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Toward the I.C TPC
LC Detector Concept

Reconstruct final states in terms of partons (q, 1, gb)

e Identify 2ndary & 3tiary Vertex ID
Jet invariant mass --> W/Z/t ID' and angular analysis - Energy flow

Missing momentum --> neutrinos > Hermetic Detector

— Visualize Events as viewing Feynman Diagrams
- Require A State-of-the-art Detector

Requirements for the Central Trucker

® Momentum Resolution = 05x10*P;
® Two Hit Separation =< 2mm@®P) x5mm (z)
® Truck Cluster (Cal) Matching = 1mm (P, rz)

O( 1ns)

® Time Stamping



Momentum Resolution:
What We Need to Acheive?

etee > ZH > (Z— u plee) + X
If 6M( pu plee) << Iz,
then the beam energy spraed dominate.

— Most probabaly 0 (1/p,) ~ 1.0 - 0.5 x 10

Slepton and the LSP masses though the end point measurement:
0y Momentum Resolution) ~ 04, (Parent Mass)
Only @ 1 ab® when 6 (1/p,) ~ 0.5 x 10

Rare decay: etee — ZH — Z+H — p p):
— 6 (1/p) ~ 0.5 x 10% sufficinet ?
—  Still need study one more time?



R&D for LC TPC

1 Demonstration Phase : With small TPC prototypes on mapping
out MPGD operation parameters and understanding spatial
resolution ete, to prove feasibility of MPGD TPC. Still need to work
for the best gas and the ion feed back and gating scheme. For MOS-
based pixel digital TPC, still to complete the proof-of-principle tests.

2 (Consolidation Phase: The world-wide L.C TPC collaboration and
BEUDET build and operate the Large TPC Prototype (ILP), ¢ ~ 80cm,
drift length ~ 60cm, with EUDET infrastructure as basis, to
establish a proof for the target momentum resolution (in non-
uniform magnetic field), as well as basic designs and manufacturing
techniques of MPGD endplates, field cage and advanced electronics
in next 3 — 5 years. This phase corresponds to the term of the
Japanese Grant-in-Aid (“Gakujyutu Soser”).

3 Design Phase: During phase 2, a conclusion as to which endplate
technology to be the best for the LLC TPC would be approached, and
final design would start as the real experimental collaboration is to
be formed.




Demonstration Phase

(1) Studies of New Gas Amplification System: MPGD
GEM, MicroMEGAS (MM)

% Basic characteristics of MPGD: Gain, electron
transmission, ion feedback, signal time structure,
signal spread, stabilities, gas, operation etc.

% New structures and new fabrication methods of
MPGD: Laser etching GEM, larger MPGD (up to 30
cm x 30cm), thicker GEM, MM with pillars, Bulk
MM structure,



clay Oursay

| Examples of Prototype TPCs

—Carleton, Aachen,
Cornell/Purdue,Desy(n.s.)
for B=0orl1T studies

Saclay, Victoria, Desy
in 2-5T magnets)

magnets (not shown),
other groups built small
special-study chambers

Settles



Demonstration Phase
(2) Performance Tests with Small TPC Prototypes

Various cosmic ray tests and beam tests of GEM and MicroMEGAS for
different gases with or without magnetic field (up to 5T) provided
data of spatial resolution and track separation.

In 2004-2006, the MP-TPC collaboration (Saclay/Orsay, MP1/DESY,
Carleton university and the CDC group including MSU group)
performed a series of performance tests at KEK x2 beam line for:
(1) MWPC with 2mm wide normal pads,

(2) 3-layer GEM (CERN) with 1mm wide normal pads,
(3) MicroMEGAS with normal pads (2 mm), and
(4) MiroMEGAS with the restive anode.

The tests utilized a small MP-TPC prototype, a thin-coil Permanent-
Current superconducting MAGnet; (PCMAG), and the ALEPH TPC
electronics at LEP.

A new analytic calculation of the spatial resolution was made to
understand the results.



