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The aim of the LHCb experiment.

bb production favours small polar
angles and same hemisphere
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Choice of photon detector o 400001
and detection resolution. -
1. $
Quantum efficiency >0 3
for A>200 nm < .
2.
Chromatic error (in C,F,)) </— o .00l
Ge = 0.8 mrad 2
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With these choices of parameters, we will expect the following

RICH performance

(full detector realistic simulation)

Efficiency (in %) of pion and kaon identification
and
Probability (in %) of misidentifying pion and kaon
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RICH 1 and RICH 2

Flat mirrors

Spherical Mirrors

Photon
Detectors
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The Radiators

Parameters Aerogel
n=1.030 (+ 0.001) at A=400 nm
thickness 5cm, transversal size 20x20 cm? —CL
Clarity <0.0064 um*cm- 4
Y " T=A-e *
pm*

C: Clarity in units of ~__
Boreskov Institute of Catalysis (Novosibirsk) _ _
successfully produced in 2004 t: radiator thickness (cm)
20.0 x 20.0 x 5.1 cm?3

n=1.029-1.031 at A=400 nm C=0.0060 T=30% at 400 nm
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Is Aerogel stable? Ageing tests T
'natural’ ageing tests
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Is Aerogel stable?

Neutron Irradiation

Ageing tests II
C and T measurements
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Is the refractive index of Aerogel constant across a tile ?

Measure An with laser beam 0-002*? | | e L
- A=0.9558
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Is Aerogel

a Cherenkov Radiator

3 pixel HPD
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Aerogel

Analysis being finalized

Mirror

AEROGEL test beam

(October 2003)
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The gas radiators needs less attention. The Radiators
10000 CF4 and C4E10

C2F&
N

1000 +

CeF 14
C,5FI2\

C3F8 | |
. Q @”\ L Just make sure that the air
| admixture is very small,

| 000
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No photon absorption for A >190 nm.

(and the leak rate even smaller). 6. Ullaland, CERN
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Requirements:

2.6 m? coverage with ~65% active area

2.5 x 2.5 mm? granularity
Single photon efficiency
40 MHz readout

o
N

Mean HFPD quantum efficiency
o

Si pixel array o
(1024 elements)

520

photocathode:

75 mm Q@ Photocathode
) (—20KkV)

active VACUUM

Fhotoelectron

\

Phaton

\ Cerjmic carrier
f:f::f:7_

Electrode

Solder

bump Binar
¥

bonds electronics
chip
Optieal input — 2() KV operation
window

Cross-focused, 83 mm diameter,

encapsulated binary electronics 32 x 32 pixels (500 um x 500 um).

The Hybrid Photon Detector
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HPD and Magnetic Fields
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Calibration and distortion

monitoring system

in both RICHes to
allow corrections.

Parameterisation

under control for both
axial and transverse
field distortions.
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Front — N

End -
Electronics - —

Bump-bond

Demagnification: A

XD

=

g TN < Sl

8 l 300um L i «Stlicon sensor

& 25um T yy \ AN K‘\/‘ lv" J\/" LA R R \/J J'\_/l ‘\/I \J \/“\ Solder bumps
32 < "4 T _
i 750um «— Chip
2 |z % & )
% ¢

«
2
E synch;)n;ser' pixel n-1 shift
! + enable logic .
o ow /) B input ~Ref ~pre-amp shaper 1 shaper2 oo oo . i el
goY E ) FIFO
255 v > e
~ - Bl CLX
o, g C delay uni -
5 = test clay units
SEE I B. l
=88 Feed-throughs 9 — I ixel n+1
S = test mask trigger Ll
) feedback strobe
bias circuit fast-OR +
fast -mult
X -~
analog_in global  3-bit threshold
threshold adjust

Advantages of this hybrid, ANALOG DIGITAL

pixel structure:
- low noise = excellent resolution of single photoelectrons

- high channel number/density Laland
O, iaving, CerN



Four matrices of photon-detectors
to measure Cherenkov light over 2.6 m?

500 pixel hybrid photon detectors (HPDs)
500,000 channels of data

HPDs mounted on columns together with readout
electronics, power distribution & active cooling

Each column = one independent module
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On-detector Off-detector

HPD LO LV HV

DAQ
link \
Column
Side-view

LV supplies

Bias supplies

HV supplies

[ X
&

AN

'd N
Tonising radiation:

Gradual electronics deterioration by
Heavy particles, Single-event effects, Bit flips, latch-up and Restricted access




RICH 1

Optics

Flat
glass
mirrors

Long X,and 4, )

High mechanical
stability

C4F10 CompGTible ~

5350

Spherical
beryllium
mirrors
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Image diameter (95%) of

it
#+++i+ +

+ﬁ++j‘fi$++
I e,

point source at CoC

8500 8600 8700
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= Spherical
' glass mirrors

6 mm Simax
glass substrate

Coating:
Cr+Al+MgF,+HfO,

8600
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RICH 2 Alignment

Clean (dark) room

‘ Laser

Single Mirror Shutter
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RICH 2
Spherical Mirrors Alignment

All mirrors from one side

Alignment and stability set a 50 prad contribution
to the overall uncertainty in the single photon
Cherenkov angle reconstruction
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The RICH 1 spherical glass/beryllium mirrors
about 7 years of R&D

R: 2690 mm
Dy: 3.3 mm

e

Be-mirror substrate machined at Kompozit in Moscow-Russia.
Final thickness: ~4 mm.

Glass Dressing at Vavilov State Optical Institute St. Petersburg-Russia

Final thickness: ~0.5 mm.
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What did we learn From The Test Beam  ?
That the truth is in the details (but that we knew already).

