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TRACKING SYSTEM
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UT

Mighty Tracker

~50% of long tracks
~29% of long tracks

~21% of long tracks

* At first layer of T1, inclusive-b, 
Upgrade 2 luminosity

*
*
*
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~54	cm	(one	Sci-Fi	module)	
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IT	
Area	per	layer	=	6	lots	of	20x54	cm	=	0.7	m2	(minus	beam	hole)	
Total	Area	=	6	layers	of	0.7	m2	=	3.9	m2	(minus	beam	hole)		
	
IT+MT	
Area	per	layer	=	28	lots	of	20x54	cm	=	3.0	m2	(minus	beam	hole)	
Total	Area	=	6	layers	of	0.7	m2	=	18.1	m2	(minus	beam	hole)		

20cm	
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Inner	Tracker	(LS3)	

Middle	Tracker	(LS4)	

		
		

		

		

		
		

		

▸ HV-CMOS: Inner Tracker (IT), Upgrade 
1b + Middle Tracker (MT), Upgrade 2

L = 2⇥ 1033cm�2s�1
<latexit sha1_base64="6Xx5DZ5jutTUIrfWMuQbSbYoWgs="></latexit>

L = 1.5⇥ 1034cm�2s�1
<latexit sha1_base64="4veIXQxRzj1GXDZsuVpaomyVvSI="></latexit>

▸ Design choices that impact track 
reconstruction performance (track 
finding efficiency, fake rate, 
momentum resolution):

LHCb-INT-2019-007

https://cds.cern.ch/record/2658015/files/LHCb-INT-2019-007.pdf
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▸ Inner Tracker (IT), Upgrade 1b (new ideas)

536 mm

Dead region
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Fibremat top

Figure 3.6: The dimensions of a module as described in the simulation and the definition of
the stereo angles. The size of the dead material is increased to be visible. The simulation
describes one full fibre mat in each module whereas the final module will be constructed using
eight separate 13.5 cm fibre mats placed side by side.

time (less than a few ns). Single dopant fibres that emit in the blue-region (such as PMP,
or p-terphenyl (PT) dye) typically have a shorter attenuation length of ⇠1m, due to the
self-absorption of the light by the dye. Dyes that exhibit a larger separation between their
absorption and emission spectra (Stokes’ Shift), such as 3HF which emits in the green,
have longer attenuation lengths (> 2m). A second approach is to use two scintillating
dyes. The primary dye has a high quantum e�ciency to absorb the energy from the base
material and the second dye is a wavelength shifter (⇠0.05% by weight). It absorbs the
emission of the primary dye, via radiative or non-radiative transfer, and fluoresces at a
longer wavelength where re-absorption in the fibre is less likely to occur [43].

For the time being, all experimental work has been concentrated on the multi-clad
blue emitting fibre of type SCSF-78MJ4 from Kuraray5. It uses p-terphenyl (PT) as a
primary dye, plus tetraphenyl-butadiene (TPB)6 as a wavelength shifter [44–47] and was
chosen as the baseline because of previous experience and knowledge gained from using
the scintillating fibres in other experiments. Co-operation with a second fibre supplier,

4The M indicates multi-clad. The J indicates a high purity distillation process was used. This results
in an extended attenuation length.

5Kuraray Co., Ltd., Ote Center Building, 1-1-3, Otemachi, Chiyoda-ku, Tokyo 100-8115, Japan.
6The dyes have not been confirmed directly by Kuraray, but are based on private communications in

the references. In addition, the spectra and timing signatures correspond well to published literature for
PT and TPB. A derivative of these scintillators is also possible, but less likely.
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Standard	
SciFi	Module	

Hybrid	
Module	

Shortened	
SciFi	Module	

Inner	/	
Middle		
Tracker	

4 layers of hybrid + 8 fibre 
modules. How many ‘old’ 
SciFi modules we can afford 
for tracking performance?

y-size initially chosen for reduction of 
fake rate (assuming fake rate negligible in 
the silicon region). Larger y-size justified 
for specific physics cases?

MIGHTY TRACKER - UPGRADE 1B

▸ Additional options?



T-STATIONS: NEEDS OF ION PHYSICS

LHCb performance in PbPb Collisions
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Benjamin Audurier 23.10.2019

rBrA

▸ PbPb track reconstruction up to 
30% centrality with the upgrade 
detector, SciFi occupancy limiting 
factor

Maximum occupancy of the SciFi

/ Centrality = f(eCal energy)

