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LUCID location and purposes

LUCID: LUminosity Cherenkov Integrating Detector

- LUCID is made of two
modules located at 17 m from
the interaction point

* LUCID is designed to
measure the luminosity up fo
L=4x1033 cm-?s-1

- Sensitive to charged
particles pointing to the
primary pp collisions

Location of LUCID modules inside ATLAS

1 Array of gaseous Cherenkov detectors having the following purposes:

" Measure and monitor the ATLAS RELATIVE LUMINOSITY
integrated over the time and for each Bunch Crossing

= Provide an INTERACTION TRIGGER

(1 When calibrated, LUCID will provide the ATLAS ABSOLUTE
LUMINOSITY measurement
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LUCID detector principle

—— PMT read-out

r—

Cerenkov tube

Particle from IP

* Internally reflecting aluminum tubes
- Filled with C,F,,
» Cherenkov light piped to a PMT end

» Cherenkov emission tipically at 3°

v Fast detector responce (few ns)

v allows for single bunch crossing detection (25 ns spacing)

v’ Light design: intrinsically radiation tolerant

v" Background suppression

v" Cherenkov threshold: 2.8 GeV/c for min gas

v’ Geometry: tubes are pointing to the pp interaction region
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Detector Description

L LUCID eta coverage 5.61<1<5.93
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LUCID Readout Scheme

2x16 tubes are directly coupled to photomultipliers (PMT)
PMT must stand the high radiation environment (0.7 MRad/y)

1500 mm 88 mm

Hamamatsu
R762

15 mmI Cherenkov tube

MAPMT- Hamamatsu R7600

) 1500 mm _
/C/ Fiber bundle
15 mm herenkov tube >N -

Bm
MAROC2 chip

2x4 tubes are coupled to a multi-anode PMT via Aluminium cones and optical fibers
Better for high luminosity runs (MAPMT not exposed to high radiation doses)
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Gamma and Neutron irradiation tests

y: 0Co, E=1.22 MeV n: ENEA Casaccia Reactor
Total dose: 20+1 MRad in 22h E=100 keV (average)
30 years of LHC in phase T 1.5 h at 5x10%4 n/s
total dose equivalent of 20 years
v No effects on gain and on of LHC in phqase I U

spectral responce;
v Increase of dark current

v" Darkening of the glass, no
change on the quartz window

v" No effects on gain and on
spectral responce;

v Increase of dark current

v" Activation of short lived nuclei
(Al, 12min )

No relevant radiation effects
foreseen during the first years
of LHC running (low lumi)

Mauro Villa - TEEE 09 - Orlando 7



The LUCID readout DATA FLOW

lefe_rentla 100 m Differential Digital hits
Line . 5 | ReadOut
7 drivers Receivers

Lumat
Board LUMI Mo@

)
on Counting
gt | G
“%YFADC,QDC| \lrigger

Digital
'lB_ED < 100Jm Converters [~
OX — PL$D ) Calibration,
ulser local data flow,
O HITS on the ATLAS T-DAQ data flow slow control

d Algorithms for on-line luminosity implemented in the
LUMinosity And Trigger monitor card

d FAST TRIGGER on HIT multiplicity

1 Signal charge, shape and calibration on local VME data flow

d TIME and AMPLITUDE analysis on signals off-line
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LED CALIBRATION DATA

Signal Q,: 17-45 ch/pe Single photoelectron signal
! after ~100 m cable
1 photo electron (pe) peak LUCID READS SINGLE BUNCHES!
107k \\jbeo QDC Ch O S 15 ns
g 0% ‘ /ﬁ
CEEEEEEE | ST R R S e . e
£ o0 | ] ~15mV
1
‘ szeie i
: BEE TN R

Noise o 5_9_,
Pedestal width| N o,

Typical 1 track signal ~ 70 pe
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LUminosity Monitor And Trigger card

v 9U VME Board
v" 5 piggy back boards
v’ 4 Fast FPGAs

v" Programmability
v’ Flexibility

To DAQ

Performances:
40 Mhz bus clocks

Goals

v" Luminosity evaluation
¥ Several algorithms

v' LUCID event DAQ

v" LUCID Monitoring

v" LUCID Triggers
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Methods to measure luminosity

The rate of the pp interactions (R,,,) seen by LUCID 1s proportional to the luminosity (L):

filled BX

. ’)Q}O({ )
> Bunch crossing rate = ==—° X 40 Mhz
3564 ¥—total BX

Rpp = MruerpJx = Opp Erucip L
Efficiency (and acceptance) of LUCID
/ \—r To detect a pp interaction
Number of pp interactions per bunch-
crossing (BX) as measured by LUCID.

