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Brief	Recap	

v  Magnetic	Field	brings	electrons	through.	
v  Ions	remain	blocked	

v  Negligible	for	SLOW	ions…not	negligible	for	electrons	in	
sPHENIX	[Vdrift	=	80	microns/nsec;		B	=	1.4	Tesla]	

v  Traditionally	one	attempts	to	zero	this	term	to	avoid	distortions	

v  One	can	make	a	LOCALIZED		kick	that	only	electrons	feel	

v  This	concept	is	discussed	in	detail	in	Blum’s	Book	

Langevin’s	equation:	

𝑚𝑑𝑣 /𝑑𝑡 =𝑞𝐸 +𝑞(𝑣 × 𝐵 )−𝜅𝑣 	
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Ed =	320 V/cm, Et= 480 V/cm	
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Figure 9: BPG performance in Ne/CF4 (90:10) gas mixture.
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Figure 10: BPG performance in Ne/CF4 (50:50) gas mixture.

the successful performance of the high energy physics experiments. For collider experiments TPCs367

are providing large fiducial volume with cylindrical symmetry around the beam pipe. Key feature368

of these devices is high precision three dimensional event topology reconstruction with capabilities369

of particle identification. Usually represented as gas-filled barrels, TPCs are relatively inexpensive370

devices, which is always an important part of physics experiment planning.371

The setup built at the Weizmann Institute consists of a gas volume which contains the BPG372

sandwiched between the ion generating plane and the ion receiving cathode. An exploded view of373

the setup is shown in Fig. 14.374
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Results:	Transparency	

decoupled. This e↵ect is estimated at 7% relative uncertainty, directly assigned to the T g
i values.279

Considering that the sources of these uncertainties are not related to each other, the final results280

should be taken with 10% relative uncertainty. This actual uncertainty is di↵erent at di↵erent values281

of �V and shall not be symmetric at the highest values of transparencies that cannot exceed unity.282

It is given as guideline and is not plotted in figures.283

4 Results284

The BPG transparencies in Ne:CF4 (90:10) gas mixture are shown in Fig. 5. Complete set of285

all results is given in Sect. A. Measurements are done at 4 magnitudes of the magnetic field,
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Figure 5: BPG transparency in Ne/CF4 (90:10) gas mixture at di↵erent magnetic field setting.
Ed = 320 V/cm, Et = 480 V/cm.

286

ranging from 0 to 1.2 T. T g
e and T g

i are denoted by closed and open markers respectively. At287

�V = 0 T g
e ⇡ 0.95 and T g

i ⇡ 0.67 defined by the Ew
t . In the absence of the magnetic field288

both transparencies drop with increasing �V on BPG and reach zero at �V ⇡ 40 V. At non-zero289

values of the magnetic field the T g
i changes its shape around 10 – 30 V, but still reaches zero at290

�V ⇡ 40 V. The e↵ect of the shape change is not fully understood. In the presence of magnetic291

field T g
e behaviour changes. It reaches zero at higher values of �V , and in the highest measured292

field setting the shape of the curves exhibits a kink at around �V = 45 V. Analogues behaviour293

was also seen in ??. At high enough magnetic field setting there is a region where of �V values294

where T g
i is at zero and T g

e is still around 1/2. Thus, the IBF can be fully stopped at the expense295

of loosing approximately half of the primary ionization.296

To further quantify performance of the BPG in a TPC, one can introduce the figure of merit297

defined as298

FoM (w,�V ) =
Tm
i (w, 0)

Tm
i (1, 0)

⇥
T g
i (w,�V )

T g
e (w,�V )

, (6)
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where w = Et/Ed = 1.5 is discussed in Sect. 2.4.5. FoM reflects the relative change in performance299

of a TPC with and without the BPG and is the product of two terms. The second term is the300

ratio of T g
i /T

g
e reflecting the fact that in real TPC loss of primary ionisation in BPG must be301

compensated by raising gain in the readout plane, which in turn generates more ions. The first302

term is the ratio of Tm
i at the working point to that at Et = Ed, higher Et extracts more ions from303

the amplification plane of the TPC. The ratio of Mesh transparencies at the w to that at unity is304

taken as correction factor. FoM > T g
i for any �V , and the lower is FoM the better is the BPG305

performance in a TPC.306

Figure 6 shows FoM of using BPG for IBF suppression as a function of T g
e . By construction of
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Figure 6: FoM vs. T g
e for di↵erent magnetic field settings.