KEK Beam Tests w/ MP-TPC

@ Use the same small prototype (MP-TPC) as a test
bench to compare different readout planes:

—

MM (MiFoMEGAS)






MP TPC Prototype with Cosmic Rays

TPC: MP-TPC
MPGD:
3 layers of CERN GEM
10cm x 10cm
1.17 X 6 mm pads
7 pad-rows readout
Inter-GEM and GEM-pad
gap: 1mm (so far)
Veap = Ve (50 far)
Electronics: ALEPH
Gas: Ar-CF4(3%)-Isobutene
Magnet: Max. 1T

KEK Cryogenic Center



A Question Arises!

From the old Slide by A. Sugiyama in Nov. 2004

O x resolution

can be parameterized @ = 02l mm |
Cp/+vN. = 0.048 mm/v/em (B=1T)

2 0.096 mm//em (B=0T)
3 Vam |

N, if Ne=60 Cd is ~8times larger than above numbe
' if Cd iz assumed, Neff= ~0.4*Ne
parametrization is too simple!? do more study
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Analytic Formulation of

Spatial Resolution for
a MPGD-Readout TPC

-- Fundamental Limits on Spatial Resolution --

Achievement with KEK Beam Tests



Two Mysteries

Generic behaviors of resolution data

’UJ2

12 it oprr < w

hodoscope limit ‘

0-2 08+C§Z/N€ff

® Why Nepr < <N> ?

diffusion
dominant ® What is the origin

of 09 = 0,(2 =0)?




Fundamental Processes

Beam () lonizations
—> Liberation of Electrons

P;(N;N)  Normal incidence
(no angle effect)

No O -ray

zEE Tt

Drift Volume 8 Drift and Diffusion1 :
i 3 Pp(zi;0a) = S (_203)

B V2moyg

Amplification and
further Diffusion

0= Tot (5) = (-e+n(3))

Pad Response

\—l> Coordinate




Tonization Statistics

Ideal Readout Plane: Coordinate = Simple C.0.G.

PDF for Center of gravity of N electrons

P(z) = Ni:: P;(N;N) H (/dmfp(m;m)) 0 (:1: e %ﬁ;xz>

o=

/

Ideal readout plane
Gaussian diffusion

Pl a0 e




Gas Gain Fluctuation

Coordinate = Gain-Weighted Mean
PDF for Gain-Weighted Mean of N electrons

P(z) = i: P;(N;N) ﬁ (/ dxiPD(xi;ad)/d(Gi/G) Pq(G;/G; 9)) ) (az -

. / L o

Gaussian diffusion as before

Gas gain fluctuation (Polya) 4— { 0 R

Pa(/Gi0) = T 1+>91+) : (g) e (~0+1) (&)

forre- A (E)
Neps = [<%><(g>2> B <;> (ii@ <8

KN

4




Sample Calc. for Neff

For 4 GeV pion and pad pitch of 6mm in pure Ar

I/N = 0.028

vr= | (I {((8))] —2<m=n




Finite Size Pads

Coordinate = Charge Centroid track position
Charge on Pad Electronic noise /
N (AQ*) =0} x; =2+ Ar;
" /
Qj = Z Gi - f;(z + Axy) + AQy, diffusioﬁ
i (Az?) = 62 = C22

Normalized response fun. for pad j

Pad pitch
Charge Centroid /a #5

T = ZQJ (w5)/ > Q;

PDF for Charge Centroid

P(:%) = Yo Pr(N;N)ITis, (f dAzPo(Awi;0q) [ d(Gi/G) Pa(Gi/G;0))
< T1, (/ dAQs Pe(AQsi08) [dQ; 6 (@)~ TiL, Gi- f3(3 + Ax)) - AQ; )

y Zij (wy)
Sk (az— Zj 2,




Full Analytic Formula

o [22(2) fornnte = [o7o(E) [ e

@ Purely geometric term

Al = (Z(j’w) (f;(T + Az)) — :v)

J

@ Diffusion, gas gain fluctuation & finite pad pitch term
[B] = _jkw” (f;j(Z + Az)fr(Z + Az)) — (ij (f; (% + Ax)))

J

(AR (o AT = / AATPp(Aw;04) f;(7 + Av) il + Az)

! ; CHIT e AT)) = / AT DT, 04) J;(Z + Azx)
@ Electronic noise term

1= (%) (§7) 2wy

J



Interpretation

w2

/ﬁ if opprr < W

[A] Purely geometric term
(S-shape systematics
from finite pad pitch):
rapidly disappears as Z
Increases

[B] Diffusion, gas gain
fluctuation & finite pad
pitch term: scales
as 1/N.¢ys, for delta-fun
like PRF asymptotically:

~ 1 wz CQ

~ Negs ( ” dz)

[C] Electronic noise term:
Z-independent, scales
as (1/N?)