Zero Counting On and Off-line

/ “zeroBX
. : : : - —[n| =£rooa
Count bunch crossings with no mteractions: Hivem

Nfo talBX
Hit Counting On and Off-line

Count the number of tubes with a signal (hit):

Particle Counting m

Count the number of particles in LUCID by doing
several cuts on the pulseheight distributions:

B = NyiteBx ~
MLUCID - Nhits..fpp .

. NparticleszX B
<

Hruem =
Npar‘ricles_f'pp =
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Hardware simulation of LHC beams

v" Waiting for the data, we have an hardware beam simulator:

- o LT LWL
Luminosity on o _
A bunch-by-bunch S5
Basis (25 ns) =2 F
O = 1.5
c g E
A grand total of 6 luminosity = = E Hit counting
a[gar'/'fhms ava/'/ab/e OOEI — IS[IFUI = I1|Z'|‘IE.'I[JI — I‘15|DUI I IZQIUDI I 25|DDIII|I U I.'llﬂl[][l I IBSIDD
Bunch ID
— _ o . .
Lummosu‘ry measured every ‘.-03 o 1% lumi reduction per lumi block
0.1-10 minutes (lumi block) | © % asf- Zero counting
. e -
fOr‘ Cl” The T'me (__U CC) 2| > Hit Counting
O |
c € sf
D 32
Algorithms and infrastructures | °%F
PR R ST N N TN S TR AN SO TR T T AN TR TR T N N T

ready for real datal T

Luminosity block (time)
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LUCID beam tests

J A systematic test of tubes and gases has been performed at the
H6 SPS beam line: pions, 120 GeV, 2-3x10° 1*/spill

[ Gas studied: C,F,,, Isobutane, Nitrogen. Pressure 150 to 1800 mbar

] External trigger on scintillators

 Tracks measured with a microstrip system (SLIM5 exp.)

Si pstrip

i

Si pstrip TS
Tracking

Scintillators

Tr'igger'\ &

Scintillators

e\’ T ~ Trigger

120 ©
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Signals types

] Two cherenkov contributions: in the PMT quartz window and in gas
L PMT contribution constant over pressure and angles (|6]<10°)

. osf 8 Quartz window
S °oF £ contribution
> cz— W P=150 mbar
] : '
o2f 1 track required
-04F
-0.8F ]
-0.8F =
i 0t Do 0402 0 02 04 08 02 1 AFF—
i -- ok '
gt «— 1track o & Quartz + gas
£ £ contribution
& 2 fracks s P=1800 mbar
10 E r
E 10? E-
10 E
E 10
" pedestal E
U T N R F R E 500 7000 7500 2000 7500
QDC channel QDC channel p



Pressure scan

v’ Systematics tests on pressure and gas type

n(E)>’-1_ aPIT 0 (E)=
ch -

+2 -(EIE)

\/305P/T2 . N, oc P
(1—(E/E0) ) In the low n limit

v' Reflections on the Al walls: N, 0, VP N o N %PR“’
pe ch

400

o W
—
—

ADC counts

Isobutane

- CiFoo //-—‘"'H

Nitrogen

50 1000 1500

2000

mbar
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Al reflectivity

v" Al reflectivity measured
against angles, wavelengths
and polarization

v" Stringent tests for Monte
Carlo (ongoing)
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LUCID detector construction was approved in ATLAS on February 2007
LUCID is optimized to measure directly ATLAS luminosity during phase
I of LHC (Luminosity<4-1033 cm-2 s-1)

The detector was ready on summer 2008 to catch the first LHC beam
splash events

Although some new implementations/maintenances are still ongoing, the
detector is in advanced phase of commissioning
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Trigger rates during the first LHC

rate [Hz]
w g h [=1] b | [<-]
=] S © ©o o
I|IIII|IIII|IIII|IIII|IIII|I
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o

