
space resolution =>MSD
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DVCS photon polarimetry

• Using projected asymmetry A = 0.15 and desirable 
     accuracy of 10% the statistics of e+e- events of 4k is required.

• With detection efficiency of 1% per detector layer (1%X0 ~ 100 µm Si)
     the required number of DVCS events is 0.4M. 

      Due detector resolution will be some reduction of A, 
      so statistics of 1M is likely a lower limit.
       

With 46 layers in the statistics of 25k should be sufficient.  
Bogdan Wojtsekhowski
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DVCS photon polarimetry

Two-track coordinate resolution of the scintillator 
fiber-based system is not sufficiently good 
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DVCS photon polarimetry

Layers of micromega chamber could be the best detector 
for the DVCS polarimeter due to high coordinate resolution
also good two-track resolution.
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Detector setup for DVCS polarimetry

150 cm  x 150 cm area coordinate detector
25 layers in 500 cm depth – 25% efficiency
EM calorimeter for event selection behind 

Located 5 m from the target: 90 msr solid angle

70 msr SBS spectrometer as an electron arm

With 10 µA beam on 15 cm long LH2 target
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