SIN

o)



Application To MM

@ For delta-function like
PRF, 0, /w depends only
on O'd/w and Neff

@ Full formula has a fixed

point (0,1/v12)

@ Full formula enters
asymptotic region at
oq/w ~ 0.4

@ Full formula has a minimum
of o, /w ~ 0.1 at
oq/w ~ 0.3

(0,1/v/12) : hodoscope limit
N\

Full Theory

Asymptotic Formula

No Noise

AN oo/w =1/\/12 Nosy




Figure 1: Expected spatial resolution with readout pads of width w = 2.3mm for (1/N) = 1/46 and
f = 0.5, assuming Magholtz results C;y = 0,469, 0.285, and 0.193mm//em for B = 0,0.5, and 1.0T,
respectively.



Comparison with MC

— Analytical Theory Ng=213

© Monte Carlo Simulation
MP-TPC Micromegas
ArlIso(95:5)

Egrife = 220V /cm
w = 2.3mm

® Theory reproduces the
Monte Carlo simulation
very well |

@ We can estimate the
resolution analytically
drift distance

,
0y = 05(2;w,Ca, Negr, [ f])
pad pitch
diffusion const.
pad response function

o-fun. for MM: oprr ~ 12um
gauss. for GEM:oprr =~ 350um



Comparison with
Measurements

_ Analytical Theory N,=15.5 Ny | @ Theory reproduces the
4 Global Likelihood da‘fq We“

i VPP M @ Underestimation in the
- Icromegas d(]'fa Of O-x 01- shor.T
drift distance due to

ArTso(95:5), B=IT

h track bias
T AU aME | S Global likelihood method
A S eliminates S-shape
Earir = 220V /em systematics at short

w = 2.3mm distance when possible




A Preliminary Result
TU-TPC Cosmic Ray Test at KEK
(Dec. 2007)

Frojection in X 2 |
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A Preliminary Result
TU—TPC Cosmic Ray Test at KEK
(Dec. 2007)

Pad Response (theta<10, phi<2)




A Preliminary Result
TU—TPC Cosmic Ray Test at KEK
Dec. 2007

Spatial Resolution (theta<10, phi<2) 3 Layers of GEM

Cﬂmpﬂre with ']'hgﬂry ﬂssuming Pads: 1 x 10 mm

’U.:fm' ft = 4.2 [Eﬂlfﬁs] @ Data Sample

@ About 60k friggers (3 days)
-> 4k small angle tracks

N” =22 x (10 ,fﬁ 1= 3..': * MP-TPC @ Operation Conditions
- @ Gas: Ar:CF4:iC4H10=94:3:3

o o Edrift = 124V/cm
el bl o VGEM = 260 V
aB=1T
@ T-threshold = 220




Extrapolation to LC TPC

ArlsoCF,(95:2:3), B=4T

@ Need to reduce pa Defocusing
+ narrow (1Imm) pad for GEM d
size relative to PRF

2.3 mm pitch @ Defocusing + narrow (1mm)
pad for GEM

@ Resistive anode for MM

1.0 mm pitch @ Digital pixel readout? ideal
to avoid effect of gain
fluctuation if possible

== Fyuture R&D



Extrapolation to LC TPC

Sample calculation for GEM with Ar/CF4

=200[V/em]
w=1.27[mm]
O pre=0.35[mm]

N,, =22

e

=== promising GEM in Ar/CF4 needs R&D



summary

@ Efforts to understand KEK beam test data crystalized

as an analytic formula for the spatial resolution of a
MPGD readout TPC.

@ We can now analytically estimate the spatial resolution

drift distance

V.
F, = O-:C(Z;wa CdaNeffv [f]])

pad pitch pad response function
diffusion const. Effective No. track electrons

== Theoretical basis for how to

improve the spatial resolution
Possible improvement of theory: angle effects
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