2]
o
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10

3 LUCID
g|l.l,l.u.| LJ MEVSRENENEHANAIS
-500 -400 -300 -200 -100 [imeci o]

1 MBTS - Minimum Bias Trigger Scintillators: Array 16+16 scintillators,
placed symmetrically to the IP, covering 2.1<n < 3.8

J LUCID - At least 1 hit in one of the two arms within 5.6 <1< 5.9

LUCID will provide one of the MB trigger to ATLAS
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Conclusions

v Th?\ LUCID detector is designed to provide ATLAS
with:
" Luminosity monitor on-line/off-line
" Luminosity for each Bunch Crossing and Integrated
" Minimum Bias Trigger
" Beam Control monitor

v/ LUCID is a _running detector in advanced status of
commissioning

v’ The luminosity will be measured using a combination of
many methods

v' A beam test has been performed to check tube
performances in several experimental conditions -
systematics used to tune the MC. Analisys ongoing.
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POINT 6
Dump

POINT 3

10:10:00 AM  10:15:00 AM 1002000 AM 1 10 g 3 2 Momentum - —
. °:g Clearing

POINT 7

| Betatron
Cleaning

LUCID With BEAM 1 |- " - |

Beam 1 POINT 1 Beam 2
Atlas

TI2 TI8

(1 LUCID recorded the very first LHC “splash” events from
the two beams
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Gamma irradiation tests

Anodic current (nA)

102

10

-

Anodic current (nA)
-
s 2

10"

10*

| Gain curves for PMT/g before and after irradiation I

Gain

‘ - PMT/g before irradiation

| - PMT/g after irradiation

a=7.12 £ 0.10
a=7.1510.10

T IIIII|T| ] |||||IT| 1 IIIIHI| ] IIIH]II 1]

PIRFHATA S S SO MO (AP (VMo O L A (US| er il
400 500 600 700 800 900 1000 1100 1200 1300
Voltage (V)

| Dark current of PMT/g before and after irradiation |

;—| - PMT/g before irradiation /

E =

E ’- PMT/g after irradiation I / Dark

3 /-"/ current

B //

[ ] I s S ] I A A A IS S A i ) ] [T FE
400 600 800 1000 1200

Voltage (V)

Anodic current (mA)

v:60Co, E = 1.22 MeV
Dose = 20+1 Mrad
30 years of LHC in phase I

| Scan on wl for PMT/g before and after irradiation I

0.5
naSE Spectral
0.4
E Response
0.35F
0.3
0.25
0.2
0.15 ;—
9 é_ 1“ Before irradiation
0.05 ;— ‘ B After irradiation
; 1 1 1 1 | 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 L I I 1
200 300 400 500 600 700 800

Wavelength (nm)

No relevant effects for phase I

Mauro Villa - TEEE 09 - Orlando

24



Anodic current (nA)

nA)

(

Anodic current
5 - s - -
a &8 % /% 9 %

e e e
e o o o o
[ IS & [ S

Neutron irradiation test

Gain curves for PMT/n before and after irradiation |

[ a=6.63+0.30

Gain —

T a2

- PMT/n before iradiation

= 6 34 i G 2@ BB PMTIn after irradiation

L e | e [y
1000 1050 1100 1150 1200 1250
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0 200 400 600 800 1000 1200
Voltage (V)

n: ENEA-Casaccia reactor
E =100 KeV
Dose = 10 years of LHC in phase I

Anodic current (mA)

0.6
0.5
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0.4 ] ¢+ 1t .'Li i |- After irradiation
C ] T l \ T I
B J o S r 4 W
03— i p—" e
E . GO T . )
02:_‘:';“ ?'.'.‘-.f".éo'T
F 4 Spectral !
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= S
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No relevant effects for phase I

Mauro Villa - TEEE 09 - Orlando 25



Mauro Villa - TEEE 09 - Orlando



SET UP

Set up del Defector—

LUCID con 6 tubi

- 3 come quelli installati in Atlas CER
- 1 non lucidato internamente CERN RAV
- 1 rivestito internamente di mylar DESY M
- 1 mecchanically polished DESY M