<latexit sha1_base64="MDKaiBnpdD+kyyW6qBOJPKKUjCA=">AAACDnicbVC7SgNBFJ31GeMramkzGAOxCbshoI0QTGMZwUQhCWF2cjcOzs4sM3eFJeQLbPwVGwtFbK3t/Bsnj8LXgQuHc+6dufeEiRQWff/TW1hcWl5Zza3l1zc2t7YLO7ttq1PDocW11OY6ZBakUNBCgRKuEwMsDiVchbeNiX91B8YKrS4xS6AXs6ESkeAMndQvlA67idEJ6kPaAIWGSYEZPaVRGRpMUlBghtlRv1D0K/4U9C8J5qRI5mj2Cx/dgeZp7J7kklnbCfwEeyNmUHAJ43w3tZAwfsuG0HFUsRhsbzQ9Z0xLThnQSBtXCulU/T4xYrG1WRy6zpjhjf3tTcT/vE6K0UlvJFSSIig++yhKJUVNJ9nQgTDAUWaOMG6E25XyG2YYR5dg3oUQ/D75L2lXK0GtUruoFutn8zhyZJ8ckDIJyDGpk3PSJC3CyT15JM/kxXvwnrxX723WuuDNZ/bID3jvX0axmvw=</latexit>

▸ Higher centrality = higher 
energy density = creation of 
Quark-Gluon Plasma 

▸ IT reduces occupancy in the SciFi: which IT geometry would allow to reach 0% 
centrality? 

LHCb Unofficial

LHCb-INT-2020-004

https://indico.cern.ch/event/858146/contributions/3613464/attachments/1931492/3199227/Audurier_PbPb_Run3Run4.pdf
https://cds.cern.ch/record/2711747/files/LHCb-INT-2020-004.pdf


T-STATIONS: NEEDS OF ION PHYSICS

LHCb performance in PbPb Collisions
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▸ Method: use ALICE Phys. Lett. B 772 (2017) 457 to estimate charged particle 
multiplicity in LHCb 

▸ IT  extended to 2nd to most 
central modules is needed to 
reach 0% centrality

▸ Additional technical complications 
and/or costs

Benjamin Audurier 04.03.2020

multiplicity x 3.5

▸ “Original” IT allows to reach 
10%-20% centrality

multiplicity 
x 2.2

LHCb-INT-2020-004

https://www.sciencedirect.com/science/article/pii/S0370269317305646?via%3Dihub
https://indico.cern.ch/event/893589/contributions/3770182/attachments/1997778/3333543/Audurier_PbPb_Run3_ITGeometry.pdf
https://cds.cern.ch/record/2711747/files/LHCb-INT-2020-004.pdf
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~54	cm	(one	Sci-Fi	module)	
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IT	
Area	per	layer	=	6	lots	of	20x54	cm	=	0.7	m2	(minus	beam	hole)	
Total	Area	=	6	layers	of	0.7	m2	=	3.9	m2	(minus	beam	hole)		
	
IT+MT	
Area	per	layer	=	28	lots	of	20x54	cm	=	3.0	m2	(minus	beam	hole)	
Total	Area	=	6	layers	of	0.7	m2	=	18.1	m2	(minus	beam	hole)		

20cm	

20	cm	

		 		
		

		 		

		
		

		

		

		
		

		

		

Inner	Tracker	(LS3)	

Middle	Tracker	(LS4)	

		
		

		

		

		
		

		▸ Geometrical constraints; Occupancy 
per SciFi fibre < 2% (MT region)

▸ Occupancy: strips shorter than 100mm needed in IT Upgrade 2

▸ Extension of IT/MT/SciFi regions

▸ IT/MT # layers and arrangement

▸ IT/MT pixel/strip size

MIGHTY TRACKER: BASELINE DESIGN UPGRADE 2

▸ Pixels: track finding efficiency close to 100% if dead area is  < 5% with 6 layers

▸ Pixel size in x to have momentum resolution as good as Upgrade 1: 100μm

1060mm

▸ Pixel size in y to maximise track angle (wrt then beam axis) resolution. 
Multiple scattering dominates for pixel size larger than (100-400)μm for 
tracks of (1.5-40)GeV, with 40mm spacing between layers

200mm

LHCb-INT-2019-007

https://cds.cern.ch/record/2658015/files/LHCb-INT-2019-007.pdf
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MightyPix - pixel size
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▸ Baseline: 100μm x 300μm other sizes up to 50μm x 150μm

▸ Cluster size~ 1.02 pixel from 
geometrical considerations 
(slope between exit and 
entry points) other effects 
may dominate

))xαAbs(tan(
Entries  548037
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98% of clusters 
contain one hit

▸ Further studies on going to refine this number

d · tan(↵)
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FINDING TRACKS 

FINDING “LONG: TRACKS - TODAY
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▸ Long (+downstream) tracks: 
what everyone needs

“Forward”

“Matching”

▸ You need to match VELO(UT) track and either hits on T-stations or T-track

▸ Following studies use Bs→φφ MC, generated with Upgrade 2 luminosity and 
Upgrade 1 geometry. MCHits are used (+ smearing to add  hit resolution effect)

UT
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FINDING TRACKS - “VELO-UT” SEGMENT

EXTENDING VELO TRACK SEGMENT IN UT
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▸ Find UT hit to extend the VELO track segment by 
opening a search window in x and y

straight line

VELO

UT, layer 1

Tra
ck

z
x

▸ 14mm x 9mm search window ensures the 
correct hit is within the search window more 
than 98% of the cases; average 7-11 hits 
within search window

Luke Mitchell, Edinburgh summer student project

▸ Next steps: include region dependence and 
try to reduce fake rate (timing?)



