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Large Hadron Collider beauty (LHCb) experiment in a nutshell

[Int. J. Mod. Phys. A 30, 1530022 (2015)]
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http://arxiv.org/abs/1412.6352

Large Hadron Collider beauty (LHCb) experiment in a nutshell

[Int. J. Mod. Phys. A 30, 1530022 (2015)]

- . - S LAy ,I
N o=z (i = Te—— ///

Silicon Tracker

R S0, i-f '4 Inner | Tracker
: \ Tracker e H

\» g | . N :,hka 1
‘\ Detector Vs i e B BN ¢
S | : @ - “‘! |
< . ! = — ‘l’ g
_l " — - = =

w"ﬂ

Collected data:
“Run 1;3:fb?
Run 2: 2 fb?

—

Vincenzo Battista (EPFL) 22/05/2017 5/28


http://arxiv.org/abs/1412.6352

The Vertex Locator (VELO)

42 silicon n " -on-n microstrip modules.

2048 strips per module:
o thickness 300 pum;
@ pitch 30 — 100 pum.

Hit resolution ~ 5 — 25 um.
172k channels.
Crucial for:
@ b and c-hadron vertices and
lifetime;
@ high-level trigger (rate reduction
from 1 MHz to few KHz).

o fast pattern recognition!
~ [Beetle ASiC.
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The Silicon Tracker (ST) - Tracker Turicensis (TT)

. 157.2 cm N
pt-on-1,9.64 cm x 9.44 cm x 500 pm TTb

silicon sensors.
TTa

~ 143k channels, 8.4 m? of active area.

Stereo angle ~ 5° in intermediate layers.

Hit resolution ~ 52.6pm.

Trajectory and momentum of charged
particles upstream the magnet.
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The Silicon Tracker (ST) - Inner Tracker (IT)

pT-on-n, 7.6 cm wide and 11 cm long
silicon strips.

Thickness 320 — 410 pm.

Four layers (x-u-v-x) per station (stereo
angle ~ 5°).

~ 129k channels, 4 m? of active area
Hit resolution ~ 50.3um.

Trajectory and momentum of charged
particles downstream the magnet.

cooling balcony
Kapton insulation

carbon-fibre / foam
sandwich support
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Radiation damage

sta (EPFL)



The Hamburg model

M. Moll, “Radiation damage in silicon particle detectors: Microscopic defects and macroscopic properties”, Phd thesis, Hamburg U., 1999

Depletion voltage depends on effective doping level N, collection efficiency e and thickness d:
Viepl = ~ |Negeld?
depl = 5 [Net
Hamburg model: variation of Ng depends on time, temperature and 1-MeV neutron equivalent

fluence:
ANeff = NA(q’eqa £, T) + NC(‘I’eq) + N1<(‘I>eq, £ T)

—~ 50001 10° Stable damage. Removal of donors, increase of
g_ — stable acceptors:
< 1000 «w = _ _
K 500 type inversion 102 g Nc = Nc,o [1 exp ( Cq)eci)] +8cPeq
-I.\li/ 128: e lig = Annealing of defects (e.g. recombination):
- _ t
Z 10 = Na=gadeqexp <_ m(ﬂ)
E S " s . NS
D% - type p - type Z  Reverse annealing. Combination of individual
110’1 B T T T T i,efed& @ (1 1 )
12 -2 R = 8RPeq | 1 — 7
@, [10" cm™ ] Hm
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http://www-library.desy.de/cgi-bin/showprep.pl?desy-thesis99-040

Charge Collection Efficiency (CCE) Scans

Reconstruct tracks with subset of layers and find clusters on "ignored" layers for different Vi,
values.

TT example: . )
TT track (quality) selection:
TTbV  TTbX g 10 10 o
TTaX TTaU g _FiII 2472 o B
3 o8l s 3
o oL
(U] 3 7
06~ 6
C 5
0.4 - 4
C 3
0.2}~ 2
5 1
Layers used for clusters/tracks reconstr oL T o
Reconstructed clusters and tracks. 0 1 2 3 4 5
. . X4 Indf
Layer with varying Vpj,s. track
Cluster found on search window. Cluster is signal if charge > 12 ADC.