Fascio
2 SC 1sc

_ 2 layer di
2 layer di silicio

silicio




« Tracce ricostruite e fittate nei 4 strati di silicio
Metodo dei residui:
coordinata fittata nel primo strato di silicio - coordinata ricostruita
. informazjoni su gllineamento e risoluzione,(ok per scopi LUCID)

silicio entro 0.5 mm della regione aspettata
Precisione dell'estrapolazione delle tracce nel LUCID ~20 ym

| Residuals in X at T0 | ResiXTO | ResidualsinY atT0 | ResiYTO
- e o 10° £ Entries 111545
C E Mean 0.0003217
L Mean -0.001587
i RMS  0.001363
10 3 RMS  0.001588 10° L
10° 10°
10°F 107
10= 10}
I[|,| IIIIlIII III E IIIIII IIIIIIIIIIIIIII
-01-003-005-004-0020 00200400500301 -01-003005-004-002000200400500301

mm mm

o Tracce ricostruite e fittate nei 4 strati di silicio
« Metodo dei residui:

coordinata fittata nel primo strato di silicio — coordinata ricostruita
wforgazioni su allineamento e risoluzione (ok per scopi LUCID)
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CONDIZIONTI DEL FASCIO

[ e iiiiin“j

File: HBB jiﬂ? Homentum: +120 GeVic — Comment: FM HAD (PO off, H=+130) PARALL W H6B; SILC 2005 GS C ' o

N / Direzione X:

. ‘ “scatola” di ~2 cm di
b larghgezdone V:

PEEEEE : “gaussiana” di o = 5.7
5 | / T§Bx10m protoni per bunch
iﬁZZZiE | | dal SPS
i ~2.2x10° pioni positivi
0.0E0D T T rl’i °
. da 120 GeV sulla linea

y(cmjs BiérEh di 9s ogni 30s

o4
0.2

Run a
5212 =

04

-0.6

-0.8
_1'|||||||||||||||||||||||||||||||||||

-1 0.8 -08 0402 0 0.2 04 08 035Yx(icm
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Fascio visto dai layer di silicio




SCAN IN PRESSIONE
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Position +19.85 mm
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Higgs coupling #2

[¥3]
<

° ° g ®.0 H—> 7y
Physics Interest inL 2 R
= R, -

~ Absolute Luminosity: =20 ®L/L=10%
v measure cross sections for standard physics
v measure Higgs production cross section oL
~ observe deviations from SM and New Physics

© Requirements B = W)
v ultimate precision at the 2-3% level — ' ' =

v different methods needed for cross e (G
check Systematic error due

to luminosity (ATLAS TDR)
v __minimize systematics

COMBINED EFFORT FROM DIFFERENT DETECTORS | Beam structure

v Relative luminosity: / ' —
v beam stability |

8

c

3
+ beam degradation (efficient use of trigger® v © - | RN
v evaluate trigger & DAQ dead-time % g\  Beam degradation  BunchID

: =
~ determine beam background & -
— 4

v Luminosity Block spread ;

0 5 10 15 20 25 30
t (hours)
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Luminositz from ILHC Earameters

ky kp
_ 2NNy S NNy kN

Impact surface 410 O, 4rce

L

N,;= number of protons in bunch i of beam x; f=revolution frequency;
o,,0,~transverse beam dimensions at the IP; k, = number of bunches; f*=4
function at IP; ey=c* 0% ,/8* normalized emittance; y=E/m, (~7460)
Accuracy limited by
Extrapolation of ¢,0, from measurement point to IP

Precision in measurement of bunch currents

Beam-beam effects at IP, beam crossing angle, ...
Maximum precision obtainable from machine 5-10%

04/28/2009 Mauro Villa - TEEE 09 - O’ -1 Fabbe



ATLAS Strate

Goal precision on L ~ 2-3%

+Elastic scattering in Coulomb-Nuclear dN|

Interference region to get L and oy, at dt
L ~ 1027 cm2s

soptical theorem as a back-up solution

ALFA detector in Roman Pots

«Luminosity monitor calibrated at low lumi but
working up to L ~ 103%4cm-2s""
LUCID

+Absolute L from QED (pp —ppup) and QCD
(W—lv, Z—ll) processes (need to control PDF)

«Improve Luminosity from machine with ZDC

+Further luminosity/beam monitoring with BCM,
MBTS...

