
ApologyApology

I replaced my slides by  a new ones (dated as 23rd January 2008 I replaced my slides by  a new ones (dated as 23rd January 2008 ).).

As I warned in my talk at Zeuthen, there were in fact mistakes iAs I warned in my talk at Zeuthen, there were in fact mistakes in the n the 
numerical calculation for some of the plots.numerical calculation for some of the plots.

The formulas given in the talk were all correct. The formulas given in the talk were all correct. 

I apologize for any inconvenience of you.I apologize for any inconvenience of you.

T. MatsudaT. Matsuda
Jan 27, 2008Jan 27, 2008



Some Inputs to the Optimization
From TPC

With the short notice and also because of the TPC School 
at Tsinghua University, Beijing, held just before this ILD meeting, 

I could not work/discuss with the colleagues
of the LC TPC collaboration. I discussed briefly
only with Ron and Keisuke Fujii for this talk.

T. Matsuda/IPNS/KEK
LC TPC Collaboration

ILD Workshop/January 23, 2008



R&D Planning:   LC TPC Collaboration



What are Relevant What are Relevant 
to the Current Detector Optimizationto the Current Detector Optimization

(A) Outer radius:   Rout(A) Outer radius:   Rout
Inner radius:  Inner radius:  RinRin
Length:  Length:  LdriftLdrift x 2x 2
BB--field:field:

(B) (B) VdriftVdrift::
Point resolution: Point resolution: σσｒｒφφ(z(z) , ) , σσzz (z):(z):
Pad size (length)  Pad size (length)  No. of the measurement point for a trackNo. of the measurement point for a track

The width of Pad Response  The width of Pad Response  Track separation in Track separation in ｒｒφφ and z.and z.

(D)  Material thickness in the barrel and end(D)  Material thickness in the barrel and end--cap regionscap regions

(A) Given by the optimization.
(B) To be  given by the full TPC simulation under given conditions:

the gas, the end-detector type, the electronics.
(D) Requires the design and engineering studies.

Today’s presentation gives crude estimations.



Basic Parameters of TPC
Relevant for the Current Optimization Process
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Point Resolution: Point Resolution: σσｒｒφφ(z(z)) 
Analytic Formula for the Analog ReadoutAnalytic Formula for the Analog Readout



Point Resolution: Point Resolution: σσｒｒφφ(z(z)) 
Analytic Formula for the Analog ReadoutAnalytic Formula for the Analog Readout

Keisuke. Fujii



Point Resolution: Analytic FormulaPoint Resolution: Analytic Formula
Keisuke. Fujii



Point Resolution: Analytic FormulaPoint Resolution: Analytic Formula



Point ResolutionPoint Resolution 
Comparison with the MPComparison with the MP--TPC Beam Test (TPC Beam Test (MicroMEGASMicroMEGAS)   )   



Point ResolutionPoint Resolution 
Comparison with the TUComparison with the TU--TPC Cosmic Test (GEM)   TPC Cosmic Test (GEM)   



Point Resolution  Point Resolution  
MC by Makoto Kobayashi



Point Resolution:  Point Resolution:  
Three Possible Options Three Possible Options 

of TPC Endof TPC End--Detector   Detector   





Point Resolution σσｒｒφφ(z(z)) :  P5 (E=100V/cm)
Extrapolation to ILD TPC

(CDt =49 μm/cm1/2 Vdrift =4.05 cm/μs @E= 100V/cm& 4T)

K. Fujii



Point Resolution σσｒｒφφ(z(z)) :  P5 (E=50 V/cm)
Extrapolation to ILD TPC

(CDt =26 μm/cm1/2 Vdrift =3.6 cm/μs @E= 50V/cm & 4T)

K. Fujii



Point Resolution:  Ar/CF4/isoC4H10 (E=200V/cm)
(Extrapolation to ILD TPC)

Measured Cd seem to larger than the 
Magboltz simulation at higher E? 
Need to confirm.

CDt = 24 μm/cm1/2

Vdrift = 7.8 cm/μs
@E= 200V/cm & 4T

K. Fujii
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Point Resolution σσzz (z)(z)
A naA naïïve estimationve estimation R. Yonamine



A measure for the Two Track resolution: 
Pad Response (rφ）

2 2
T PRF TPR DL L

C zσ σ= + ⋅

R. Yonamine



Pad Size and No. of Measurement PointsPad Size and No. of Measurement Points 
(Analog Readout)(Analog Readout)

Most Probably:Most Probably:

(width)    (length)(width)    (length)
Pad size:    Gem + normal padsPad size:    Gem + normal pads 1 mm  x  4 1 mm  x  4 -- 6 mm6 mm

MicroMEGASMicroMEGAS + Resistive anode + Resistive anode 3 mm  x  4 3 mm  x  4 -- 6 mm6 mm

No. of pad rows: No. of pad rows: 0.9 x (0.9 x (RRmaxmax/TPC/TPC –– RRminmin/TPC/TPC)/pad length)/pad length

0.9   0.9   A very crude estimation for the insensitive A very crude estimation for the insensitive 
region in R such as the boundaries of the MPGD region in R such as the boundaries of the MPGD 
endend--detector boundaries, the field cages, etc.detector boundaries, the field cages, etc.



Gas container & Field Cage:  
Thickness

Large Prototype (D = 80 cm)
25 mmt &  2% X0

Alice (4 m)
30 mmt &  3% X0



Need  R&D plans

TPC Endplate

ALEPH:  25% X0 & 25 cm  
ILC TPC: 10-15% X0 & 10-15cm ?



EEndplate:  Thickness & Space to Calndplate:  Thickness & Space to Cal

EndEnd--detector:detector:
MWPC MWPC MPGD (& MPGD (& SiTPCSiTPC))

Electronics:Electronics:
Custom Chips of the finer rulesCustom Chips of the finer rules
Surface mount  on the back Surface mount  on the back 

of  the pad planeof  the pad plane
High speed optical linkHigh speed optical link

But still the But still the ““oldold”” issues:issues:
Power cablesPower cables
CoolingCooling
Endplate structure (Mechanical)    Endplate structure (Mechanical)    

Wire bonding @LEGS TPC
Bump bonding @ ILD TPC

Al Be, CFRP or a lighter material @ILD TPC





Luciano Musa

Advanced Endplate: Surface Mounting Electronics





Material Thickness:  TPC EndplateMaterial Thickness:  TPC Endplate 

My guessMy guess

Thickness (radiation thickness): Thickness (radiation thickness): 

Pad plane:  Pad plane:  
G10  G10  X0 = 19.4cm            0.5cm       X0 = 19.4cm            0.5cm       3  %3  %
Cu    Cu    X0 = 1.43 cm           0.01cm     X0 = 1.43 cm           0.01cm     0.6 %0.6 %

Chips(SiChips(Si)     )     X0 = 9.36cm            0.5cm       X0 = 9.36cm            0.5cm       0.5 0.5 %%
Bumps Bumps 
Power cables and large electronics componentsPower cables and large electronics components ？？

Endplate (mechanical)    Endplate (mechanical)    
X0 = 35.3               0.2 x 5cm    X0 = 35.3               0.2 x 5cm    0.3 %0.3 %

CoolingCooling ？？

TotalTotal 1010--15 % ?15 % ?



A Slide from the LC TPC meeting at ALCPG07



Conclusion

(No time, Sorry!)
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