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The KLOE
Drift Chamber

(e'e- - ® — KK @ DAFNE, Frascati)

Solutions:

= 4 0 m. diameter x 3.3 m. length,
40.000 field wires + 12.600 sense wires;
= uniform cell structure throughout the active volume with
all stereo layers (x60 ¢ ¢ ¢ +150 mrad);
= mechanical structure entirely in C-fiber, high X, gas
(90% He+10% i-C,H,,), 80 um Al field wires. ’
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The KLOE
Drift Chamber

Transparency:

= spherical end-plates:
8 mm C-f + 30 mm Cu foil
(0.032 X,):

= inner wall:
0.7 mm C-f + 30 mm Al foil
(0.003 X,):

= outer wall:
C-f / hex cell (0.020 X,):

= gas (0.00125 X,):

= wires (0.00064 X,).
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The KLOE
rift Chamber

Stereo angles & = +60 + +150 mrad
Constant stereo drop R, - Ry= 1.5 cm

12582 sense wires
38622 field wires
936 guard wires

12 inner layers 2 cm x 2/3 © cm
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The KLOE

rift Chamber
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The KLOE
Drift Chamber

F. Grancagnolo 9th ACFA ILC Physics and Detector Workshop Beijing Feb. 5th, 2007



The KLOE
Dr'if'r Chamber

{a—— Efficiencies

&St

Efficiency

Cor
o© 0000000000000300‘)(}00000

B K —>zr

® Hardware — 99.70% 0.01 (%)

& r(t-DCA <30 = 9579 £ 0.02 (%) | trﬂ,ﬂk ﬁ]_]d lllg

O rfr)-DCA < 26 — 90.35 £ 0.02 (%)
O rt)-DCA < 16 — 66.03 1 0.04 (%)

NI IS PP B tl‘ﬂﬂkﬁt

0.0029 missing hits/track
(48% timing cut)

vertex fit

Inefficiency/mm

| total efficiency

L‘_l-‘_'_l_]—l LT “—I_i"—' — '_!
STTRURINT I not decaying T, not looping T
8

0.5 i 15 2
Impact parameter (cm)

F. Grancagnolo 9th ACFA ILC Physics and Detector Workshop Beijing Feb. 5th, 2007



o V720'O':r:y _ @ 5—1)( :I_ﬂ_Z I{
03-B-2-yn ¥ B ismo\ X, a

For KLOE

Longitudinol Diffusion
Primary lonization

PL
Api/pL = 74x 107, & 1.9x107?

A
A
A
A
A
A
A
A

£

At F

Bhabha events: p=510MeV/c
0 80 100 120 0
8 (deg)

PR
40 60
Beijing Feb. 5th, 2007

9th ACFA ILC Physics and Detector Workshop

F. Grancagnolo



The KLOE T8

Resoluhons

dE/dx
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CLUster COUnting

2 cm drift tube
9070H€-1070iC4H10

few x 10°gain

AT
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CLUster COUnting

M__

b=1cm

MC generated events:
2cm diam. drift tube
gain = few x 10°

gas: 90%He-10%iC4H10

“
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CLUster COUnting

For a given set up, and a digitized pulse
(t)4st IS constant with a spread < 20 ns)

to = tiast = Trmax gives the trigger time
Tfir'sf

b, = J v(t) dt first approx. of impact parameter b
To

(c/2)? = r2 - bs? length of chord

N, = ¢ / (M(PBy) x sin@) expected number of cluster

N,. = 1.6 x N, expected number of electrons
(tfo be compared with counted one)

{t;.} and {A,}, i=1,N,_, ordered sequence of ele. and Ampl.
P(i,j), i=1,N,.. j=1,N, probability i-th ele. € to j-th cl.

K]
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CLU.COU. Performance

JFosi’rion resolution

Given the ordered sequence of drift times {t,} and a known constant density, A,
along an ionizing track, in principle, each cluster contributes to the measurement
of the impact parameter, b, with an independent estimate weighted according to
the Poisson nature of the process ® the electron diffusion along the drift path.

It, however, saturates at a value of 30-35 um, convolution of:

» spread in mechanical tolerances (position of sense wire; gravitational sag;
electrostatic displacement)

» tfiming uncertainties (trigger timing; electronics calibration; 1)

> degree of knowledge of fime-to-distance relation

> instability of working parameters (HV, gas temperature and pressure, gas
mixture composition)

Reasonable to assume per sense wire:
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CLU.COU. Performance

Transverse momentum resolution

Consider a cylindrical drift chamber:

with ~1.5 m outer radius

filled with 90% He - 10% iC,H,, gas mixture

in a solenoidal magnetic fieldB=35T

with 120 stereo layers made of hexagonal drift cells 1.0 cm wide
with all layers at an average stereo angle € = +150 mrad

with position resolution given by clu.cou. of o, = 50 um

YV VVYVY

This can be realized with 32000 sense wires and 83000 field wires (~twice KLOE)
(see proposed chamber below).