04/28/2009 Mauro Villa - TEEE 09 - O’ -1 Fabbe

= Lx|f. +f,\,|2 ~ LT

Perturbative
QCD o £8

1073 g i [V

20, © -
— ey B iy p)e 2
i Tam P

161 x(dN/dt)L:o
1+p* N_,+N,,

2

fot

O ELven I
Hiucp =
Jax
Ry=0,d

g, 0, from Van der Meer Scan




Absolute Luminosity uminosity Cerenkov
for ATLAS Integrating Detector ?

2010 2009 2008 ﬂ
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LUminosity Monitor And Trigger card

v 9U Board
To DAQ v

v" VME A32, D32
v" 5 board piggy back:
v' Main FPGA

v (Stratix
1))

v’ 2 EPMC
v (cyclone
Ily

v S-link

Performance:
40 Mhz bus clocks
8 Gbit input rate | &
1 Gbit output rate |

v’ Luminosity by BC E " / — a3

v’ Flexibility on luminosity |~
and trigger algorithms wmes ymm \;o‘m UMA M NEI UDEN VDB VIMS NS IS UMW UM USm YRS e
v" Lucid hits in the ATLAS v tmee mfm - timerye

e a1 Lt Fasees]

s R Y EE

i
—

data stream

e (L1 00 T 107 of el ol Lusestsx ]




Luminosity s

Mgy L
LBX ~_inel
Gpp f BX

Npy
= x 40MH.
T5x = 3564 -

L glem-2] Average bunch luminosity
Hax Mean number of inelastic proton-proton interactions per bunch crossing
o,y [em?] Inelastic proton-proton cross section (MB + SD + DD)
L [em-2, s-1] Instantaneous luminosity
Fox [s71] Bunch crossing frequency

6ol =79.2 mb (PYTHIAG.2)
0ol =84.5 mb (PHOJETL.12)

Luminosity ranges from 1027 (calibration)
to 1034 (LHC design)

At design luminosity, ngy = 2808 — gy ~

25 A. Sbrizzi 38
Mauro Villa - TEEE 09 - Orlando



LUCID calibration

f < N... >

11 ; _ BX hits/BX . .

3/16&51;}{%‘1 F‘* — L 6 e o~ <Npo T Measured at low luminosity
16&'&31713 ton \Jpp TLUCID ~ (.29 according to Monte Carlo

method. -

Calibration constant

Initially. LHC Machine Parameters (Precision: ~ 10%)
Medium term. Physics processes, W/Z & pp/ee (Precision: ~ 5-10%)

: | i o a0
Final (>2010) Roman Pot (ALFA) measurement (Precision: ~2-3%)

Mauro Villa - TEEE 09 - Orlando d



Luminosity monitoring

= [1 Hit Counting (coincidence mode) I—
v' Average number of tracks per tube £ | [—we § | | .
per event proportional to luminosity. 10| e gl
v" Monitor bunch by bunch stability. | o mr=60pee
Measure relative luminosity | e mr=T0pe

V" Calibration needed: :
v" LHC machine parameters '
v Know reactions e.g. Z,W

v" ALFA calibration in special sl R i
runs ol

]1'-_1- -] 1 1 1
B e = Fing * Ly
Ly s = =L-c,—> L=
<N>°‘9 <N>'8.Gz’nel
U = average number of interactions per bunch crossing £ = interaction efficiency
<M> = average number of charged particles per bunch crossing Ginel = IN€lastic cross sec.

<N> = average number of particles per interaction



Calibration .

Hpx <M> — kLUC]D > <M> K ucip 1S the LUCID

= O'Z;el - a;’;el X, X <C> calibration constant

Calibration with

Monte Carlo
1

k =
LUCID o
O,, XE,, X <C >

Calibration with Data at low
luminosity (ugy << 1)

&yp and <C> are extracted from single pp interaction events

JALFA,LHC
BX -
<M> is measured by LUCID

<M> Lgy IS measured by LHC or ALFA

kL UCID —

<C> can also be measured by LUCID at low luminosity and cross-checked with MC

12/11/2008 A. Sbrizzi 41
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Summar'z of Sys uncertainties