Noise cluster (used for noise estimation).
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Charge Collection Efficiency (CCE) Scans

1800 LHCb ST ]

E Preliminary
How to obtain Vep: 2 ook Signal E
g
Obtain the signal MPV from the ADC Landau soorNoige ]
distribution. y—ee
0= 10010
Signal height [ADC value]
3 40F 'LHCb ST l'?’reliminar'y 4
8
< af g
Repeat for many time shifts from the nominal g
sampling time to obtain the pulse shape. Get = E
the charge by integrating the pulse shape. o ]
0 —50 6 20
a3t [ns]
5 wf 3
Repeat for different Vy,s. The charge is = f E
saturated when: 3 LHCb ST
% 20F Preliminary 4
Vbias ~ Vdepl g 10p 3
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Depletion voltage VS time for TT

Results for an outer (left) and an inner (right) TT sector.

< 300 . . . n < 300p . . . N

>g LHCb ST Preliminary >§

250 r ] 250 F ]

R R L 200F R

1501 ] 10 LHCb ST Preliminary
100 oTol 3T oTor 3012 100 oTor 302 o0Tor 3012
202 2013 2016 2017 2012 2013 2016 2017

Date Date

Good agreement between measurement from CCE scans and Hamburg model prediction.
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Depletion voltage VS fluence for TT

Comparison between CCE scan results and stable damage term of Hamburg model.

o 15—
Z [ LHCb ST Preliminary ]
E_ - i i A‘%
3) ______+j _ ,‘ ) % ﬂ k
§ 1____ . ) T, .
- I
'_ -
0.5
I e Vuep| 0[220,280] V' o  Innermost region
m a Vdep| 0[160,220] V' a  Innermost region
- Hamburg Model (Vdep' =200V)
O |
109 1010 1011 1012 1013 15014
(pl MeV-n,eq [Cm ]

Vo from CCE scans performed before detector installation.
Good agreement data/prediction from Hamburg model. Type inversion not yet occurred.
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Depletion voltage VS fluence for VELO

2016 delivered luminosity (up to August):

1.36 fb—1
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2016 delivered luminosity (up to October):
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Innermost regions are more exposed to
radiation.

Good agrement data/prediction from
Hamburg model.
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Cluster finding (pseudo)efficiency for VELO - R sensors

2016 delivered luminosity (up to August):
1.36 fb~!

2016 delivered luminosity (up to October):
2.25 fb~1

Cluster Finding Efficiency [%]

LHCb VELO Preliminary 2016

88—
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E o siimm
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Cluster finding (pseudo)efficiency for VELO - ¢ sensors

2016 delivered luminosity (up to August): 2016 delivered luminosity (up to October):
1.36 fb~1 2.25 fb~!
gOrey T Al .. gore T . Saeret -
59 Ly .--: 1298:—' o’ T o
g sef- ° : % o6 . P
£« LHCb VELO Preliminary 2016 Zoa October
% 92[~ E 925— .
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E  Phi sensor, 200V *semn . ®E  Pnisensor, 200V » s
8% % 0 ED 200 50 S B - —
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"Pseudoefficiency": no ghost track suppression.

Understood readout problems for sensors 76
and 97.
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Timing and spillover
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Beetle chip and spillover

M. Agari et al, "Beetle: a radiation hard readout chip for the LHCD experiment”, NIM A518 (2004)

Beetle chip analogue output gives spillover clusters with 25 ns bunch spacing (Run 2).

Beetle sampling time.

.
=30% of maximum
amplitude
>
-25
t(ns)
0
t (ns)
=10% of
maximum
amplitude
+25
t (ns)

Data-driven studies from bunch crossing:
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http://www.sciencedirect.com/science/article/pii/S0168900203029218

TT and IT cluster charge distribution

Good separation between signal and spillover clusters.

Higher overlap in TT due to higher strip capacitance.

Central Signal+Spillover (25ns data)

Central Signal+Spillover (25ns data)
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TT and IT cluster occupancy - clusters from tracks

Occupancy: number of cluster normalised over number of events.
Occupancy of clusters from reconstructed tracks is almost unchanged with or without spillover.

TT signal + spillover

LHCb ST Preliminary 2015

TT signal

107

IT signal+spillover

LHCb ST Pr

IT signal
[T cluster map |




VELO tracks with spillover

Low temperature (—7 C°) allows fast pulse shape wich minimizes spillover.

