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Introduction

We give the stopping power of the CLAS HD target for various particles. The
purpose of this work is to check whether particles for a given reaction and kinematic can leave the CLAS HD target to be detected. The program computes
the Bethe-Bloch formula for heavy particles and the standard exponential radiation length loss for electrons. The program is not a Monte-Carlo and hence is
suited only for one vertex reaction with particle living long enough to reach the
detector. In particular, we inspect whether it is possible to measure the ep → ep
elastic reaction, in which both the proton and the electron are detected.
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Experimental setup

The amount, and type of material used for the calculation is given in [1] (February 2011 version). The geometry of the material relevant to the energy loss is
assumed to be the following:
• HD cell: cylinder of 1.5 cm diameter and 5 cm length;
• Cooling wires: contained in the HD cell. Amount of material described in
[1];
• Inner vacuum can: cylinder of 1.5 cm diameter and 5 cm length;
• Pick-up/RF coil holder: cylinder of 1.5cm diameter and 5 cm length;
• Main solenoid: cylinder of 3.7 cm diameter and 40 cm length, centered on
the cell;
• LHe can and 80K shield. Assumed to be long enough so that all particles
must exit through their sides;
• Safety coil: cylinder of 14.78 cm diameter and 28 cm length, centered on
the cell;
• Start counter: we assumed the material is always parallel to the particle
trajectory.
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Proton energy losses

We detail the proton energy loss. For other particles, we simply give the overall
result. We assume that the particle starts from the center of the target. We
used protons with initial kinetic energy of 5 MeV (or more if significant losses
occur) so that the Bethe-Bloch formula is applicable.

3.1
3.1.1

Detailed losses
Loss through HD

Figure 1:
Proton energy loss through the HD material.
The top plot above gives the final kinematic energy (vertical scale) vs initial
kinematic energy (horizontal scale on the left, going from 0 to 60 MeV) vs the
proton angle (horizontal scale on the right, with the angle from 0 to 180o ). from
this plot, we see that only protons that have at least about 20 MeV of kinetic
energy can pass through the HD material if their angle is 90o (angle of a particle
crossing a minimum amount of HD).
The bottom plot gives the same information, but with the vertical scale
(proton final kinematic energy) color coded.
The “horns” near 10o and 170o correspond to the transition between the case
when the proton exits through the side wall of the target and the case when it
exits through the beginning or end caps of the target cylinder.
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3.1.2

Loss through cooling wires

Figure 2:
Proton energy loss through the cooling wires.
The figure above shows that the losses through the cooling wires are negligible.
3.1.3

Loss through target KelF

Figure 3:
Proton energy loss through the cell KelF.
The figure above shows that the losses through the cell KelF are negligible
except near 10o and 170o (where they are still small).

3

3.1.4

Loss through inner vacuum can KelF

Similar as for the section above.
3.1.5

Loss through coil holder KelF

Figure 4:
Proton energy loss through the RF/pick-up coil holder KelF.
3.1.6

Loss through main solenoid super-conducting wires

Figure 5:
Proton energy loss through the main solenoid SC wires.
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3.1.7

Loss through LHe can and 80K shield

Figure 6:
Proton energy loss through the Al LHe can and 80K shield.
3.1.8

Loss through safety coil

Figure 7:
Proton energy loss through the safety coils.

5

3.1.9

Loss through start counter

Figure 8:
Proton energy loss through the start counter.
Losses through the start counter are about 5 MeV.
3.1.10

Loss through 2 meter of air

Similar as above. The looses are about 5 MeV.

3.2

Total loss

Overall, the sum of all proton energy losses is given in Fig. 9. (Note the
difference of scale for the initial kinetic energy.)
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Figure 9:
The total energy loss for protons. Protons emitted at 90o that have 55 MeV
initial kinematic energy or more can be detected. For protons at 30o or 150o ,
the initial kinetic energy must be 78 MeV or greater.
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Charged pion energy loss

The sum of all pion energy losses is given in the figure below (Note the difference
of scale for the initial kinetic energy compared to Fig. 9.)
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Figure 10:
The total energy loss for pions.
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Charged kaon energy loss

The sum of all kaon energy losses is given in the figure below (Note the difference
of scale for the initial kinetic energy compared to previous figures.)
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Figure 11:
The total energy loss for kaons
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Charged sigma energy loss

The sum of all sigma energy losses is given in the figure below (Note the difference of scale for the initial kinetic energy compared to previous figures.). This
assumes that the sigmas decay after having crossed all the materials, which is
almost never the case (sigma τ c = 4.4 cm). Under this simplification, the losses
are comparable to the proton losses because of their similar masses and absolute
charges.
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Figure 12:
The total energy loss for kaons.
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Elastic ep → ep kinematics

The kinematics for the elastic reaction using a 3 GeV electron beam is superimposed on the proton energy loss results in Fig. 13
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Figure 13:
The proton energy losses (left top graph and colored right top graph, results
already given in section 3.2) together with 3 GeV ep → ep elastic kinematics
(black line on top right plot and bottom plot). The line on the top plot is the
elastic proton angle versus its kinetic energy. The line on the bottom plot is the
elastic kinematic for the electrons corresponding to protons of kinematic energy
greater than 55 MeV.
From the bottom plot, it appears that to be able to detect elastic protons in
coincidence with electrons, we would need to detect electrons at angles between
340 and 360 degrees, which is not possible (detector geometry and too low
cross-section). We conclude that it is not possible to detect the ep → ep elastic
reaction and elastic calibration should be done using the ep → e(p). We verified
that this is true at any of the JLab beam energy.
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