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Time Projection Chamber (TPC)[1]

» Measures 3D space points of charged particles

» Gives Particle Identification (PID), dE/dx, & oar;i)c':g(:‘r‘om drifing W™ chambers
osition resolution central membrane electrons
i - (cathode) e PO P00
» External B-field lowers diffusion and is used R

for PID s g

» Minimally lonizing Particle (MIP) creates

: g
electron-ion pairs %
» Cathode & Anode collect charge and maintain ¢* \J g ."
uniform E-field -
» Intrinsically high-rate endcap

Typical Collider TPC [2]
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Gain IBF & Space Charge (5C) : — muons
» Most tracks come from MIPs _l;::::l:ns:

» Release 1-3 electrons per atom [3]

» MWPC, GEM, & pM create ~1,000 gain to overcome noise

dE/dx [MeV/em™g]
J—
]

~ L .
» E-field distortion SC: p(1,z) & (1 — ) + 1
Ltotal

» At 1% IBF 1 primary ion makes 10 gain ions: IBF is 90% of SC 107 i 10

p = By [GeV]

» IBF limits the TPC’s high rate \
' Bethe-Bloch region [4]

0% and 1% IBF [5]




E-Field Ratios, Gain & Resolution

» Field lines can’t cross & must start and end on charges

»  Epelow (transfer) > Eabove (arifty @llows drift electrons to pass through while
trapping most gain ions

» Gain biased away from the element that’s strongly coupled to drift
region causes fluctuations and hurts resolution
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Gating Grid
» Array of wires.

» Can provide E-field ratios.

> Bi-Polar V,xAg alternating wires. Negative wires collect IBF ions (positive stop signal electr

< Stays in the “on, closed position” of Ag>0 until triggered. Then opens to allow electron coll
Closes and collects IBF ions while waiting for next trigger.

< Example: successfully used by STAR at RHIC [9].

. . . . < Drift Ll
< Low rate from dead time because of slow ion drift velocity. region w f { I ’
\
-—Gating — oo —a
grid, T
= - ~ Shielding = | |
grid <
=)

Active Gating
Grid Examples [10,11]
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Passive Gate

» Still maintains E-field ratios. (This is a useful universal principle)
» Langevin Eq: m% = qE + q(v x ﬁ) — KV

< Utilize external B-field to “push” electrons past the Bi-Polar wires.
IBF ions too heavy and slow, so they’ll follow E-field lines.

< 15t stronger kick along wire, 2" push past the wire

» Using E, = 0 and angle a between E and x-axis gives [12]:

. __UEcosa B _
W° Uy = TroZe2 v, = UE sina
charge mobility y = et/m, cyclotron frequency w=eB/m, collision time t

% For wt > 1 charges follow B-field lines and ignore E-field of the
closed Bi-Polar Grid (BPG).

# IfE, = 0, vy = c(wTEy + Ey), v, = c(w?T%E, + E,)

where ¢ = — (:‘ > still has a strong w7 dependence to

transmit fast electrons and block slow ions
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Introduction of Magnetic Field:

» Magnetic Field brings electrons through.

» lons remain blocked.

\



1985 S. R. Amendolia et. al.

» Grid closed to ions at AV=20

results [12]
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WIS Detector Schematic
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WIS Experiment setup

» Paper: DOI: 10.1109/TNS.2020.3042311 IEEE

» MWPC, hot Fe-55 sourse, pAmmeters [a], MCA
calibration, 1.2 T magnet




WIS Detector Schematic (simplified)
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E -field ratios

Frrrrerererrrprreeeretrrrpretreerrrrrp et T

» T, is amount of electrons x B _ _
that pass through the grid & 18 & o © ® o © .Ne/CF4 (90:10), B=0
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Some results FoM(w, AV = M@0 To@an L o

g
T/"(1,0) T)(w,AV)

« lons at AV=0 are only at ~67% from field ratios
» 15t term is just field ratios, and shows how higher ratios can extract more ions from the gain region

» 2"d term has loss of primary electrons, which would be compensated with more gain and make more ions

» Point (1,1) on Figure of Merit graph is absence of BPG. FoM<1 values are desired
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Simulations

» Show general trend, but deviate significantly from data for some parameters

» Long-range and average assumptions break down for small distances and small components

» Ar & CH4 mixtures more well known and better simulated
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BPG Bias

» Strong “push” along wire and weaker “push” around it
creates two, potentially significant, distortions.

» Depends on detection pads. We’ll use Zig-Zags [13]
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Full
Pad Plane

» Used in SPHENIX TPC
[5]

» Each pad ~10mm
height & 2mm width
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Focus on 2" “push” distortions
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The electron displacements from
original trajectories are cyclical

The cycle repeats with the same
period as the wires

Cyclical shifts from ideal positions a
known as Differential Non-Linearit
(DNL)

DNL is a well-known phenomena in ou
field

Zig-zags have their own intrinsic DNL



Average Out Vs. Periodicity

» BPG has a symmetric shift around the wires

» Will shifts simply average and cancel out over a particles
track regardless of wire-to-pad placement?

» Would wires alighed to pads combine their individual DNL for
better resolution?

» Will IBF be strongly affected for radial wires?

» BPG is some distance above our quad-GEM gain stage. Voltage
will be controlled to maintain as much uniformity as possible.

» A central radial bar separates radial voltages. Its existence
also used to test the linear portion.




Second frame iteration

» Placed above gain stage
» Will have wires attached

» Designed as a Printed Circuit
Board (PCB)

» Use external pads for
alignment and internal ones
to solder

» Once wires fully soldered
and epoxied, remove
external frame

» 6 colored rounded pads for
power supplies

» Green pads for mechanical
strength solder (instead of

epoxy)
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3oz Copper Alignment Pads

» Used WIS wire winding machine & transfer frame

» Tall pads maintain alignment. Epoxy wires, then cut
alternate wires and solder to pads

75um Alignment pads Z (height)

50pm wire X (length)




Alighed and soldered nicely
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» The wire winder was configured for long ATLAS
wires at 200-300g tension each

» Caused our 3mm mask to slightly deform
» An FR-4 additional stiffener was designed

» Darker green shows stretchers to bring mask to
correct shape




Prototype & Argonne National lab

» We’ll use cosmic rays




Summary & Future plans

TPC’s high rate limited by SC from IBF
E-field ratios suppress IBF

B-field allows for passive grid

vV v v Vv

Bi-Polar Grid test shows almost full lon Back Flow suppression
< sufficient electron transparency

» BPG’s effect on resolution will be studied this January

» Test IBF from radial wires

» Design pre-biased zig-zags

Than
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2019 MPGD talk

» https://indico.cern.ch/event/757322/contributions/3387100/
» https://arxiv.org/abs/1912.05005 proceedings



https://indico.cern.ch/event/757322/contributions/3387100/
https://arxiv.org/abs/1912.05005

Passive structure

» No gain means no fluctuations, but E-field ratios can still decrease IBF

» Example: a mesh of ~0.5mm spacing at a fixed voltage before the gain stage. Most
electrons pass through while ions are blocked.

» Up to 85% blocking for E; = 6E. But attachment must be considered at high fields, and'IB
will still account for most of SC.
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dE/dx Figure of Merit

» Loss of primary electrons deteriorates dE/dx

» For BPG, estimate it as loss of statistics. Assuming Z—i <1/ Teg, at B=1.2T we see that fully
(T9~40%) is at a cost of 55% in resolution.
» Combined with an existing 10% dE/dx resolution TPC would give 15.5% while suppressing all i

» [https://arxiv.org/abs/2007.13616] for more
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