54% 1072 [¢

O\ N, =l A/ =35%x10° pi & 7.0x 10"

]

75% from wires

25% from gas
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CLU.COU. Performance

#Ir'ansver'se momentum resolution

| x2/ndf 28067198 |
| po 0.005703 + 0.000028
5 p1 _0.1426 + 0.0022
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CLU.COU. Performance

Particle Identification . .oomevs

gas mixture = 95%He+5%iCsH1o  Nei = 10/cm experiment:

3.68 cm 92 cm
oo - s am theory:  trunc. mean:

statistica

37cm| 3845|1639 9.69
920cm | 882.30| 70.82 63.39

120 160 500

Numero di cluster T |_a...,,-._f_-.,.a,.l}.fj'"’ﬁ‘:"‘il"'r—l'f'"’j""’
CLU.COU. chamber expected dN_/dx resolution for a 1.5 m m.i.p. at 13 cluster/cm:
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CLUCOU Drift Chamber

Hexagonal cells f.w./s.w.=2:1

height:
104 cmatr= 225 cm
1.6bcmatr=145.0 cm

(max. drift time < 300 ns |)

16 superlayers at alternating
stereo angles +50 + +150 mrad

32000 sense w. 25 um W
83200 field w. 100 um Al

easy t-to-d r(t) (1 parameter)
18
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CLUCOU Drift Chamber

Layout and assembly techniq

F. Grancagnolo

Gas = 0.0008 X,
Wires = 0.0026 X,

9th ACFA ILC Physics and Detector Workshop

ue
Length:
34matr=225cm
30matr=147.0cm

Spherical end plates:
C-f. 12 mm + 30 um Cu

(0.047 X,)

C-f. 0.2 mm + 30 um Al
(0.001 X,)

Outer cylindrical wall:
C-f./hex.cell. sandwich
held by 6 1dir. struts
0.020 X,)

Retaining ring
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CONCLUSIONS

A drift chamber a la KLOE with cluster counting (> 16Hz, > 2G6sa/s, 8bit)

. uv\LT_dnm sampling throughout the active volume
» 32000 hexagonal drift cells in 16 stereo superlayers (150 mrad)

- cell width 1.04 = 1.65 cm (max drift time < 300 ns)

-+ 32000 sense wires (25 um W), 83200 field wires (100 um Al)

* high efficiency for kinks and vees

- spatial resolution on impact parameter 6, = 50 um (o, = 300 pum)
* particle identification o(dN,/dx)/(dN_/dx) = 2.3%

* transverse momentum resolution Ap,/p, = 3.5-10> @ 7.0-10-4

» gas contribution to m.s. 0.08% X,, wires contribution 0.26% X,

* high transparency (barrel 2.5% X,, end plates 4.8%/cos0 X,)

- easy to construct and very low cost

is realistic, provided:

20
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Commercially available chip

Ei?&;;i,sgéhi'%;ﬁzﬁ 3 :fﬁ mplifier http://datasheets.maxim-ic.com/en/ds/MAX108.pdf

Features
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F. Granca

Status (up to yesterday)...

*\rudimentary experimental set up made of
> scintillator telescope for c.r. trigger

> cylindrical drift tubes (different radii)
> NIM preamplifiers

> DAQ on a fast digital scope (four ch.)

» sophisticated software system
> GARFIELD and MAGBOLTZ
(to be checked continuously ...)
> counting algorithms

22
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... and perspectives

» Sept. 2006: CLUCOU proposal approved by INFN
+ Jan. 2007: CLUCOU proposal financed by INFN

- preamplifier (high bandwidth: > 1 GHz),
- shaper,

- 8 bits f. ADC (22 Gsa/s),

- memory buffer

- presented funding request at US University-based
ILC Detector R&D Program (DOE/NSF - FY2007).
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Si-ustrip telescope

m 3+3 Measuring view: XYX + XYX

(minimal configuration)

m Tracking plane: run2B 4SVXIV+2Si modules
provided by Fermilab (75um pitch)

m PCI-FPGA based DAQ: PTA card + PMC
mezzanine provided by Fermilab

m Linux&Root based software: RX roots software
provided by C. Ciobanu and T. R. Junk
(University of Illinois)

(last week)
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