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The LHCDb experiment

LHCD is a forward spectrometer designed to study flavor physics exploiting the enormous production cross
sections of heavy hadrons at the LHC

Characteristics

Efficiencies

o Built for £ = 2 x 1032cm—2s~! at 25 ns spacing,

with an average of u = 0.4 interactions per bunch .
crossing o ¢(operation)>94%

e In2012itranata £ =4 x 10%2ecm—2s~1 at 50 ns ¢ ~98% are good data
spacing with u = 1.4
e Has recorded 1.1 fb~! in 2011 and 2 fb—! in 2012
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e All detectors with >~99% active channels
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LHCDb upgrade
LHCb 2015 Trigger Diagram LHCb Upgrade Trigger Diagram
- 30 MHz inelastic event rate
40 MHz bunch crossing rate and full event rate building
LO Hardware Trigger : 1 MHz [ LLT : 15-30 MHz output rate, ] * Remove Hardware trigger. Use
readout, high Er/Pr signatures select high Er/Pr (h*/p/e/y) software-only trigger
45!::!1: 400 kHz 150 kHz By 0 seeees U ...... O cen, ° 1 to 3() MHZ trigger rate
. Software High Level Trigger N
{ Full event reconstruction, inclusive and ] e Output rate from 12.5 to 100
:‘Software High Level Trigger / < kHz

e Increase luminosity to
>2x 10%3 cm—2s~!

: e We aim to record 10 b~ per
N x year

Full offline-like event selection, mixture [Add offline precision particle identification
of inclusive and exclusive triggers and track quality information to selections

4> J1r  JL 4+ I 1

displaced tracks/vertices and dimuons

[ Partial event reconstruction, select ]

Run-by-run detector
calibration

Buffer events to disk, perform online
detector calibration and alignment

Apart from the increase in luminosity and trigger rate, we expect an increment of a factor 10 and 20 in the
muonic and hadronic channels yield respectively
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Detectors upgrade

Upstream tracker: Muon System:
New strip Remove M1
sensors/modules

Calorimeters:
Remove SPD/PS
Reduce HV & PM gain
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VELO upgrade

Requirements and challenges

Data-driven readout at 40 MHz = up to 2.85 Tbit/s from whole
VELO

Radiation hardness at 8 x 105 1 MeV Neg cm?.

Highly non-uniform radiation: 5.2 x r—!- hits event~!cm—2
Keep/improve performance

Increase granularity to allow operation at £ > 2 x 103cm—2s~!

Minimise material in acceptance

Provide fast and robust track reconstruction (essential for
software trigger)
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VELO upgrade

Characteristics of the new VELO

e From micro-strips to pixels

e Full detector consists of 26 stations (1 station = 2 modules,
one on either side of the beam)

e Closest pixel is at 5.1 mm from the beam centre
e Separated from the beam vacuum by a 250 pm RF foil
e Geometrical efficiency > 99 % for R < 10 mm
e Track rate (and radiation damage) will be 10x higher
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Modules

Microchannel back
silicon substrate

tiles

RF foil
COz in
e 4 sensor tiles (14x42 mm?), 2 on each side §
of substrate b
eam
I <«
e Each tile is bump bonded to 3 ASIC for X % vacuum
readout <
- Lo CO; out front
e Silicon substrate with integrated tiles
micro-channels for cooling
e Material in active region ~0.9% X, Hybrid

~43mm

... JA/ o

sensor
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ASIC

Velopix
The upgraded VELO will be based on Velopix ASIC (successor
of Timepix3) 55 pum x 55 pm pixel size, 256 x 256 matrix

e Binary readout
e Hit rate up to 900 MHits/s. (Above 15.1 Gbit/s)

e Data driven readout: each hit is time-stamped, labeled and
sent off chip immediately in a superpixel structure

e Radiation hard up to 400 MRad
e Submission planned for 2015 Q4

- 50U kapton ESuE
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Silicon sensors
e Planar silicon n-in-p (evaluating n-in-n) % 1 -
e Tile for 3 VeloPix chips: ~43 mm X 14 mm, thickness : \
200 pm “‘E \
e 55 um X 55 pum pixel size <
. pmp . . C% dose after:100 fb*
e 110 pum gap between ASICs bridged by elongated pixel 10"
implants
e Non homogeneous irradiation sets constraints on guard ring
design
— factor ~140 difference in fluence from tip to far corner
— Dbias voltage at end on life ~1000 Volts for tip 102
—» guard ring width ~450 pm 0 05 1 15 2 25 3 35 4 45 5

Radius [cm]

Sensor tile on a hybrid board Hamamatsu prototype sensor
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Cooling

e High speed pixel readout chips produce a lot of heat (~1.5 W/cm?)

