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&k "/ vooe The LHCb Decector %

) * Physics: where are the Bs?

— LHC 14TeV pp collisions

— For £ =2x10%cm™?s" and o,,~500ub have
100K bb/s produced!

— 0O(10'?) bb pairs/year at LHCb

— 0.5% of total inelastic cross section

— Cross sections forward peaked and correlated

Opt for a small angle forward
spectrometer

HCAL

TTI
LHCDb is a day one { :i?;i‘;' s =
experiment! Full physics B -1 M
even at LHC startup T T
luminosity!
Velo  gien

01/11/2002 Vertex 2002 Workshop Tracker Rich2 3



&k oo Velo Requirements (1) (S

* Primary & secondary vertex reconstruction
— Sensitive area as close to beam as possible
— Highest resolution close to beam line
— Coverage in forward and backward hemispheres
— Interaction point distributed in Z with 6 = 5.3 cm

— Interesting events show displaced vertices from B
and Charm decays. Resolution on these crucial to
sensitivity of LHCb measurements.

— “Busy” secondary vertices can point to multiple
interactions
— Minimal material between vertex and first

m r Int . .
easured po High resolution
on first measurement!
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° Trigger (see talk by Niels Tuning)

Requirements (2)

R

— FAST 2D (rz) and 3D (rz¢)

standalone tracking for L1 Trigger:

Choose R® geometry!

— Rejection of multiple interactions

* Baseline Sensor Design

*Sensors: 7Tmm>R>44mm
(Active area 8mm to 43mm)
*182° angular coverage

« R sensors
— Pitch 40pm to 92um
— 450 inner, 90° outer sections

* (¢ sensors

— Pitch 37um to 40um and 40um to

98um
— Double stereo angle

R-measuring sensor
br=ab ai

24.1 mm radius 40 pm inner pitch 92 pm outer pilch
'\.\ 19 pi] \\_F'f'i?,
1

| 384 11,182 degre=s |7 354_ |

4 d :
strips \T_Ef < sinps
1 g .
384 384
strips ~ strips
1 = 5
kS 256 strips 256 strips
14
1
total 2048
strips T ——
T I L
" 37pm innar pitch 14
17 -
-\-jlm‘lﬂz dega::ll !
\‘?f:f'.l/
1 z
B82 inner strips /
1 J."IJ
40pm pitch
1 (
13BE outer strips
1
total 2048
strips S8pm outar pitch

Ty F

¢-measuring sensor
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« LHCDb Tracking system (see talk by F. Lehner)

— Track reconstruction for B and Charm decays
« Match LHCDb forward acceptance (15 to 390mrad)
 Sufficient hits/track: at least 3 hits
 Single hit efficiency > 99% for S/N > 14

— Good extrapolation of Velo tracks into rest of LHCb
tracking system

— Minimize material seen by tracks going through Velo:

dealing with tracks of Energy O(GeV)

Velo XZ slice

15 mrad
"
<

60 mrad

>
~90cm
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All this in an extreme radiation environment:

Flux between

5x10'2n, cm2 /year  §
and 1.3x10"4n,.cm2 Em” N
/year dependingonr <2 | “x\z=1cm
an d = = \q (station nearest interaction point)
__\\\
Velo silicon must . ‘x
be operational for ssem
at Ieast 2 years (station furthest from IP) Hmm
under these
conditions 1 2 3 4
radius [em]
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« 21 stations with 2 R and
2 @ sensors each ¢ detector

« Zrange -17cm to 74cm

R detector

Pile-up R detectors
VERTSX HEhH) (multiple interatction
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To get to small R Velo has no N_g) e
beam pipe! Need to:

« Shield from RF pickup

— Shielding must be
retractable by 30mm [

— Must have ~1 mm ThlS |S tany to right detector half ¢seﬁ§'5'r;’:
clearance from sensors  fabricate!
 Protect LHC vacuum

