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L HCb Detector

Heavy Flavour
Experiment

Precise vertex
reconstruction

/IRICHf ~

Tracking and
momentum resolution

Particle identification
capabllities




Lepton Universality

In the SM the W boson has the same
coupling to all leptons.

The Z and Photon couplings were
measured to have the same coupling
with high precision.

Interest grew after LHCb measured
the ratio between electron and muon

to be 2.6 standard deviations from
SM in the B->K*|+|- decay.
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Lepton Universality

B(Ay = A(pK) ppp”)

fin = B(Ay, — A(pK) ete)

Control Channel: J/U
B(Ay = A(pK) p ™) :
B(Ay — A(pK) J/y(p'p))

Ratio, =

B(A, — A(pK) eTe™)

atio, = — - ,
Hatioe = Brn, o ApK) J/o(ere )
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PID Studies

Large contribution from
background modes under
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A,

Fit Muon Channel

Ap = A(pK) pp
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COMBAT Telescope

Master dissertation project

Build a portable, low radiation
length charged beam telescope

|dea was to make a system that
could be easily transported and
could operate In electron beams

Used 8 planes with Timepix
readout ASICs on 150um thick
N-ON-P SEeNSOrs



COMBAT Telescope
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-=i—irs-
Plano 1
COMBAT was built and | o e

commissioned In Rio = et
Final results obtained by — Planes
taking the telescope to e
the SPS North Area

Te Stbeam U R R R T M T v R T 'ToéTcl)o > 015 -01 -005 0 005 0.1 }9._1?/traj 0

After alignment the residual

resolution was approx. 15um

Telescope Pointing resolution
was found to be 5.1um
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VELO Upgrade

Exponent

Expected fluence in
the most irradiated
regions up to
1.5x1014 TMeV neq/

cmz2 per fb-1

Radiation flux follows
r-2.3 shape.
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VELO Upgrade Module  co: connector

~43 mm

~14 mm

Silicon pChannel Substrate

Silicon Sensors g

Data Connection

Kapton Hybrids
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Hybrid Pixel Detectors

Technology chosen for the
upgrade.

Planar silicon sensors
(768x256) bump bonded
to 3 custom ASICs
(256x250).

ASIC has a pre-amplifier,
threshold comparison and time-
stamping for each pixel.
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Sensors

Many options available!
n-on-p or n-on-n
Guard Ring Sizes: 150 to 600 ym
Implant Sizes: 35, 36 and 39 ym
Thickness: 150 or 200 ym
Vendors: HPK or Micron

Minimum collected charge per MIP:
0000e-

The sensors must be able to operate
under these conditions up to
8)(1015 1M6V ﬂeqcrn'2

) 1
ORONO

B (J 5

-
16 G EEEE
-
L~ .~ -~ ”~ " x
4 \°J F BN r

Eiiﬁii
J!ggggg .‘
jolololololol
fojolojofolo]
ofolololol:

=] (8]
)0
=)
0J0
2)0

-



‘4 UNIVERSITY OF

& LIVERPOOIL

\“\'ﬂ'&c‘é

HV Tolerance

Max operational bias voltage after [ S V
: : : 35— m Single —
irradiation:1000V. g : HrR R mSine z

= 3~ HPKGR 600 um Single E
|[deally test all sensors before ano 2 25F =
after irradiation. S 2F =
Q) 100: L L L % 15; ;
S 90F . , = g 1:_ E
= "3 =®= Micron n-on-n GR 450 um Single 3 = : o -
E 70?_ —®= Micron n-on-n GR 150 um Single _% > OSE_LHC-Pre_IJmIna ! _;
;‘ 602— =®= Micron n-on-n GR 250 um Single —i 0 _*_;T—- ----- 00 800. | '1000
% 50 B = Bias Voltage [V]
2 40f =
5 3 Before irradiation results show
- l0E- LHCb Preliminary ~ : problems with smaller guard-ring

designs.
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HV Tolerance

Typical Irradiation profile at IRRAD
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Proton Irradiated Non-Uniform Flux

Micron n-on-p
Micron n-on-n
HPK n-on-p
8x101° 1MeV neg/cm2 @ -34°C

200 400 600 800 1000
Bias Voltage [V]
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Tile Quality Assurance - v

During prototype testing it became n' pixel (OV) Guard Rings
clear that sensors spark if biased p-substrate

Ground pads of the ASIC are directly
below the sensor edge.

How to probe assemblies In vacuum
before wire bonding?
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Tile Quality Assurance

Due to the the way the VeloPix Sensor
CMOS ASIC is built a diode is s,
¥

__n-implant __
£ ol W

formed.

Ground is brought to the implant EEvEEe.

through the ASIC.

Reverse-biasing the sensor Is

forward bias in the VeloPix bulk.
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Probe Card Jig
200 Probe Card

' Vacuum Chuck
100 - Flat Support Disk

Probe Station Vacuum Chuck

. Noise Example

+
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250
0 100 200 300 400 S00 600 700

-200 v v v v T T T
-100 -75 -50 =25 0 25 50 75 100

x am) All tiles will be tested and qualified with this jig.
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Enclosure bullt to do |V scans
of sensors In vacuum.

