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Outline

. The idea behind Quartztof
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Background: FP420 R&D Project

. Hopes to discover or
develop...

. Higgs Boson

» Quantum
chromodynamics

-
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Basic Map of Large Hadron Collider

ATLAS
FP420
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What Is Cerenkov radiation?

. Radiation created as
a charged particle
, travels through a
P“\ medium faster than
 the speed of light in
that medium

=1t

Bct

Kristina Yancey: Quartztof July 29, 2008



Faster timing using Cerenkov radiation

| ':"{"I_ iN_ A (-4 )

‘Number of photons /
created over a / /

certain length

Solid Conical
Radiator (or half-
cone for FP420)
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Geometry

Silicon Detector\ e = Cone optimized for 689
nm (1.8 eV)

| s Cone angle 23.3°
Off-axis

clechlical | Off-axis Parabolic

Absorbing Cylinder Mirror .

s Focal Length = 76.2 mm ‘

Quartz Cone
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CAD (by John Rauch, FNAL) and Physical
Prototype, courtesy of Mike Albrow, FNAL

Kristina Yancey: Quartztof July 29, 2008



Toolbox

Simulation Framework= Geant4
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Optical Properties for Quartz

| Refraction Index as a function of wavelength | | Absorption as a function of wavelength |
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Spectrum of Light Created

avelength

Photon Wavelength En:m 95452

250 Mean 337.7

= RMS 125.7
200
5150_—
[ B
: =
9 a
I-H1l.'ll]_—

B e e e e e

400 500 600
Wavelength [nm]

M
= —
=]
L
=
=
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Results using on-axis proton beam

_ g |
Kristina Yancey: Quartztof July 29, 2008
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Beam position on Detector

beam
Arrival x vs y on Detector Entries 2160
30 Mean x  0.4953
_ Meany -0.01424
B RMS x 4.821
20— RMS y 4.791
10—
E
E o~
- =
10—
20—
3 [ | ] | | | | | | ] ] |
%0 20 10 0 10 20
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Arrival of Beam on Detector

time
Arrival Time on Detector Entries 2160
Mean 1.132
250 RMS _ 0.01708
200—
0 = 1]
n 150—
E =
E -
E s
& 100~
0 ~15 psec —
__I_LLll_.LI|]II|III|L_|J_J|III|I I|I |JJI
1[!02 104 106 108 11 112 114 116 118 1.2
Time [nsec]
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Time as a function of radius

1.16
1.155

115
1.145

Time [nsec]
-y
--I.. s
Cad -k
n b

-
-
Cad

1.125
112
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tr

Arrival t vs r on Detector

Entries 2160
Mean x 1.915

Meany  1.121
RMSx  1.329

RMSy 0.006421

P T Y ey
; s mmEATAT T
o P e
e B A ST
1 1,1 5 -_-.._.-I.- A
: B

1110'

Radius [mm)]

4.5 5
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Profile plot w/ fitted quadratic of t(r)

1.145

1.14

1.135

e
-
e

Time [nsec]

1.125

1.12

1.115

Arrival t vs. r on Detector
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= htr e

_ | Entries 1990

— | ¥/ ndf 751.7 117

_ | po 1.414 £ 0.000 _+_

- | p1 0.002434 + 0.000069 —*— ,-—"”

_ | P2 0.0003698 + 0.0000209 A
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al ey

= -
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Arrival Time adjusted: tO = t-p1*r-p2*r?

Adjusted Arrival Time on Detector
800
500 %
o [ timecor |
L 400—
c = Entries 2160
ﬂ & Mean 1.105
o 300—
> = RMS 0.01509
L B
3 y2 | ndf 1172/ 46
200
= Constant 4248+ 1.74
100 :_ Mean 1.097 + 0.001
B Sigma  0.01629 + 0.00044
'_I | | | | | 1 | . | | | | | I. | | | | | | | | | | | | |
‘P.I]Z 104 106 108 11 112 114 116 118 1.2

Time [nsec]
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Arrival Time adjusted by t(r),
within r=4 mm

timecor
Adjusted Arrival Time on Detector R T
= Mean 1.194
600— RMS 0.001153
B ¥ { ndf 10.61/3
= Constant G44.2 + 25,3
500 — Mean 1.414 £ 0,000
_ Sigma  0.001249 + 0,000032
0400 — 1.25 ps
1))
B E
n =
300 —
> _
L =
200—
100— J
[= | i i | i i i | i i | i | | | | | | | | | | | | | | i | i
02

P

104 106 108 11 112 114 116 118 1.2
Time [nsec]
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First Results using off-axis beam
0.5 mm up from origin

g
S .

