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Introduction: Standard Model open questions %

LOST PROPERTY]

"Sorry Doc, we had a load of Anti-
Matter around 13 billion years ago,
but it got lost when we moved"

* No explanation for ¥ masses in
the SM

e What happened to antimatter?
CP violation is not enough!

e ...dark matter?...
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Introduction: how to look for new physics? %

e Direct search: production of new particles at accelerators:
o light, small coupling: beam dump
o heavy, larger coupling: colliders
LHC — CMS, ATLAS (general purpose detectors)

e Indirect search: probe processes sensitive to new particles
intervening through loops
o need extremely precise instruments!
LHC — LHCb (optimized for b physics)
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The LHCb detec@% .

Vertexing: twgﬁakié closing up to few mm from the b tm ine
e silicon stri/és,/f and ¢ information \
e 20pum /l/esolution = PV-SV separation |
/ o S Ul
RICH2 M1 M2
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The LHCb detector %

T
. o 9 .. \\\
Tracking system: o, ~ 30 MeV/c?, 96% efficiency

A h
e silicon (TT +inner part of downstream tracker) \\

e straw !;u}zés (outer part of downstream tracker)

HCAL
ECAL M5
/ SPD/PS M4
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The LHCb detectca}////\\\\\\
PID: need good ;ef/a/ar%\tion for 7, K etc.

e 2 RICHs t9/¢;)Vér whole momentum range
® muon c/le/t ctors: 1 GEM and 4 gap chambers
)/EECAL + HCAL

e shas HCAL

ECAL
SPD/PS

Magnet RICH2 M1
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The Silicon Tracker (ST): Tracker Turicensis (TT)

TTb . .
e 8.4 m? active area in front of the magnet
TTa o
® two z layers, two 5°stereo layers
J
2 I T
} I . ® opit ~ 50pm
in| 0 NI .
T o " ¢ e staves made of 7 sensors wire-bonded
/ H L . “ »”
/ according to occupancy (“sectors”)
4 . :
\% J ' o TT feels the “tail” of the B field =
n .
Q \\/ 7T allows for preliminary momentum
ke estimate

silicon sensors

carbon-fibre
support rails
Kapton interconnect

cable

front-end hybrids
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Track reconstruction at LHCb %

0
Run II: introduction of VELO-TT 0
. . . . E 04F
tracking algorithm in the trigger. Z ook
= Tracking became 3x faster, 08L
allowing for: 0
. . . 1nF ) ) ) )
© more refined trigger selections L2 3 4 3 8z Tm)
o available resources to perform
online calibration & alignment e ek
T -
= Offline performances e g
achieved in real time! VDo - M-I T
VELO track Tee———
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The Silicon Tracker (ST): Inner Tracker (IT)

e 3 stations of 2 x layers and 2 stereo layers each
e 4 m?2 active area, inner part of the downstream i .
tracker B

® ophit ~ 50um

® magnetic field bends charged particles out of IT
acceptance = less occupancy than the TT
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Silicon detectors: basics %

® The amount of free charge carriers in standard silicon sensors is 10° times higher

than the amount of charge carriers generated by a ionizing particle

Depletion of the p-n junction volume via a reverse-biased configuration:
w = \/2€ 1 p Vbias, w thickness of the depleted region

® Minimal working point: full depletion voltage V4 such that w = d
d2
2 uep
1

where p = — is the silicon resistivity for a doping concentration N, p is the pairs
. e .
mobility and d the thickness of the sensor.

Vfd

|on|§|ng SiQ; insulation
particle Capacitive coupling

TFH b p T D -:p+ -‘p+
o sut
Veo  n-bulk i - 300pm
+T : wiye | E-field
Y ni+ ¥ 5 v v
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Radiation damage in silicon sensors %

Atoms may be displaced from their lat-
tice positions, and subsequently dif-
fuse. The creation of interstitials and
vacancies (space charge) leads to:

® increase of [j.qi due to the creation
of additional energy levels

tyte

® increase of the voltage needed to
transport charges through the full
sensor thickness:
Via = 5= |Ness| d®, where Negy is
the effective doping level

® the defects in the lattice may act as traps for charged particles: decrease in

collection efficiency. At effecting fluences above 10'° equivalent 1 MeV neutrons
per cm?, charges may no longer arrive at the collecting electrodes in 300 um
thick sensors.
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The Hamburg model %

Variation of V4 <= Variation of N, (time, temperature, fluence)
A‘Neff = NC((b) + NA(¢’t7T) + NR((Z),t,T)

Stable damage:

e removal of donors c 1 — ¢~

5000 10°

e increase of acceptors ¢

1000 102

300um)
g

type inversion

Annealing:

190 e 10!

[
S

e recombination of defects
b~ type o< ¢ X e_t/TA(T)

W b 107 i
o e e e Reverse annealing:
@, [10" cm? ]

10°

[ Nege| [10™ em™ ]

n-type

Udcp [V] (d

e combination of individual
defects o ¢ X (1 —

1
T+t/7r(T)

n
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Charge Collection Efficiency (CCE) scans %

Monitoring of the ST radiation damage. Detector installed in the LHCb
cavern = in-situ CV, IV scans not possible!

® V;q must be measured on data!
e CCE scans: probe charge collection efficiency as a function of V4
e CCE saturation = Vyq

=1

e dedicated data taking runs 3-4
times per year

Ghost Prob.
S/B ratio

e one TT and one IT layer
probed, the others used for
track reconstruction

o 44 RM& K 2 ndf’
X/
TToX /"“ ol track

AL ¥ J
( track selection tuned on data

S — N W R O ® O —

Wt seanch wimdow
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Charge Collection Efficiency (CCE) scans

(s

Charge mobility depends on V4.

g 1swf LHCbST |
= V Vbias, access the whole pulse by g S Preliminary
. E [ ignal ]
recording data at several Jt. o
z
® V Viias, ot: s00-Noise p
. L. . y—ee
find MPV of ADC distribution. Model:
no|5e Gausslan 0 SOSigna]h]e?ghl [ADCISV(;lue]
. . . g 40F 'LHCb ST breliminar'y 3
- signal Landau ® noise Gaussian g
- v — eTe: Landau with 2xMPV S ]
s
201 B
oV %ias: ok E
estimate Qor = [,, 4(t)dt A 6 \
. 8t [nsl
® Plot Qo against Vyigs. 3 —
Extract Vgep from: 5 40f: 3
= a0f E
Q(Vdepl) =rX Qmaz lg’ Il;H(I:'b ST
. ) . E. 20 reliminary -
with r calibrated on post-production g b E
CV scans. © L
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Evolution of Vj,; compared to Hamburg predictions %
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Conclusions & outlook %

The performance of the tracking system is crucial for precision
physics
o TT boosted trigger capabilities in Run 2

A procedure was developed to monitor the ageing of the Silicon
Tracker with collision data

o procedure in place since 201

o dedicated data taking runs performed every few months

o will continue until the end of Run I, then the detectors will be replaced

Evolution of Vi, closely follows Hamburg model predictions

Radiation damage is well under control!
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Thanks!
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