Accumulated
rings in C,Fy,

Full simulation.

N, run, one HPD
accumulated rings

30
[pixels]

o, llalawnd, CERN



Photon yield and photon impact point: N,

|da&ﬂ054:Hhsh1phne!|‘ SNN— data1054Road ) ) )
" " s e Typical Poisson fit
:_ ;nﬂsndf 1::1.4%5i 132 J
10000~ w151t 000 Comparison between data and simulation
- N 9.334e+04 + 323
8000_— — /
6000?— -
4000?— 3 H H
mof_ ’ HPD (fit) (theory) Ratio
ST T T —eles L1 10.1 10.0 1.01
4 6 8 10 12 14 16 18 20 22
| thetaC (mRad) | Cl 11.5 11.2 1.03
80F
<k l
“F =Take 6 directly from MC info (beam & photon
s0f- directions) (red)
sof- "Reconstruct 6. (black)
sof *MC & reconstruction have the same mirror
F | centre-of-curvature
: =Detection point is the photon impact on the
10}~
: HPD quartz
0 ol pead | ol b 1 !
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W el I8 e Pws P
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Conclusion

= Particle identification and thereby the
RICHes are an essential part of LHCb

= RICH 2 ready for installation
RICH 1 under construction

= Production of HPDs started
Pre-series OK

= RICH data to be used in
the High Level Trigger

= LHCb will produce
physics from

DAY ONE
of
LHC RICH1
running
VELO _

o. ullalond, cERMN Calo. System



Spare slides

"Just a second, I've got your
interesting plots right here"



Towards Physics, Trigger and all that
An Inclusive Phi Stream

LHCb uses a humber of inclusive triggers to select events in the High Level
Trigger (HLT) : single n (900Hz), di-p (600Hz)and D* (300Hz) variants

Will be extremely important in the 1% year where tracking may not yet be
perfect (— substantial inefficiency in the HLT Exclusive Streams)

T
MB before PID cut

,WI h_mb_norich_PhiMass
-Advent of online RICH allows 8 0 Entries 18258
minimum bias to be controlled to £ ™ | Mean 1028
extent that can propose anew “ T RMS  19.31

inclusive trigger:
-Select $—KK events 102

-Reject substantial

background use tight online

PID - order magnitude

reduction in the background 10

-Add IP, ¢ mass and p; cuts
— ~40 Hz rate

-

1=l T | | [
o 980 990 1000 1010 1020 1030 1040 1050 1060
*Why is this useful ... ? ¢ mass /MeV

o. vllaland, CERN
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‘Present inclusive triggers are focused on p
- what about channels without p ?

*An inclusive ¢ stream would select :
- 00 97% of events with 3 track selection (made possible by online RICH)

- ¢y 89% of the events we would have taken with the standard HLT
exclusive trigger - no requirement at all on the g

- D(¢m)h 80% of events with standard HLT exclusive trigger
- ¢m. LL? [6 tracks to find | Will be a very inefficient onlinel!]
- o'l LL? [w/0 inv. mass requirement on the I*I-]

*Are a ho. of channels that are difficult to select in the HLT: eg. B,—0¢K,

Don't have the time to do full fracking online :
only find those K, that decay in the VELO. — ~30%

-Can more than double trigger efficiency from ~30% — ~70% with incl. ¢

‘While the price is ~40Hz, we have a humber of channels with ¢'s, some of which
are high multiplicity and we will struggle to select

*Such inclusive triggers will make us flexible and robust at start-up

o. Ullalawd, cERN



Leading up to physics

» Custom simulation of Cherenkov light production allowed the study and
optimisation of the various system parameters.
* LHCb now use a C++ OO framework (Gaudi) and have incorporated Geant 4 in

the framework

Digitisation
Geometry DB (xml) {\’ Geant4 / \

simulation »
PYTHIA H EVTGEN / Simulated data

Data (real or
simulated)

" Reconstruction F *| Physics Analysis

Gaudi is a very flexible framework that simplifies the introduction and testing

of new pattern recognition algorithms.
Currently testing the use of RICH information in High Level Trigger

o. Ullalawd, cERN



System Test

Radiator | : o Vi it
Vessel ;/ A B PS beam:

lv ) | S { : . IOGeV/Cn.\/e
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. 1 000
Cho.lce of . Aerogel (n-1) = 10%
radiator media: "

1 00 +

Positive
K-identification
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HPD and Magnetic Fields
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50 G Shielded tube f)—
|25 G Unshielded tube /5
E E C— :( Photoelectron _r,,-”"-.
E14 — B o '\Ll ) I'-,L‘ ::f"
.g : ? /f‘: /D' “n\;l. ‘\"x, ,__..a-"/
12 £ N N
or R _._-:Z'E‘ I—> MuMetal
E:_ R RAALLE ::'¥:::"r'-‘-‘r-' e B - BJ_
- lia.a.a.=‘ saaadzart
6L RUASE S Unshielded Tube Shielded Tube
B H It ¥ i
il s e B(G) Ada (MM) B(G) | Ad, (Mm)
- ol i ey
- M 2.5 0.99
2 [ i‘!
- | | | i | | | | 5.0 1.64
l]l] 1 1 2 1 1 4 1 1 E 11 IH 1 1 I_“]I 1 I12I 1 I14I 1 I-IE 7.5 2.23
X pixela{mm)
10 2.76 30 0.45
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Calibration and distortion monitoring system
in both RICHes to allow corrections.
Parameterisation

under control for both axial and transverse field distortions.
o. Ullalawd, cERN




Deviation from target (prad)
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