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Ef%lﬁeggiv Tagged DIS Measurement with RTPC and SBS

N

» Measure DIS cross section, detecting high W2, Q? e- scattered from Hz and D2 targets while tagging low-momentum
recoil and spectator protons in coincidence

* Probe mesonic content of the nucleon structure function

» Access to pion structure function via Sullivan process N(e,e’N’)X, described by e scattering from pion cloud of
nucleon N (initial nucleon at rest)
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Sullivan process
Electron arm — SuperBigbite « Straw gas target (10uym Al cylinder; 5mm radius; 10um
5 GEM Trackers Al end-windows; 400mm length; 77K; 1atm H or D2)

RICH (as thresh. Cher.)
Large Angle Calo

Target and RTPC » Radial Time Projection Chamber for proton detection;
\ ~ large angular and kinematic coverage - detailed study
‘ - - "‘u\’e\’ec“on of Sullivan process as a function of proton momenta
__---X and angles
= 7 )
Beam //////////A + Solenoid (from UVa) surrounding target/RTPC
11 GeV
« SBS for e~ detection
Solenoid

UVa, 4.7 T at centre « HCal-J for neutrons in calibration runs
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Geometry of RTPC Geant-4 Model
J.RM. Annand 14th May 2014

Cyfindrical Triple GEM

o 500 mm

Window 20 ym Be Window 20 ym Be

15deg! o | 375 =
Beamine 2 mm thick Al W Coli 3 sy -
7.m bom 70 mm length
mm length

TDIS Target + RTPC

Beam

£
Outer pressuretemperature contanment vessel

Field Cage Voitage Divider Support Field Cage Electrodes
/[ Praces /(Inner Surface)

TDIS RTPC:

* Length 40cm; cylinder with radius 15cm

» “Straws’/field wires at r=5cm to set up drift region from 5cm to 15cm

* Gas: 90% He, 10% CHa (or similar) as quencher

* Temperature 77K; pressure 0.2atm

« Drift electrons amplified and detected by triple layer cylindrical GEMs
atr=15cm

Gas Port 1o HVPS

BONUS and CLAS eg6 RTPC

GEM Readout:

o  Strips in UV pattern
o A  Strip length 21.25mm, pitch 1mm, 30° angle w/ z-axis
M\ » ¢-coverage per strip 0.007698 rad
30° » z-coverage per strip 18.40 mm

/ ’ + 816.2 to cover 21 in ¢ in each layer
« 22 to cover 400mm in z-direction in each layer
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+ Geant4 (4.10.01.p02) geometry developed J.
Annand, for in-depth study of background processes

and rates
Proton background rates
Target 0, 70 < pp, < 250 | pp, > 250 | 150 < p, < 400
(deg.) (MHz) (MHz) (MHz)

'H 30-70 2.3 74 6.3
’H 30-70 357 20.1 64
’H 100 - 140 204 3.1
Al 30 - 70 0.37 0.0 0.05
ZTAl | 100 - 140 0.10 0.0

100MeV/c 250MeVic
protons . protons

* For studying RTPC Geant4 set-up used to track protons and their energy deposit
+ Incident protons generated using Monte Carlo event generator

» Generated along length of target volume

+ Gaussian smeared momentum distribution with standard deviation 1MeV/c

» 3 incident proton momenta values studied: 100, 250, 400 MeV/c

» Generated over polar angles 30 - 70°



Umvemw Geant4 and Electron Travel Parameterisation Method
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Magboltz (cern.ch/magboltz):

» Geant4 not optimal for drift/diffusion of low-energy ionised e-

* Magboltz solves Boltzmann transport equations for e~ in gas mixtures under influence of E and B fields
« Computes: drift velocities vg; Lorentz angles; transverse diffusion...

« vgin 3 components, along: E (radial); ExB (azimuthal); Br (zero/negligible, not considered further)

Drift Velocity Map

* Calculated vqfor every (r,z) point of UVa solenoid TOSCA map

* He 90%, DME 10% (C2HsO) (properties similar to CHa,), 77K; 0.2atm

» E=500V/cm; B=4.7T, Bes = 90°: radial va=4.973 ym/ns + 0.05%; azimuthal vq= 7.076 pm/ns £ 0.06%

'5250 r!|111!1111[rrl|!lrvlg1l s EZSO: 'l""l""g""l""!’ 10':2: T vy T T o cton Momentum
g Azimuthal Drift Velocity (um/ns) g Radial Drift Velocity (um/ns) e /\ ooV
§ H : H _M . E 200 E., 10° 250MeVic
H T 8 g 400MeVic
- w Proton Momentum | dE/dR |
; b (MeV/c) (kc\ /mm)
50_ 6 102 100 !
L 250 . 0%
C 400 0.05
100_ 4
L 10
50: 2
C 1
o S A A | Il !
50g(mm) 0 100 200 300 400 5°§(m,.,, dE/dR (keV/mm)

Parameterisation Method (similar to method BONUS 6GeV)