3 Combined pulse shape Average pulse shape: Landau bins
— 25ns later I 7
5'F _ Gottsionex | 2 Frvres Jooiass B A - -
g 3 8 N
h: Q o g
2 S S
10" -Mean 1.204 El H i | 0152002128
RMS 4.444 5 3 i, #5103
2.8k entries H v 2 ampowt 20352027
3
i
0% /
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10° 100k entries b E i B
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N Tracks

Tracks made up with spillover clusters only are ~ 1.5% of tracks from "normal" tracking.
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Conclusions and summary
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Putting everything together

&
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Primary Vertex (PV) and impact parameter (IP) resolution

g 35k 3300_—
£30- £250-
E C E L
825 2200
® 200 I
1501
15 S 3 .
- 100 e
LHCb Prel r S
10 _C ; imnary LHCb Prelmunary i
data (s=13Tev |  pCESONIGUMMALY e
50f —data Vs=13 TeV
5, data \s=7 TeV data \s= 7TeV
o data r 8 TeV | - data is= 8TeV, |
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
N N
E 1 E T T T T T T 3
= gof- ——2012 Data = ——2012 Data E
@ aof = 2015 25 ns Data @ gf 201525 ns Data E
=] 70; =] é
d E
o 3
- E
sof- LHCb VELO Preliminary LHCb VELO Preliminary
20— 2012 Data: 6= 11.6 + 23.4/p_ 2012 Data: 6=11.2+23.2/p, 3
10 201525ns Data: 0=11.8 +23.7/p, 5 201525 ns Data: 0=11.8 + 23.3/p_ é
% 0‘5 i 1‘5 2‘ ! E o‘.s 1‘ 1‘.5 % ! E

25
1IpT [c/GeV]

Run 2 resolution is better than (or comparable with) Run 1.

Reconstruction can cope with VELO radiation damage, spillover and higher track multiplicity.
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Decay time resolution and track reconstruction efficiency
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Tracking in Run 2 is similar to Run 1.

Radiation damage, spillover and higher track multiplicity are not showstoppers for LHCb physics!
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Radiation damage is affecting VELO, TT and IT silicon lattice as predicted by theoretical models.

Spillover noise due to small bunch spacing in Run 2 is negligible and is not affecting track
reconstruction.

Track reconstruction performance in Run 2 is better than Run 1:
@ detector ageing under control.

@ improvements in the reconstruction software: faster pattern recognition which allows online
calibrations and alignment and better performance.
— more details about online in talk from Artur Ukleja on 23/05.

Good performances expected for VELO, TT and IT until their replacement (end of Run 2). New
detectors will be in place to cope with higher occupancy expected in Run 3:

@ VELO upgrade;
o Upstream Tracker;

o Scintillating Fibre Tracker.
o seek for dedicated talks!
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Large Hadron Collider beauty (LHCb) experiment in a nutshell

Forward spectrometer (2 < 1 < 5) optimized
for b-hadron physics (B, Ay, Qp...).

LHCb MC
(s=14Tev

High-precision measurements in flavour
physics (CKM, beyond SM...).

4
0, [rad]

0, [rad]

Excellent performances .
[Int. ] Mod. PhyS A 30, 1530022 (2015)] LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2016

@ Momentum resolution: % ~ 0.5-0.8 % g [ /
(p < 100 GeV/c). = f /
2 4
@ Impact Parameter (IP) resolution: E J
orp ~ 20 pm (at high pr). 5 sf /
£t
@ Decay time resolution: oy ~ 50 fs. g F /
] o ) L 2016 (65 Tev): 167 /b
o Particle Identification (PID): ¢(K) ~ 95%, 3 / e o
7w mis-ID~ 5% (p < 100 GeV/c). g i 2011 @5TeV) 111/
%’ C 2010 (3.5 TeV): 0.04 /b
o= 2010 2011 2012 2015 ' 2016
Year
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http://arxiv.org/abs/1412.6352

VELO hit resolution
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TT hit resolution
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Hamburg prediction for VELO sensors

Run 2
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TT and IT cluster occupancy - all clusters

Occupancy: number of cluster normalised over number of events.
On average, spillover occupancy is a factor ~ 3 (TT) or ~ 8 (IT) smaller than signal.

TT signal IT signal

IT spillover
[ 1T cluster map |
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Signal-spillover tradeoff for Beetle signal
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