i
|
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Beam Position on Detector

beam

Arrival x vs y on Detector Entries 2159
30 Mean x -2.896
= Meany 0.0004212
B RMS x 5.726
20— RMS y 5.596
10| =
E L o
E o
- =
10—
20—
Z I | I | | ] | l ] | | | | | ‘I 1 | ] | | ] I I ] | I | I |

P
L=

-20 -10 0 10 20 30
X [mm]

20
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|  Arrival x on Detector | beamx |_Arrival y on Detector | beamy
E 140 Entries 2159 E 160— Entries 2159
o L Q C
2 RMS 5726 || & F o e
- _ 2| ndf 243.1/ 58
100/ 21 ndf 157.3/63 || 12OF B /
B Constant  96.09+ 2.89 100 chnsat PRIEAN
- - Mean  -0.004618+0.121713
= Mean -3.329 £ 0.122 = '
- % B0 Sigma 5.2840.15
- igma 4.99+0.10 2
C 60—
- 40—
— 20
B : | | | | Ik | L L 1 I} | 1 1 1 1 | A l Il J— Il (| Il
%0 20 A0 0 10 20 30
| y [mm]
| Corrected Beam Position | Ent::i:r 2.759
30 Meanx  0.433
L Meany 0.00504
- RMSx  5.726
20— RMS y 5.596
10—
E
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= =
10—
20—
-3 : L i Il ! | L Il i L | 1 L 1 I} | S 1 1 | | i 1 1 | Il ! Il !
%0 20 10 0 10 20 30
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Arrival Time, no adjustments

time
Arrival Time on Detector Entries 2159

200 Mean 1.133
RMS 0.01711

180
160

140

Events/nsec
o
=
III|III|III|III|III|III|III|III|III|III|
rl_l_l

|||—|—-"..J.-III|III||L||III|III|II |||I

10. 104 106 108 11 112 114 116 118 1.2
Time [nsec]
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Arrival time as a function of r
(radius corrected for beam position)

Corrected Arrival t vs. r on Detector
1 -1 ZE htraﬂ
Entries 1960
Mean 2.754
Mean y 1421 B
1.126| rus 1.28 K /
RMS y 0.007945
¥2 | ndf 2B.62 /17 pe
pl 1.121+ 0,001 f
1.124 p1 0,00248 + 0.00060 A ‘

lE. p2 0.0006863 4+ 0.0001228 _I_,.r"r
- E = _‘_ l L .*i
1122 E

= & 4 | |
= 13‘— A | ,f"'f—+—
1127 e +_ L = +_ |

Radius [mm]
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Arrival Time adjusted by t(r)

Adjusted Arrival Time on Detector timecoroff
Entries 782
[ § Mean 1.122
160— RMS 0.007368
= ¥ [ ndf 238.2 1 21
140 —
B Constant 137.3+ 8.8
120— Mean 1,119 = 0.000
o E Sigma  0.002848 + 0.000141
21001
2 T
& 80—
> =
L =
60—
= | | j\l | | | | | — | | | [ —

I|||III|III|III||
10.02 104 106 108 11 112 114 116 118 1.2
Time [nsec]
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y [mm)]

Arrival x vs y on Detector

beam

Entries

4315

50 Mean x 0.3611
= Meany -0.009833
40— RMS x 5223
= RMS y 5.113
30 =5
20 ;—
10—
0
10 ;— R
20 ;— 1
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I]5 -30 20 10 0 10 20 30 40 50
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y [mm)]

Arrival x vs y on Detector Entri :am 3590
50 Meanx -2.976
2 Meany .0.2374
40— RMS x 6.417
= RMS y 6.384
30—
20 ;—
10 ;—
0—
'1ﬂ :_ A
-20 ;— 1
-30 ;— T
-40 ;—
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beam
Arrival x vs y on Detector Entries 2120
Meanx -6.544
Meany -0.03071
RMSx  7.892
RMSy  7.061

30
20

y [mm)]

.
n

40 30 -20 -10 0 10 20 30 40 50
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y [mm)]

50
40
30

20

.
n

Arrival x vs y on Detector

heam
Entries 2083

Meanx -9.633
Meany 0.02962

RMS x 9.644
RMS y 8.815
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40 30 -20 -10 0 10 20
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y [mm]

beam

Arrival x vs y on Detector Entries 9594
50 Meanx -11.13
= Meany  .0.24
40— RMSx  10.44
= RMS y 10.2
30 =5
20—
10
0=
10— A
20 1
30— T
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In Conclusion

. Quartztof is sensitive to shifts in the beam

On-axis protons behave ideally, but more effort
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