— Must withstand pressure
differential of ~15 mBar
between primary and
secondary vacua

 (Guide the wakefields

{p-sensors ||/
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ghe 111e U RSy Velo Layout (3)

« All this complicated by =
physics performance ”

reasons: "

— Minimise material between
Velo halves and in LHCb
acceptance

— Minimise material before first
measured hit: inner
corrugations 80 =i

f 2.5 3 3.5 4 4.5 5

& mrad) {13 mrad) (22 mrad) (37 mrad) (80 mrad) (23 mmad) (184 mrad M

UM

e A L | O | S| St

Iy

First fuII size f0|I from NIKHEF! Al Mg aIon with superplastic deformatlon
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* Main issues investigated
* — Efficiency, S/N, resolution vs. irradiation
and Ve, (n-on-n vs. p-on-n)

— R® geometry validation (tracking,
alignment)

% — Double metal layer pickup
— Cryogenic operation
— Floating strips

— Non-uniform irradiation (see talk by Gianluigi
Casse)
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Some of the detectors tested in DELPHI-ds sensor

beam and lab: : p side n side
radius = 49,88 mm E § [occcscecccceccccscecccmnes '

6| E
I £ | sess==sssscssssssssssnnn: o
2792 mm 5 2| /e <
E | sommmmmeeeeeeeee .
.. 17.68 mm S5 s i

/ 10,00 mm E‘ -ﬁ --------------------------

! 7w .

lI PR0O1 R-sensor < B cm Y pitch =42 um
24192414256+ 14366 strips  — routing lines floating strips  -----
= 10006 strips

PR02-( sensor
T T, B
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AR S I Y Non irradiated Tiradiated
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_ ~ . R RATY it i
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10,00 mm TS ___ 45
27.92 n'ln'i:::' T i B af-
r—4.0em r=0.8cm pitch  pitch pitch o
r=1.8cm 24m - 55m 124 pm ol
PRO1 ¢-SEHSDI’ stereo angle 8 @ F
radius =49.88 mm  strips e 1=
routing lines  «.-... PRO2-R sensor
- - ' iy Emc?st?ps DE_
b meil o T, TEad ou F
b TR T -1
% 255 strlps -——'.‘"l :—,4%255 5tr|ps b
Y o : N, 2.
%84 E‘zs:tar%s\\. L
Cstrips= = SRR Y
1 //”@e’ﬂj __:.%‘%\\‘ SRR Al calibration pieces
384 M
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* Test beam experimental setup

— 120 GeV p and n from CERN SPS

— Hamamatsu PRO01 telescopes for track extrapolation into
test detector

— Telescope sensors validated R® geometry

_ _ Test Inclined telescope

First telescope station station station
Dark box o f-t

0 < Q .
@ > 7] A
o VA2 readout >
ey =
: s
o m
L =
= c
£ 3
@ OR RO PR R R
resolution: 5 micron resolution: 5 micron
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 Results from DELPHI, PR01,PR02 show n-on-n has clear
advantages over p-on-n in resolution and efficiency when
operated underdepleted

* n-bulk becomes effective p after irradiation. Depletion evolves
from n implant side...

2
[ [} 1)
E 45_— p-side — n-side g
5 aof _ _ S
s | lrradiated|DELPHI ds & e
£ s : Full efficiency -
U | at 0.6V g, ! |
=%, 3
ED:— :_ a0 |
- * i
s *++' : ++'i %J'_._ 20 |
10 L ++_4+7+ + 1§++\
B \ [
st 3 Resoluton | . . .
DE. A S L FObUSt VS veone D'5Frag'tsion g'f?thic[;i?lessngepleled

0.6 o.e 1. 0.6 0.8 1.
CCE CCE CCE!
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* Double metal layer
— A concern: we have lots of it! DD Readout Chips
‘ ;=: = ..