Must be careful to avoid
damaging the tiles.
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HV Vacuum lests

Spring loaded probe needles keep @ Dowels stop needles before end of
small pressure on sensors. spring compression.

20
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HV Vacuum lests

Example of tiles tested with this jig.
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Spring loaded probe needles keep 0.05 . . LHCb Preliminary
small pressure on sensors. 0 200 400 600 800 1000

Bias Voltage [V]
173 Tiles tested already!
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1719 mm

Upgrade Tracker

In a similar fashion to the VELO

the UT Is a new silicon detector
to be installed in LHCDb

40 MHz readout using the SALT
ASIC

4 different types of silicon

1338 mm

MICrostrip sensors

My Intention Is to contribute to
the production anad
commissioning of the UT.
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Summary

| have been involved with silicon sensors for tracking since my
Master's degree with COMBAT

As part of my PhD | have also contributed to the Lepton
Universality measurement using /\p decays

Actively participated in the R&D for VELO Upgrade being
responsible for [V measurements

Setup for Tile quality assurance in the VELO Upgrade currently
used to test all VELO sensors during production

_ooking forward to contribute to the UT detector commissioning
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LHCb MC
/s = 8 TeV
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Edge Behaviour

S27 -1000V

A couple of interesting features were
observed at the edge of the sensors.

The Micron n-on-n design had a very
high Intensity noise at the edges.

Problem mitigated when we increase
leakage current compensation in the

ASIC.

Consistent with leakage current
being pushed through the pixels due
to guard-ring structure.

n+ pixel (0V)
Guard Rings n-substrate

2/
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T|Ie Quallty Assurance

VeloPix

— WIS
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N |
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T|Ie Quallty Assurance
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e Ground through Pad

= Ground through ASIC backside
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T|Ie Quallty Assurance

Does it work with a bump-

bonded tile”?
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Probe Card Jig

Probe Card

How to test each tile for bump-
bond quality before mounting

them to modules? Probe Station Vacuum Chuck

40pm precision
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LHCb Detector Upgrade

3 . :
- Run 1 LHCb Trigger By the end of Rgn H,. operating
Eanl. B i at current luminosity offers
£ A bV _ . diminishing returns.
; - v V¢ 1’
S o ; Increasing Luminosity in order
M ‘ to achieve 50fb-1in Run Il
—
= 4x1032 cm-2s-1+20x1032cm-2s-1

-

: . Upgrade Irigger implemented
: 2011 o on software only.

oot uo i uo ) Readout: 1 MHz » 40 MHz

Luminosity (x10%)
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o
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The incorrect identification
of final state particles
might produce a broad
peak under our signal

KeysPDF Is a numerical
method used to generate
functions from a given
dataset

Different options of this
method were evaluated,

and we chose appropriate
parameters

Events/ (6)

200
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160
140
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40
20

MisID p.d.f. Estimation
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- ~rojection of MisID Keys Mirror Both PDF

- Srojection of MisID Kays Mirror Left PDF

- Projection of MisID Keys Mirro Right PDF ‘
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LHCb Simulation
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ID Studies

Large contribution from
background modes under
the Lb peak.

LHCDb provides a
combination of detectors

response In the form of a
PID probabillity

Biggest Background
contaminations come from
hadron misliD.
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PID Studies

Large contribution from |
background modes under
the Lb peak.

LHCDb provides a
combination of detectors

response In the form of a
PID probabillity

Signal Likelihood of p and K
=
=
O
vy,
"3
(Q

Biggest Background
contaminations come from
hadron misliD.
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DAQ

VeloPix hybrids being tested with LHCDb =
Upgrade Readout boards. ~ (7’ w
o~ Credg gard I/:ggri % s : ' B
-L _O VTRXx [

Firmware integrated pre-existing

software, most necessary
orocedures already in place.
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e Check the flatness of the surface
using the white light
interferometer.

J Set height display X

" Height Area display - View range o
- - - _ [] Set automatically in all areas Upper limit
o e A 57 5.015/2] mm
Center
0.000 2+ mm
] Center color around
reference surface (height 0)
Width
0.030 %< mm
— Lower limit
i -0.015:5+| mm
Auto setting
Area settings...

Range of height values
Max.: 1.300mm
Min. : -4.001mm

Color palette

Current palette

Overall height
variation of 30
Um over the
whole surface.

OK Cancel
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Cluster Sizes Distributions
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Charge Collection and Depletion Depth
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sensors at IRRAD.
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Combining dosimetry
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Charge Collection

Non-Uniform proton Irradiated Similar effect observed using a

completely different method.

sensors at IRRAD, binned In tluence.

<10° Same DUT
@2 1 runi
S25 el Abs(Bias)=500[V] clSize=-1 TbRun #12506 >(103 g runt
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Charge Collection and Depletion Depth

Lar 5 T 1 L | P L | | | | | P L
& - l | | | | I ¥
Non-Uniform proton Irradiated =g -
sensors at IRRAD. ® i E

8 |
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Charge Collection and Depletion Depth

Non-Uniform proton Irradiated Unitform neutron Irradiated

sensors at IRRAD. sensors at JSl.
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