
te
l-0

05
83

99
8,

 v
er

si
on

 1
 - 

7 
Ap

r 2
01

1

http://tel.archives-ouvertes.fr/tel-00583998/fr/
http://hal.archives-ouvertes.fr


te
l-0

05
83

99
8,

 v
er

si
on

 1
 - 

7 
Ap

r 2
01

1



te
l-0

05
83

99
8,

 v
er

si
on

 1
 - 

7 
Ap

r 2
01

1



te
l-0

05
83

99
8,

 v
er

si
on

 1
 - 

7 
Ap

r 2
01

1



β

β
β
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300mrad

bb

bb̄

2.0 ≤ η ≤ 5.5
L = 2 × 1032cm−2s−1

3 × 1011 bb
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µ σbb/σinelastic

z

7TeV bb
250µb 3.5TeV
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Pt
1cm

1034cm−2s−1

2× 1032 − 5× 1032cm−2s−1

n = 0
cm−2s−1

3.5TeV
≈ 400 β∗

2.5m 2.7
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z
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z
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pp

z −50cm 1m
n+ n

n+ p
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3cm
8mm

z
1.5cm z

r
φ

r− 45◦

45◦

r− 8.2mm 41.9mm
38µm

102µm
φ−

8mm 17.25mm
±20◦ 17.25mm 41.9mm ±10◦

φ−
r− 39µm

97µm
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z
2.5m

27cm

±5◦ U − V

K0
s

p+ n

%B
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|B| 1.1T
y z 4.7m x− z∫

B.dl ≈ 4Tm
200GeV

x

11 22cm
4m2

±5◦

p+ n 198µm

6.0×4.9m2

±5◦
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4.9mm
CO2 O2 50ns

190µm

C4F10

te
l-0

05
83

99
8,

 v
er

si
on

 1
 - 

7 
Ap

r 2
01

1



2.5× 2.5mm2

25ns

60GeV n = 1.03 10GeV C4F10

n = 1.0014 10GeV 60GeV

15GeV 100GeV
120mrad

CF4 n = 1.0005

C4F10 CF4

5mrad
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6.2× 7.6 m2 6.3× 7.8 m2 6.8× 8.4 m2

180mm 2.5X0 0.1λI 25X0 1.1λI 5.6λI

10%/
√
E ⊕ 1.5% 80%/

√
E ⊕ 10%

ET ET
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2 mm 12× 12 cm2 6× 6 cm2 4× 4 cm2

25X0
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12× 12 6× 6 4× 4cm2

26.2×26.2 cm2 13.1×13.1 cm2

5.6λI 1.2m
4mm

80cm
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2× 1032cm−2s−1 pp 16MHz
12MHz

bb̄

Pt

1.1MHz

4µs
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70MBs−1
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2×2
Et

π0

Pt

Et
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E× sin θ
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Pm

Buffer Integrator

Vss

Vdd

Analog Chip

BICMOS 0.8 um Integrated circuit
        4 channels per chip

+

-

5 ns

25 Ω

65 Ω

27 Ω

45 Ω

12 M Ω

33 Ω
37 Ω

51.1 Ω

33 Ω

330 Ω

3.3 kΩ1.5 K Ω

25 ns

110 Ω

2.2 nF

470 pF

27 Ω

22 nF

1.07kΩ

  ADC
12 bits 40 Mhz

4 pF

2.7 kΩ

4.7 kΩ

1 nF

1 nF

4.7 kΩ

4.7 nF

+3 V

10kΩ

20 kΩ

20mA 25Ω
1V 250Ω

250µV Et = 2.5MeV
10GeV

25ns 2%

±2ns

B → K"γ

Pt
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4pF

20MHz

25ns

25ns 25ns ± 0.5ns
100Ω

4.7nF

≈ 2µs
4pF

2kΩ

≈ 22ns ≈ 4ns
0 ≈ 25ns

300Ω 51Ω
250Ω

1.07kΩ

10kΩ 20kΩ

250Ω
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! !

(fit−signal)/signal

±1%

0.5%
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! !

1.5%

A
B

A =
m events∑

j

(
n channels∑

i

xij − x̄

)2

= m
(
n2σ2

coh + nσ2
incoh

)

B =
m events∑

j

n channels∑

i

(xij − x̄)2 = m× n
(
σ2
coh + σ2

incoh

)

σcoh σincoh A B
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ns 25ns

n × 25ns

√
t

0ns

σ2
incoh = 0.60 + 0.02× t in ADC2

σcoh = 0.08 + 0.5× 10−2 × t in ADC

25 50ns

≈ 1.3
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3 × 3 3.5 2.4 ∼ 8.8MeV ∼ 6.0MeV
Pt

4pF

2pF

±2ns

! !