307

FoM and T g
e the point (1,1) in the plot corresponds to the case when no grid is installed in TPC. A308

BPG without voltages between wires makes little change to the TPC performance in any magnetic309

field because points in all graphs start close to (1,1). Rising �V on the BPG in low magnetic field310

leads to loss of primary ionisation and increase of the IBF. In higher field the situation changes, the311

BPG e↵ectively suppresses the IBF while keeping most of primary ionisation. The BPG impact on312

the TPC performance improves with increasing the magnetic field.313

Reduction in the IBF a↵ects the detector performance, in particular it deteriorates the TPC314

dE/dx resolution []. In case of the BPG this e↵ect can be estimated in its leading order as a loss315

of primary electron statistics. Assuming that the relative loss of the dE/dx resolution is reciprocal316

to
p

T g
e one can plot it vs. the FoM as shown in Fig. 7. The curve measured in the B = 1.2 T317

shows that IBF suppression by a factor of 5 is achievable on expense of 40% reduction in the dE/dx318

resolution, and it can be fully suppressed at a cost of 55% of the resolution loss. In other words, if a319

BPG is installed in the TPC with the dE/dx resolution of 10% that has 2% of IBF, these numbers320

shall be directly combined together: the TPC&BPG configuration would have dE/dx resolution of321

14% at IBF = 0.4% and no IBF at 15.5% resolution. The trend of the curve measured at B = 1.2 T322

will improve in higher magnetic field.323

To provide comparison to the expectations from Monte Carlo, Garfield++ toolkit is used for324
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Figure 7: Dependence of the TPC dE/dx resolution proportional to 1/
p

T g
e vs. FoM at high

magnetic fields. Values compare to case of no BPG in the detector, corresponding to point (1,1).

simulations [13]. Gas properties were simulated for Ne/CF4 (90:10) mixture using electric and325

magnetic fields to be the same as in the experiment. To represent detector infrastructure all elec-326

trodes were modeled within ComponentAnalyticField infrastructure. Thermal electrons are drifted327

from 2 mm above the BPG and ions are drifted from amplification wires within the circular region328

around them with 60 µm diameter using DriftLineRKF class. The comparison of the simulation329

results and data for Ne/CF4 (90:10) gas mixture is shown in Fig. 8. Results of the simulation330

describe the ion subtraction in the magnetic field within 10% level of accuracy. Whereas the results331

for B = 0 and for electrons are described only qualitatively.332

5 Conclusions333

The experimental setup built at the Weizmann Institute of Science is used to measure electron and334

ion transparencies of bipolar wire grid operated at constant voltages in di↵erent gas mixtures in335

the presence of the magnetic field. Several Ne- and Ar-based gas mixtures with CH4 and CF4 as336

quenchers, commonly used in detectors are explored. Transparencies are presented and the figures337

of merit are estimated to evaluate the impact of the grid on the ion backflow in a TPC with and338

without such device. These results are qualitatively consistent with the earlier measurements [],339

however a more thorough comparison cannot be done due to di↵erences in the setup discus in340

Results.341

The results show that among the measured gases, the e↵ect of the ion backflow suppression in342

Ne-based mixtures is stronger than in Ar-based and only weakly depend on the type of quencher343

or its concentration. In Ne:CF4 (90:10) gas mixture in the magnetic field of 1.2 T the backflow344

of ions can be suppressed by a factor of 2, losing 40% of primary ionisation and by more than an345

order of magnitude by losing 55% same numbers into Results.346

Simulations anything?.347
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Relative	loss	of	the	dE/dX	resolution	



v  Other	gas	mixtures:	Ne+CF4(50:50)	and	Ar	based	mixtures	have	been	measured.	

v  For	magnetic	field	of	1.4	T	the	results	will	be	even	more	favorable.	

v  MC	qualitatively	follows	measurements,	but	but	quantitative.	

v  This	work	is	in	the	draft	form	now,	will	be	submitting	it	soon	for	Publication.	

	
	

Summary	


