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Higgs Recoil Mass

e

m Benchmark measurement is the measurement of the
Higgs recoil mass in the channel ete — ZH

= Higgs recoil mass resolution improves until

Ap/p? ~ 2 x 10>

= Sensitivity to invisible Higgs decays, and purity
of recoil-tagged Higgs sample, improve accordingly.

= Example:

= s =300 GeV

= 500 fb!

m beam energy spread of 0.1%
s Goal:

m M, < 0.1x T,
= M, dominated by beamstrahlung

Tracking R&D Review, Feb. 5-8, 2007, Bejjing, — M. Demarteau
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From Gluckstern:
2 2
(5%) :( 2 \@) +(o.om(ee.wc) L ]
L VN+4 LAp, sind 1\ X,
K:%) p:p/().?»B @ILC,forB=5T,L,=15m

b, £, g72x107 L
pf «/ +4  p, sm0 | X,

3 N =150, L ~ 2m

g _ _ 2 hex. cell

1L _ 6 _ 2 (1 cm? hex. cells)

IN+4 4x10 —X =2x10 60.000 sense wires
+ 0 120.000 field wires
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Multiple scattering contribution (equivalent L/X):

— 1.8 %103 (X, = 0.35 cm)
— 2.2x103 (X, = 8.9 cm)
— 15x 103 (X, = 1300 m)

60.000 20 um W sense wires

120.000 80 um Al field wires
2 mgas (90% He + 10% iC,H,,)

Equivalent L/X, = 5.5 x 10-3

Sagitta measurement contribution (in 1 plane):
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Momentum Resolution
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2 cm drift tube

few x 10°gain

At;,q i+ time separation between
consecutive ionization clusters,
as a function of their ordered
arrival time, for different impact
parameters. (caveat: electrons!)

In this He mixture , provided that:
sampling frequency of signals > 2 Gsa/s

and rise (and fall) time of single electron

signals < Ins
single electron counting is possible.
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TR ]—v—T

o

2cm diam. drift tube
gain = few x 10

gas: 90%He-10%iCaH10
no electronics simulated

vertical arbitrary units

MC generated events: m

cosmic rays triggered
by scintillator telescope
and readout by:

8 bit, 4 GHz, 2.5 Gsa/s

digital sampling scope - e fro=16 1S
through a 1.8 GHz, x10 ¢ 5o
pr'eamplifier' trigger signal
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For a given set up, and a digitized pulse (1, is constant with a spread < 20 ns)

to = 1',05,r Y ax gives the trigger time
b = j f'v? 1) dt first approx. of impact parameter b
(c/2)2 = r2 - bg? length of chord

N, = ¢/ (MBy) x sin0)  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.drift 'I'lmes
and their amplitudes - ——

P(@i.j), i=1,N,., j=1,N, probability i-th ele. € to j-th cl.

N,
(N-i)! (i-1)

(1-x) N-i i1

probability density function of
ionization along track

D} () =
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Each cluster contributes fo the measurement of the impact parameter with an
independent estimate weighted according to the Poisson nature of the process
and the electron diffusion along the drift path.

The resolution on the impact parameter, ., improves with the addition of each
cluster beyond the first one.

It, however, saturates at a value of , convolution of:

> (position of sense wire; gravitational sag;
electrostatic displacement)

> (trigger timing; electronics calibration; t,)

> degree of knowledge of

> (HV, gas temperature and pressure, gas

mixture composition)

g 500 C . . .
Gy E— e Fit to resolution function:
3 (from KLOE data)

A =770+ 14 pm -
n, = 12.9.+0.1 cm! Gp = 90 um
op T et op = 140 um cm-/2
--'-?--'-"'::..'_':."::_'_:_:_'_:_:.::_::_'_.'._'.::.:..'_::_'_;:_::_t_t_:__:_-_ O = 4.8+0.2ns
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Particle Identification

gas mixture = 95%He+5%iCaHi0  Nci = 10/cm

M0 [ i s experiment:
200 b 175 _- n/u=130c
5 \g@g\
160 F ((\‘3@,6 J\© theory: trunc. mean:
: > O R : n/u=20c w/pn=050c
120 - ST |
- e@. e R
SRS Q B _
80 L 7.5 - statistica fit
B i traccia | Ny |rms | Ny o]
i 5 - 3.7cm| 41.17]1591] 36.34| 883
0 - i 7T 1920cm| 97820 60.53 | 982.50| 65.08
i 25 - 3.7cm| 3845|1639| 3407 9.69
- i ] M\ 920 cm | 88230 70.82| 89620 63.39
0 ! 0 Ut [t L1110
0 120 160 500 750 1000 1250 1500