Conclusions

o Keep the sensors at < -20°C to minimize the effects of radiation damage, and to avoid thermal runaway

e Novel method: evaporate CO; via micro-channels etched in Si substrate
e Bring the cooling power where you need it, using least material
e No CTE difference (Si on Si)

2001 VELOPIX

= S0
VELOPIX
2oumooveray o S
- 50 kapton sensor
15 um copper
25-500m adhesive

@ boms

() microchannels
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RF foil

The RF foil is a de facto beam pipe

] Material and fabrication:
Severe requirements:
e Vacuum tight (< 10~° mbar I/s)
e Radiation hard
e Low mass but mechanically stable

e Good electrical conductivity to mirror beam currents and
shield against RF noise pick-up in FE electronics

Thermally stable and conductive (heat load from the beam)

e Mill foil from solid Al alloy block
e Achieve 250 pm thickness

e Chemical thinning being investigated

Sample with central part thinned to 150 pem to reduce the central part
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TimePix3 telescope

e 8 planes divided in two arms

e Each plane consist in a Timepix3 chip bump bonded to a 300 pm p-on-n Si sensor
e Track rate > 5 MHz. Only limited by beam intensity

Resolution at the DUT plane 2 pm (with 180 GeV/c 7 beam)

e 1.4 x 1.4 cm? of active area

e Data driven readout
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Test beam

200 pm thick Hamamatsu 3x 1 tile on 3 Timepix3 chips bump-bonded by Advacam

250 fE
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Hit map of a 31 tile in a 180 GeV SPS beam
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Test beam
200 pm n-on-p sensor from Micron. Bias = -200 V. Non irradiated

1-pixel clusters 2+

ixel clusters 3-pixel clusters 4-pixel clusters
= B T

y [um]

©10 20 30 40 50
X [um] X [um] X [um] X [um]

Interpixel fractions from left to right 66 %, 30 %, 2.5 %, 1.5 %

200 m n-on-p sensor from HPK. Bias = -300 V. Irradiated to 4 x 10> 1 MeV ngq cm?

1-pixel clusters 2-pixel clusters 3-pixel clusters 4-pixel clusters
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Interpixel fractions from left to right 93 %, 6 %, 0.8 %, 0.2 %
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Conclusions

The requirements for the LHCb VELO upgrade are very demanding:
e Luminosity will be increased by a factor > 5

e Keep or improve the performance of the current VELO

Upgrade VELO characteristics:
e Vertex Locator will consist of planar silicon pixels, 55 x 55 pm?
o The first pixel will be only at 5.1 mm from the beam axis
e Evaporative CO2 cooling in Silicon micro-channel substrate

e Material budget reduction in elements placed in the acceptance (modules, RF-Foil)

Still a lot of work to do:
o Intense testbeam program to validate: sensor technologies, radiation hardness, cooling schemes and
readout electronics

e Sensor, electronics, modules and mechanics production

Installation during long shutdown 2 in 2019
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The Vertex Locator (VELO)

e Silicon strip detector surrounding the interaction
point

o 88 silicon n1-on-n sensors, 300 pm thick, R-¢
design

e Located only 8 mm from the beams
e Enclosed into a separated vacuum box (RF Foil)
e Halves are separated for beams injection

e | MHz trigger rate

e Bi-phase CO; cooling system

Pile-Up —~
modules / \
injection "\,

> partiy overlapping 4
ez
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Backup

First sensitive

pixel at 5.1mm

Gap in acceptance due to
guard rings plus
mechanical constraint
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Expected performance (IP resolution)
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1 2 3
Up_ [GeVe]

Conclusions

Impact parameter resolution in x for the upgrade VELO for the nominal RF foil thickness (0.25 mm) and
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Expected performance (7 and z resolutions)

S So 4T m
20.14F ++ = 80’14— —L—Current VELO ‘* E
= [ raredeveio ] 2 [ -=UpgradeVero Ty ]
oz " + . go.lz; ]
o L ++ + ] 30.10 r + 1
Z. 0.10 + b zor ¢ 1
0.08F +* * ] 0.08 i ]
r + + ] F i ]
0.06F = 0.06F ¥ ]
C * + 1 L * + ]
0.04 + - 0.04 + + ]
[ ++ * ] L ++ ]
0.02F 4+, MU 0.02F  ++ *u, A
r +;}* LHCb silmulation **;_, ] r +1* LHCb si‘mulation *31* ]
. - e 0.00 — EE—

0.00 -0.1 0.0 0.1 -0.5 0.0 0.5

Trec ™ Ttrue [pS] Zrec ~ Ztrue [mm]
Decay time for B® — K*Ou+ 11~ resolution z of the B vertex resolution

Alvaro Dosil Sudrez The LHCb VELO Upgrade 28/05/2015 24/25



LHCb experiment

[e]

Upgrade
[e]e)
0000000

Backup

Test beam Conclusions

[e]e]e}

Expected performance (IP resolution with respect to fluence)
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