Mauro Villa - TEEE 09 - Orlando

Mode Calibration Range Systematics
Zero counting Single side Monte Carlo p <2 1%
Zero counting Coincidence Monte Carlo p <2 2%
Hit counting Single side Monte Carlo u <2 2.67%
Hit counting Coincidence Monte Carlo y <2 6%
Hit counting Single side Data any 3%
Hit counting Coincidence Data any u 4%
Thr=50 p.e.
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Tne nmumpoper Oy rejliecliiorio imn ine
Cherenkov tube

— 1 _
cosb. =
pn(E) 3KP ) (DELPHI Cherenk
. o (m erenkov
e ad) B 2) —— Detector coll.)
‘ 1—[5] NIM A 270(1988)289
Y _ m /6’3 ~ SKP >
P ;ZAH for p>3pg [l_[EJ
D=Tube diameter D Ey
8 ~_y
L=Tube Length 9 D Y
tan @ A
tan @ tan @
D/2 ~ ~Yout
Yil 0 X
y V
\r L
* b
tan@
(L-x) [ 3kP Y,
N, (E’ x) ~ D 2 +B In the following we will develop
E
1—(3 all calculation for Yi=0.
Mauro Villa - IZE‘E 09 - Orlando 44




o
©

Transmitted fraction

S
N}

RO

Ll NIM A270 (1988) 289 ity \?
. NIM A270 (1988) 28 F’T(A,P)—;)In{n[l—e I H

Aluminum retlecTivity and lLsobutane

(L—x) [3KP

06 —

D 7 _
1- Cie =€

Combination of 4 3KP
ot | literature and on Fy(A,P)= = In(R(1))
"/ bench measured data . C,. Functions used
omy | EA to fit the data
7 A2 )

X'/nd0.4837E-02/ 7 _ — _ ﬂT

o =I|1-e

- - 0 &=T75cm, P=1bar
(L—x)P

In

hy

T(2,x)=f-(2.x) =

4 0

(L)

Fr(4,P)

170 180 190 200 210 220 230 240 250

Maur« A(nm) EéEE 09 - Orlanc?o
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JioIrmounion

at the tube exit

h !l! !ﬁE”!”l ! . zl‘l“l_ !Illl!,w” Wz , ; o o
p c 2/ ﬂ

1_(%] K = K(293.16°K)
EA 0
MIN L = — ar
:37OXCMX3KPI 1 5 i;ljp(/l,x)xT(/’L,x)dx /}M’” _lion
g | Cag ° Photocathode sensitivity rangle
EA
Table of Constants /
Lp Lp Lp .
Dée s ' |eD'F -t Symbol| Vailue | Units
deh _370><C/1E><3]<P>< 9 1 CiE /|240 nm-eV
— . d
as Cie Dl =cky A £,/ 135 | eV
1- 2 Isobutane Rindex = / -
L, K |8.767-10| K/bar
R, 0.975
R : Alumi flectivit
J The photomultiplier window aminum refectvty L g ::ZZ nm
.. i Ag . nm
Quantum Efficiency can not be easily : —_ -
Included in the model and a Isobutane T, 0.978
: . . t ittivit
numerical computation is necessary RS A | 1705 | nm
A 1.612 nm
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simulation

-q LUCID has been tested and calibrated with a beam of 180 GeV pions (SPS H8)

= LUCID tubes

[/}]
r i e i Entries 3 5 80
10 R % Mean 68.34 | = I
B I o . |Rms 12.02 5
8_ ql MO/
L 2 5
] 2 6 o7
6" g | rd |
C e _ /Q/
4 Pressure = 1.3 bar | g | / Monte Carlo
r ' £
- S 40 O Data
2 Z
; | ¢ i
0 00 150 200 250 300 0 0.5 1 1.5 2

Number of photo-electrons per tube

Pressure [bar]|

-mmmmmmmmm

62 67 70
# of Model 33 45 53 57 63 67
.e.

S A%) 11 11 6 6 5 5

73
71
3

74 78

3 1

A very good agreement is

2l AF e

found between the photoelectron yields
land the LUCID MC simulation
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The gas Refractive Index

NIM A270 (1988) 289 (DELPHI Cherenkov Detector coll.)