Numero di cluster Numero di cluster

CLUCOU chamber expected dN_/dx resolution for a 2 m m.i.p. at 13 cluster/cm:
o(dN_/dx)/(dN_/dx) = 2.0 %
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4thConcept ILC Drift Chamber

Layout and assembly technique

TOTAL = 0.028 X,

Gas = 0.0015 X,
Wires = 0.0040 X,

Length:
34matr=225cm

30matr=147.0 cm

Spherical end plates:
C-f. 12 mm + 30 pum Cu
(0.047 X,)

Inner cylindrical wall:
C-f. 0.2 mm + 30 um Al
(0.001 X,)

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

Stiffening ring

12
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A T L I P Hexagonal cells f.w./s.w.=2:1
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>90% sampled volume
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Summary for ILC

A drift chamber a la KLOE with cluster counting (2 1GHz, > 2Gsa/s, 8bit)

» uniform sampling throughout >90% of the active volume

-+ 60000 hexagonal drift cells in 20 stereo superlayers (72 to 180 mrad)
» cell width 0.6 + 0.7 cm (max drift time < 300 ns)

»+ 60000 sense wires (20 um W), 120000 field wires (80 um Al)

* high efficiency for kinks and vees

- spatial resolution on impact parameter ¢, = 50 um (o, = 300 pm)

* particle identification o(dN_/dx)/(dN_/dx) = 2.0%

* transverse momentum resolution Ap,/p, = 2:10° p, @& 5-104

» gas contribution to m.s. 0.15% X, wires contribution 0.40% X,

* high transparency (barrel 2.8% X, end plates 5.4%/cos® X +electronics)
- easy to construct and very low cost

is realistic, provided:

- cluster counting techique is at reach (front end VLST chip)
- fast and efficient counting of single electrons to form clusters is possible

* 50 um spatial resolution has been demonstrated

F. Grancagnolo. INFN - Lecce @ / 5f 4’_’;5“/9 er B torkslicr

------ g-l, 2007

14




A CMOS high-speed front-end
for cluster counting techniques
in ionization detectors

A. Baschirottol, S. D" Amicol, M. De Matteis!, F. Grancagnolo?, M. Panareol2, R. Perrmo?, G. Cliodini?, G.
Tazgielli??

to be presented at

IWASTI 2007

2™ TEEE International Workshop On
Advances= in
Sensors and Interfaces
26/27 June 2007 - Bari, Italy IWASI| 2007
http:/fiwasi.poliba.it
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Downscaling to SuperB
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SuperB Drift Chamber

Layout and assembly technique

TOTAL = 0.023 X,

Gas = 0.0014 X,
(80%He+20%iC,H,,)
Wires = 0.0004 X,

Length x Diameter :

~28mx08m
Spherical end plates:

C-f. 6 mm equivalent
+ 30 um Cu (0.024 X,)

Inner cylindrical wall:
C-f. 0.2 mm + 30 um Al
(0.001 X,)

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

Stiffening ring
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R L I T S UL NI Hexagonal cells f.w./s.w.=2:1
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Summary for SuperB

A drift chamber a la KLOE with cluster counting (2 1GHz, > 2Gsa/s, 8bit)

» uniform sampling throughout >90% of the active volume

- 18000 hexagonal drift cells in 10 stereo superlayers (72 to 130 mrad)
» cell width 0.6 + 0.7 cm (max drift time < 300 ns)

+ 36000 sense wires (20 um W), 36000 field wires (80 um Al)

* high efficiency for kinks and vees

- spatial resolution on impact parameter 6, = 50 um (o, = 400 pm)

* particle identification o(dN_/dx)/(dN_/dx) = 2.3%

* transverse momentum resolution Ap,/p, =0.9-103p, @ 1.5:103

» gas contribution to m.s. 0.14% X, wires contribution 0.04% X,

* high transparency (barrel 2.3% X, end plates 2.7%/cos® X +electronics)
- easy to construct and very low cost

is realistic, provided:

- cluster counting techique is at reach (front end VLST chip)
- fast and efficient counting of single electrons to form clusters is possible

* 50 um spatial resolution has been demonstrated
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