(25 + 50)/2 = 37.5ns
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∆t(500/333Ω) ∆t(500/333Ω) ∆t(500/333Ω)
VIL

VIH

ns
500 333Ω

333V

Et 2 × 2
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±2ns

I2C

25ns

(25+50)/2 ns ≈ 1.3
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x
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25ns

cos θ

Pt

Pt

[5, 16] ns

n n

cos θ
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280MHz
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2pF 4pF
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!"#$
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±2 ns

±2 ns
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±1 %

≈ 1.3
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≈ 1.1

17

α
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2× 25ns

3 × 25ns
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16× 4
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≈ 100ps
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◦

≤ 49◦

≥ 54◦ ≤ 60◦

≤ 49◦

≤ 49◦

≤ 49◦

≥ 60◦ ≤ 65◦

≥ 60◦ ≤ 65◦
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148× 1012

66× 1012

130× 1012

15× 1012

30× 1012

350× 1012

350× 1012

2.8db/km
100m

9db
1014
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L
V = Ldi

dt i
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z

nF

35µm
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I2C
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t0 − 1 t0
t0 + 1 t0− 2 t0 + 2
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t0 − 1 t0
t0 + 1 t0− 2 t0 + 2
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pp

L = 5 × 1032cm−2s−1

2 × 1032cm−2s−1

π cm−2year−1

z 12.30m
13.32m

3.5m
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f + f ′ → f + f ′
f + f̄ → f ′+ f̄ ′
f + f̄ → g + g
f + g → f + g
g + g → f + f̄
g + g → g + g

pt

107s
π

z = 12.30meters

3.7× 106s
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−2 −1 z = 12.30m
z = 13.32m x y

100MeV

f(x) = Ae−Bx + CxD

z = 12.30m z = 13.32m
cm−2year−1MeV−1 2.2× 109 1.8× 109

MeV−1 0.27 0.28
0.43× 109 0.49× 109

−0.87 −0.89

z
12.30 13.32m
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all particles

Neutrons

Protons

K mesons

π mesons

Fit (z=12.30m)

Fit (z=13.30m)

cm−2year−1MeV−1

z = 12.30m
z = 12.30m z = 13.30m

4.2× 109

108cm−2s−1 200MeV
4cm 200MeV 4MeV. −1 2

6.5rad. −1
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107

10.7 22.6krad

90MeV/

107
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10−7µm−1

58MeV/

15MeV.mg−1cm2
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−2

µ . −1 2

2.4× 107 2.4× 107

2.4× 107 3.0× 107

2.4× 107 2.3× 107

2.4× 107 2.4× 107

43mA 52mA

6MeV.mg−1cm2 ∼ 1.5MeV.µm−1

dE/dx
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10-1 1 10 102 1030

2

4

6

8

10

12

14 H
He
Li
Be
B
C
N
O
F
Ne
Na
Mg
Al
Si

dE/dx (MeV.cm2.mg-1)

E (MeV)

6MeV.mg−1cm2 1.5MeV.µm−1

15MeV.mg−1cm2

10-1 1 10 102 10310-11

10-10

10-9

10-8

10-7

10-6

10-5

H
He
Li
Be
B
C
N
O
F
Ne
Na
Mg
Al
Si

Probability (um-1)

E (MeV)

µ −1

1

1 2MeV
10−7µm−1

10µ
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2× 10−6

10µ
10µ

µ

sSEL sKr

1− sSEL − sKr

[sSEL, sKr]

sKr > 10−8

LET ≤ 15MeV. −1 2

sKr < 10−8

sLimit sLimit = 8.9 × 10−9

8.9 × 10−7%

8.9× 10−9

6MeV. −1 2 2× 10−6

1.8× 10−14

30MeV 4.2 × 109years−1 −2

N14

Si28 ∆Q = 29MeV 30MeV
30MeV 1GeV
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0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

s
SEL

s
K
r

10
-11

10
-10

10
-9

10
-8

10
-11

10
-10

10
-9

10
-8

[sSEL, sKr]

[sSEL, sKr]

14

sLimit smin

year.chip−1)
8.9× 10−9

3.9× 10−8

1.3× 10−7 4.0× 10−8

5.0× 10−7 1.3× 10−7

3.1× 10−7 5.7× 10−8

8.1× 10−5 2.7× 10−5

sLimit

smin

2× 10−6 4.2× 109cm−2year−1
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γ

s
sion

1 − s − sion

[s, sion ]
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[s, sion ]

sion > 6.2× 10−8

sion < 6.2×10−8

slimit = 6.2× 10−8
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file://localhost/Users/marechal/Downloads/http//www.srim.org
http://www.wxwidgets.org/
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