— Charge pickup from double
metal layer a problem,
particularly for irradiated p-on-n

n

9 3 — i
,E, a0 | * Quter region:(Double metal) 200 V
= o Inner region {No Double metal)
o 25 |- 4
.E 20 —+— —— diodes
E _'.__+_—+— + routing lines
=BT + Effects on n-on-n currently
g 101 under study. Expect better
£ 5 +-¢— o performance vs. irradiation
D """"""""""""""""""""""""""""" :ﬁ; """"" n
_5 | -] L i1 1 L1 01 L1 0 | 101 | - i i1 1 See BOWCOCk et al. NIM 478 (2002)

0 1 2 3 4 5 6 7

irradiation [10'n_/cm? 291-295
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« Cryogenic operation
— Found to bring detectors back to life... but for limited periods
of time. NIM A 440 (2000) 17
* Floating strips
— @ strip pitch increases with R. Outer region pitch ~100mm

— Use floating strips to increase resolution for no extra
channels?

— Data available for non-irradiated n-on-n. Need irradiated.
— What about double metal?

* Future ideas
— High resistivity CZ substrate

« Test beam data of prototype undergoing analysis

— P-bulk detectors
« See talk by G. Casse and NIM A 487 (2002) 465-470

— Thin detectors:
* Produced 150um n-on-n PRO3.
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 Conclusions from silicon research

— n-in-n a clear choice for Velo
 All requirements for irradiated detectors met
« Operational below full depletion

— Floating strips remain an option for
replacement of Velo if necessary

— R ¢ geometry allows fast tracking (Trigger)
* Final R and @ strip layout decision imminent

— Open to technology improvements for
future Velo sensors (eg CERN RD50)

01/11/2002 Vertex 2002 Workshop 17



8. THE UNIVERSITY "
&k "/ o Readout Electronics (%
 LHCDb L1 trigger input 1TMHz (cf ATLAS, CMS 100kHZz)

— Readout time 900ns
— 1 readout line per 32 channels

« 2 options: SCTA VELO and Beetle chip

— Hybrids built and tested. Analysis under way. Decision making
process advanced...

SCTA_VELO

Beetle
01/11/2002 Vertex 2002 Workshop 18
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 Silicon sensor design for Velo near
completion.

 Hybrid prototype tested succesfully
* First Mechanical module being built

* Plan to have complete Velo in 2005 and
place in test beam in 2006

« Startup in 2007
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* The Velo is in an advanced stage of
design. Prototyping is underway

* A range of issues regarding the choice
of silicon technology have been
iInvestigated and a baseline design for
the first Velo completed

* The performance of the system exceeds
the physics and system requirements of
LHCDb
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* Ongoing program to determine the technology
choice for first Velo and further iterations.

Tested intestbeamandlab:

« DELPHI ds XY 6cmX3.4cm
— P pitch 25 pym (readout 50 pum)
— n pitch 42 ym
« Hamamatsu R, ® 300pm n-on-n, 72° (PR01)

— pitch 40-126 pm
— up to 2.5°10" n, /cm?
* MICRON ® 200 pm, p-on-n, 182° (PR02)

— pitch 24-124 pm
— irradiated up to 6.4+10'* n . /cm?
 ALICE, GLAST

Micron R, 300 um

Lab tests with IR laser and
40MHz electonics.
See talk by Gianluigi Casse

R/¢ geometry validation
and test beam telescope
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« 21 stations with Si
perpendicular to beamline

— Stations divided into
opposing modules with an R

and a ¢ 182° Si strip sensor

— 2048 channels per sensor
read out with 16 chips

— Hybrid: readout electronics,
thermal conductivity,
mechanical support

01/11/2002 Vertex 2002 W

Velo Layout

R

FE-chips

f-sensar

R-sensar

Hybrid
Connectors

Substrates

Cooling brackets
© and fixing

Paddle

Micrometer Adjusters

i
Wb EBase

Flat Spring

—_r Location Base
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