* Proton tracked step by step through RTPC volume

+ If dE/dR > threshold (values from previous background studies), ionisation assumed
» lonisation point assumed as proton step mid-point

* Drift velocity map interpolated to find starting vq values

» Change in path calculated to find new position of drift electron (using time steps 1ns )
* Repeated until GEM reached


http://cern.ch/magboltz
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of Glasgow Drift Time Comparison with He/CH4 Gas

« Drift velocity map generated using He/DME only (expected similar results to CHa)

» Compare vq for He/CH4 and He/DME (90:10) mixes

« E=500V/cm; B =4.7T; e = 90°; 77 K; 0.2 atm

« Methane mix slightly faster (upper limit ~19.5us vs ~20.15us) but overall two mixtures largely similar

« Geant4 and electron parameterisation code ran with static field values (100MeV/c), i.e. excluding interpolation to
find vq values at each electron step

« Can re-create magboltz drift velocity map as a function of magnetic field for He/CHa if necessary

Velocity Methane DME
Component (p/ns) Mix Mix
Radial 5.161 £0.06% 4.973 £0.05%
Azimuthal 4.706+0.01% 7.076 % 0.06%
e AN AL O f ....... AT T, U A
= : | : Helium/DME -
180 _ . Yt . ............ Helium/Methane ....... _:
160: E i ........................... . ......................... _.:
140 | ill ................ e =
12()* S — _:
100_?_ n. ......................... _:
80 : ‘ : ......................... _:
() [ e — ——————————_U. SN ST ———————— | M| SS—— _:
B0 FEH e Lo _:
) T T oseen s | e —— _:
0 1 L]

Ll
20000
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B/j'l(lxllVHSlty Electron Drift Simulation with Garfield++

asgow

» Garfield++ toolkit for simulation of detectors with gases/semi-conductors as sensitive medium

« https://cern.ch/garfieldpp/, common GEMs/multigap resistive plate chambers, ALICE TPC, BONUS12
» Set of libraries with user interface derived from ROOT

+ Heed generates ionisation of fast charged particles using photo-absorption and ionisation model

« Magboltz generates drift properties of particles in medium under influence of E and B fields

+ Garfield++ provides interface with Heed and Magboltz and calculates drift/avalanches of e

» Stand-alone BONUS RTPC Garfield++ simulation to confirm method

» Values for comparison taken from literature

* NIM paper doi:10.016/j.nima.2008.04.047; N. Baillie, J. Zhang theses

» Max. drift time from cathode to GEM ~6us

« Gas: He 80%, DME 20%; 300K; 1atm

* Inner r=3cm; outer r=6cm; length 20cm

* Magnetic field -4T

 Electric field: two concentric cylinders at different potentials, ~500V/cm in
drift region, 800V/cm cathode and 400V/cm 1st GEM

« Typical momentum 70MeV/c

—_— - -4 - I '-
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w 4000 [~ . -

) 3 events; B LE ]

00  momentum e ]
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20005_ at (3, 0, 0) — 4 ]

000 - 3 [ ]

1 - ] s X(cm) 1
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Electron Drift Time [ns)


https://cern.ch/garfieldpp/

(E/Jl(]“;l‘i{rgiz RTPC Geant4 and Garfield++ Interface

rfield Model:
* Roughly 500V/cm field in drift region
« Gas mix as before (He:DME 90:10)
* 77K; 0.2atm

Electric Field (V/cm)

RTPC drift region in Geant4 designated as region (G4Region) where Garfield++ physics models take
over (G4FastSimulationModel)

When tracked proton enters region it is killed, kinematics are input to to Garfield++

TOSCA field map for solenoid interpolated to find magnetic field at initial proton point

Proton track created using Heed and ionisation clusters created

Drift properties provided by Magboltz

Garfield++ simulates drift electrons

Drift electrons can be input back into Geant4 as secondary particles (not currently implemented)
Garfield++ gives access to number of ionisation clusters created and proton energy loss along track.
Verification of these numbers requires further study.

10
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3 * Phi strip IDs hit by drifted electrons uniform

» Track ID vs Phi ID graph more crowded due to the
large number of ionised electrons created by Garfield

* Number of clusters created and energy deposited by
tracks in Garfield++ to be verified/studied further
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Simulations of electron drift paths in an RTPC for TDIS are underway/ongoing

Two different methods have been implemented:
+ Geant4 has been used to track protons and their energy loss in combination with an electron

parameterisation code based on drift velocities obtained with Magboltz

Interface between Geant4 and Garfield++ has been developed for direct calculation/handling of
ionisation/drift velocities/drift paths by Garfield++

Initial results between methods agree that maximum drift time from cathode to first GEM layer is ~20us

Garfield++ method would yield several advantages, further studies required/ongoing:

Verification of cluster yield and energy deposited in Garfield++ simulations

Results are extremely sensitive to electric and magnetic field, more realistic electric field set-up
could be developed (e.g. cathode and 1st GEM voltages/addition of field wires/propriety software to
model electromagnetic field)

Comparison with any data
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