2 —_—
n-1_ 0.257 y P(bar) = (atT =20°K) =

n2+2_1 (E(eV)T T
13.5

8.767-107P(bar) _ KP(bar)

1_[E(eV)]2 _(EEn) i
13.5 E

n=1+An, B=1-AB | c0s0, =
iKP(batr) 1 2 ﬂ n(E)
2 _im
An_l Ben)Y M_Z(PJ 0; ~2(An-AB)=
%)
At the production -
threshold the angle 6, Py = 77—
is about 0 2An

© 2
for p>3pg, 1— £
k,

C,; =A(nm)E(eV)=1240 nm-eV

Mauro Villa - TEEE 09 - Orlando

Constant used in the following to transforn

photons energy in wavelength
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The number of reflections inside a tube
e ———

Y _
Y =Y+(L-x)tand—N D
D=Tube diameter D
L=Tube Length E_Z D Y
tan @ e
tan @ tan @
D\;-Z/ f ~JYout X
0 I ! "
, L
X
L —x)tan@d Y L—x)tané&
N, (6,x)=INT (L) vl z( ) b
D 2 D D

D E D . .
\/1—(EOJ In the following we will develop

all calculation for Yi=0.
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o
©

Transmitted fraction

o
N}

RO

Aluminum retlecTivity and lLsobutane

06 —

Combination of literatu

05~

and on bench
measured data

Od oy

Functions used
to fit the data

El/nduzxawpoé%ogé _ — 7’6 1_ e ﬂT
- - 0 &=T75cm, P=1bar
( 2
_ Ao
(L x)PIn Ty 1-e Zh
1 i i _X)FT(/LP)
4T(/l,x)zl—(/l,x)ze —e ¢
0
2
NIM A270 (1988) 289 o
() FT(LP)_PM{%@—Q & jj
Maur: A(nm) EéEE 09 - Orlanc?o
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Qi oI1Iriouiion

at the tube exit

A N P

=370xC,, x3KP | 2 [ p(Ax)xT(Ax)d —
s 1 Ci 0 L =T
_ ﬂ Photocathode sensitivity rangle
Aav L L—x e _EFT(E,P)
:370XC,1E><3KPJ. 1 2d?J.€DFuP)><e ;
Auax 1- % A
EA
L . E
i Dge?FT (4,.P) eBFR (4,P) _eEFT(g, P)
"MIN 1 dﬂ/

=370xC,, x3KP [ . 2
Ml_[cw) DF,(4,P)=EF(A.P) 2

E

0
L
ki

Lp( Ly Lp (J The photomultiplier window
Dée L F et T]

= 1 | Quantum Efficiency can not be easily
DF,—ZF, 2| included in the model and a

deh :37OXC1EX3KPX
d c, Y
1—[Ej numerical computation is necessary

EA
Mauro Villa - TEEE 09 - Orlando 51




Fhocaiode Radiant Senaifivity fmAdi]

Table of constants and Quantum
Efficiency typical plots

Spectral Response Characteristics Spectral Response Characteristics
Tuo= Type RTE2 Max. Q.E. 247 % Tube Type RT&Z
Eemrial Mo, BAMPLE-& Wavelength of miaee. 350 mm Eixrial Mo, EAMPLE-A

= ] Table of Constants
ol S
7 iy
HD=l \L\ Symbol| Value | Units
T =Y C. 1240 | nm-eV
I".
" Isobutane Rindex 2 13> eV
x 1-1II K 8.767-104 °K/bar
: A R, 0.975
= — Aluminum reflectivity Aon 147.6 nm
2 — A 103.0 nm
o 1 & 75.0 cm
, Isobutane T, 0.978
0.1 e transmittivity A 170.5 nm
Ay | 1612 | nom |
|| —— Frolocainods Raclant S=nstivity i K EK(293160K)
0.0 ---------I--E-:‘.a.r.l:j.rl:.z:.:.:!:::’l.........I......... Y .I;....... K(T) :@O_K
100 200 200 400 500 600 700 8O0 T bar

¥Wavelength inm]
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Reflected Power

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

—8— exp. dala} =635 mm
—i— exp. dalad = 543 mn

—8— exp. dalfal = 405 nm

¢4

%fﬁi

.

TTT4

e

FFLFFF?LTTYFLTTTT*TTTT+TTTT+TTTT*T

;
'3
¢+ 54

I

2

30

40 50 60
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LUCID current status in 2007

completed tests:

* vessel sealing, LED's read out, calibration

Mauro Villa - TEEE 09 - Orlando



