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the beam spin asymmetry as shown in Fig. 13 which shows that there is no asymmetry for

BH, separating out the BH contribution from the TCS sample, leading to an easy access

to the imaginary part of the GPDs through asymmetry. Conflicting asymmetry between

these two published theoretical predictions was resolved by the CLAS12 di-lepton group by

contacting an author of Ref. [17], who provided a hint of wrong sign during their calculation.

FIG. 13: TCS beam spin asymmetry as a function of ϕ (left) for Q′2 = 7 GeV2 and

−t = 0.4 GeV2, and as a function of |t| (right) for Q′2 = 7 GeV2 and ϕ = 90◦with θ

integrated over (45◦,135◦) [17].

Preliminary analysis framework to analyze the TCS events and extract the beam spin

asymmetry from the RG-A experimental data is detailed in chapter 4.
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CHAPTER 3

RTPC AND THE BONUS12 EXPERIMENT

3.1 THE BONUS12 DETECTOR: RTPC WITH GEM FOILS

Different kinds of detectors have been developed and used for the detection of particles in

Nuclear and Particle Physics for many years. Among the different types of detectors, gaseous

detectors are widely used. However, there were several limitations of gaseous detectors as

well, for example; inefficient performance due to low density of gaseous media, modification

of electric field inside due to the presence of large number of ions, not adequate for higher

space and time resolution, damage of readout electronics due to discharge, etc [23, 24]. Gas

Electron Multiplier (GEM) foils help to remove several of these problems by separating the

multiplication and readout functions in two different electrodes. The GEM is a thin polymer

foil known as Kapton (a polyimide), which has a thin metal cladding on both sides and a

high density of small holes. Typically, 50 µm thin insulating polyimide is used with 5 µm

copper coating on both sides and pierced holes of diameter 40-140 µm with a density 50-100

mm−2. For high gain, the hole diameter is comparable to the foil thickness and also two

third of the distance between holes [24–26]. A microscopic picture of a GEM foil is shown

Fig. 14a.

(a) (b)

FIG. 14: GEM foil (a) GEM under electron microscope (b) Electric field lines in GEM [24].
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A GEM layer is placed between the cathode and the readout electrodes (anode) inside

the gaseous detector for pre-amplification as shown in Fig. 15a. The detector is filled with

suitable ionizable gases. When a high potential difference is applied across the GEM, a large

electric field is produced near the holes as shown in Fig. 14b. With an adequate potential

difference applied across the GEM foil as well as the drift region, the electrons produced

above the GEM foil drift towards the hole of the GEM and ultimately ionize the gases by

acquiring large energy from the high electric field in the holes. This causes the multiplication

of electrons through ionization by a factor of about 100, and a large portion of these electrons

are transferred towards the anode where they are collected by the readout pad. Usually, a

negative potential is applied across the GEM which is favorable for the readout to be at zero

potential. This increases the choice of readout patterns: strips or pads. We can also obtain

a two dimensional projective readout using thin multilayer board. The gain of the GEM

depends on several factors but can be maintained to several thousands for various gases and

conditions [25]. Absence of the E x B effect in the GEM detectors also reduces the distortion

of field inside the detector.

(a) (b)

FIG. 15: Different layers of GEM in detectors (a) single layer (b) double layer [26].

Two or more GEMs can be cascaded together with a small gap between them as shown in

Fig. 15b. An appropriate potential is applied to each GEM such that electrons flow towards

the anode with proportional multiplication, each time they pass through the GEM holes.
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Fractions of multiplied electrons from the first GEM are transferred to the second GEM

and then into the induction region. The readout pattern at the anode collects avalanches of

electrons achieving a very high gain without discharge. The comparison of gains for one and

two GEM layers in a detector is shown in Fig. 16.

FIG. 16: Effective gain of single and double layer of GEM detector [26].

An important fact of the GEM detector is that the readout signal is only due to collected

electrons, with no contribution of slow positive ions. This makes the GEM detector relatively

fast, minimizing space charge problems. The proper choice of potential helps to strongly

suppress the positive ion re-injection in the drift volume, which motivated the development

of GEM Time Projection Chamber (TPC) [25, 27]. Furthermore a most powerful readout

scheme: pixel pattern is also possible for the precise measurement while using GEMs. GEM

detectors can be used for position accuracy of tens of microns and rate capabilities of 1 MHz
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mm−2 [27, 28].

FIG. 17: Padboard readout pattern in the BONuS12 experiment.

The flexibility of GEM foils allows for non-planar detectors, which are used at CERN as

well as Jefferson Lab in different experiments. The detector used for the detection of recoil

protons in the first BONuS experiment at JLab was the GEM based RTPC (Radial Time

Projection Chamber). The RTPC was a basic component of the BONuS experiment as it

was used to detect the slow moving spectator protons. Along with the upgrade of the JLab

beam energy and the CLAS spectrometer, the BONuS experimental group also proposed to

extend the extraction of observable closer to x → 1 upgrading the RTPC, an increase in

the θ and ϕ acceptance as well as resolution. In the upgraded BONuS12 experiment, the

40 cm long RTPC had 3 cylindrical layers of curved GEM foils, each layer made up of a

single foil. The RTPC had a 80 mm radius with the innermost GEM at 70 mm from the

center and the other two layers spaced 3 mm further. Other than the GEM, the detector

had a cylindrical readout board with conductive pads pattern of 2 degree in phi and 4 mm

in the z-direction, as shown in Fig. 17. There was a total of 17,280 readout pads around

the outermost cylindrical GEM of the RTPC at a radial distance of 80 mm from the center.

Longitudinal and transverse cross-sectional views of the RTPC are shown in Fig. 18.



22

FIG. 18: Transverse (top) and longitudinal (bottom) cross-sectional view of the RTPC

in the BONuS12 experiment.


