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Outline

• Track distorsions due to charge stored in the 
TPC

• Performance estimation of tracking system 
(TPC+Si tracker)



Basic parameters
• Luminosity (at the Z peak) : 5.6 (×1034)

– Rates : 
• 16.8 kHZ hadronic Z decays (1 every 60 μs avg, or 1 every

270 BC)

• 33,6 kHz Bhabhas (1 every 30 μs avg, or 1 every 135 BC)

• Some  interactions from Beamstrahlung (maybe 100 times 
less ?)

• Numbers to be scaled up by

≈ 5 ?

M. Ruan, Paris Tlep workshop



• R internal : 329 mm

• R out : 1808 mm

• Z length : 2×2350 mm

• Drift gas : Ar CF4(3%) isobutane (2%)

• B=4 T

• E = 350 V/cm (Arxiv 1006.3220v1)

• Inner cage at 400 mm (not 329)

ILD/TLep TPC parameters
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Our calculation
will assume
IBF=1 (quite aggressive),
i.e. 1 primary ion  1 BF ion

• Simple scaling of studies done at ILC

• Use of codes developed for ILC



Distorsions estimation procedure

• Estimate charge distribution of ions stored in TPC volume (primaries
and back-flow)

• Use Pythia to have an estimate of track length
per event (proportional to N electrons/ions, assume typical 40 e/ion 
pairs per cm)
1) Do simple scaling with ILC results
2) Use ILC distorsion computation program (from Keisuke Fuji)

– Produce analytical parameterization of (r,z)
– This code assumes that that (r,z)=r(r)×z(z)
– This holds rigorously for backflow ions (created at zmax), not for 

primaries
– No experimental validation of the code, but computations it does are 

in principle straightforward.
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r’ in m

r(r’)=1/4/(r’-0.2)2 Ne/cm3 for 100 bunches, r’ in m

Integrate this function over
R_in=400 mm, R_out=1808 mm
Zmax=2350 mm, dV=2π r dr dz
Nions=11*106 (100 bchs,Rin=400)
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Rough approximation,
this is not quite true, but OK for
an order of magnitude estimate

ILC assumes ion drift
time is 600 ms will do
the same

Total charge in TPC is
(3/3+2/3+1/3)(1train)=
2(1train)=0.66*3=
3000/100*2*(100 bch)=

0,66*109 Nions





How much ion charge in
FCC-ee/Tlep TPC ?

• Z hadronic decays : 16.8 k Hz. Corresponds to

19.22 visible (lept+had) Z decays

• Bhabhas : 33.6 k Hz

• Use Pythia to simulate number of charged
« tracks » (stable final particles, in Pythia
terminology) and length traversed through the 
TPC

• Different mag field values studied : 0, 1.5 T, 
3.5 T



Hadronic Z decays

B=0 B=1.5 T B=3.5 T



Number of tracks and track length
Gas length traversed/ionised per event (cm)
Rin=0.4 m, Rout=1.8m, Zmax=2.35m

Had events
Lept events

Avg=1511 cm

Avg=162 cm

# charged tracks

B=0

Avg=162 cm

Avg=163 cm

Avg=3251 cm

Avg=2438 cm

B=3.5T

B=1.5T



Charge distribution (one event)
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Charge distribution
integrated over complete drift time

Charge reduction factor due to drift
B=0 : 0.37
B=1.5 : 0.43
B=3.5 : 0.47
ILC :  0.66

B=3.5T

B=1.5T

B=0

R (cm)

Charge
density

B=0 B=1.5T B=3.5T



How much charge
in a FCC-ee/Tlep TPC ?

• ILC : 0.66*109 Ions 
• From visible Z decays : average track length*trigger 

rate*drift time*charge reduction
factor*Nion/cm=1511*19220*0.37*0.6*40=

0.26*109 Ions (B=0) 
0.48*109 Ions (B=1.5T)
0.70*109 Ions (B=3.5 T), 2.8*109 Ions backflow

 Expect 35 µ max distorsion from primaries
• From Bhabhas : 162*33600*0.37*0.6*40=

0.04*109 Ions



Qualitative comparison Tlep/ILC

Z visible decays

ILC simulations

Charge distributions quite different,
ILC simulation more peaked at low radius :  Inclusion of low Pt backgd ?
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Charge density
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Primary ions : parametrization
as (r,z)=r(r)z(z)

r z

(r,z)/r(r)z(z)
(r,z)/r(r)z(z)

(r,z)/r(r)z(z)

r

z

Factorization
holds at 10-20% level

Effect on distorsion of
non-factorization to
be evaluated



Electron trajectories



Comparison with ILC

Same order of magnitude 



Comments

• Distorsion comparable with ILC results

• Not much margin to stay below 100 μm
– IBF=1 quite aggressive

– Luminosity at Z peak up to 1036cm-2s-1

• Possible handles
– Increase TPC minimum radius ?

– Decrease somewhat B field ?

• A trade-off has to be found between tracker resolution
and risk of loosing low momentum tracks…



Effect of inner radius increase

ILC (Backflow)



Idres (pointed to me by Sergei)



Idres advantages

• Code is easy to use

• Encoding of geometry very simple

• Can be used also for fcc-hh

• Can work with complicated B topology : 
accepts B-maps



ITK week, 23/02/2015





Status

• ILD geometry fully encoded



ILD layout as encoded



Material budget estimates

Si+TPC
Si only

 (degree)

X/X0 (%)



Validation plots

Plot F. Couderc
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Validation plots

Plot F. Couderc
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Material effects, Si only
(1/Pt)×10-5

Pt

Material effects included

≈no material



Angular dependance (Si+TPC)

(1/Pt)×10-5

Pt=10 GeV

Pt=200 GeV

 (degree)



Conclusions

• Z visible decays should induce a distortion of 
the same order of magnitude as for ILC case.

• There is no margin in the design if L goes up to 
1036cm-2s-1

• Correct distorsion event by event ?

• Assess what the tracker resolution has realistically to 
be at the Z peak (probably less than at ZH 
production)



Points to be studied

• Distorsion evaluation to be confronted to 
experimental studies

• Define what is the resolution target at the Z 
peak benchmark channels to be defined
and studied

• Do combined optimization of TPC+Si tracking
system



Backup