FINDING TRACKS - “FORWARD” TRACKING

FORWARD TRACKING
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▸ Assuming VeloUT segment

▸ Find tracks passing basic criteria: not electrons, no secondary interactions between 
last upstream hit and first downstream hit, minimum number of hits and momentum

“kink” plane

search window in x (200mm) and y (75mm) Use search window in y and x information

Use search window in y and x information Repeat for all hits within initial search window, excluding 
downstream segments incompatible for tracks slopes in x and y

Vadym Denysenko 12.02.2020 

1 2

3 4

https://indico.cern.ch/event/887455/contributions/3745560/attachments/1985968/3309164/120220_forward_tracking.pdf


FINDING TRACKS - “FORWARD” TRACKING

FORWARD TRACKING

12

“kink” plane

search window in x (200mm) and y (75mm) Use search window in y and x information

Use search window in y and x information

At least 3 downstream hits (1 per station belonging to the correct particle)

~95%

~33%

▸ First study. Next steps: 
investigate strategies to 
reduce the fake rate

Vadym Denysenko 12.02.2020 

1 2

3 4

Repeat for all hits within initial search window, excluding 
downstream segments incompatible for tracks slopes in x and y

https://indico.cern.ch/event/887455/contributions/3745560/attachments/1985968/3309164/120220_forward_tracking.pdf
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TRACK MATCHING
▸ Assuming stand-alone track 

reconstruction in then T-
stations is possible,
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<latexit sha1_base64="Cvc7bISc+we5uLajfMTd2ZYgjO4="></latexit>

▸ Match the VELO-UT 
segments to the T-station 
segments,  by minimising:

Irene Cortinovis,  Zurich student project Alessandro Scarabotto,  CERN summer student project
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Upgrade 1 Upgrade 2
Efficiency 0.968 ± 0.005 0.932 ± 0.003
Ghost rate 0.127 ± 0.008 0.173 ± 0.004

Upgrade 1 luminosity, 
using same algorithm

If for every VELO-UT track a 
match is found.  

Discarding VELO-UT with too 
high Χ^2:

Matched VELO-UT tracks [%]

98% Matched VELO-UT, 16% ghost rate 

96% Matched VELO-UT, 15% ghost rate 

Irene Cortinovis,  Zurich student project Alessandro Scarabotto,  CERN summer student project

▸ Dominant contribution to these ghost rates is from 
tracks not reaching the T-stations (cut applied for 
following studies)

TRACK MATCHING
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▸ VELO-UT momentum 
resolution ~15%

▸ VELO-T-stations momentum 
resolution ~2%
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TRACK MATCHING - ADDING MOMENTUM & (PV) TIMING
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▸ time resolution                          
assumed to be 30ps �

velo

,�
Tstat
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Zakariya Aliouche 25.03.2020

https://indico.cern.ch/event/901742/contributions/3796709/attachments/2008786/3355658/TrackMatching2.pdf


FINDING TRACKS - TRACK “MATCHING” 16

TRACK MATCHING - MOMENTUM & TIMING
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▸ Only 10% of the wrong 
matches come from the 
same PV

▸ ~60% of the wrong 
matches are electrons

▸ Momentum more 
beneficial than (PV) timing

Zakariya Aliouche 25.03.2020

https://indico.cern.ch/event/901742/contributions/3796709/attachments/2008786/3355658/TrackMatching2.pdf
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T-TRACK FINDING
▸ distance between pair of layers is 

current x1-x2 distance, baseline 
pixels: good hit resolution in x 
and y

▸ start from all the hits in the 
highest z layer and open a 
search  window in y

▸ for each pair of hits search third 
hit within y search window

▸ for each set of 3 hits used linear 
and parabolic extrapolation to 
centre a x-y search window to 
find the hits in the following 
layers

Jiazhen Tang,  CERN summer student project
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T-TRACK FINDING
▸ Multiple track candidates for the same 

initial hit: for p>5GeV the less curved 
candidate (in x) is the real track in most 
of the cases,  for now choosing 
candidate including hits closer to the 
predictions

Possible tracks from one point in y component
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tight search 
window

loose search 
window

Efficiency 89.0% 93.9%

Ghost rate 12.9% 15.7%
▸ Very first study. several 

improvements to make it more 
performing and more realistic

Jiazhen Tang,  CERN summer student project



DETECTOR GEOMETRY DESCRIPTION

DETECTOR DESCRIPTION
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▸ Full geometry of Mighty Tracker implemented in DD4hep

▸ Passive material not (decided and) implemented yet

▸ Some details like gap sizes needs to be confirmed 

▸ Will allow for more realistic track reconstruction studies!

Tai-Hua Lin 04.03.2020

https://indico.cern.ch/event/893589/contributions/3770183/attachments/1997796/3333577/MightyTrackerDD4Hep_taihua200304.pdf


SUMMARY AND OUTLOOK 20

OUTLOOK

▸ First track reconstruction performance studies (using MCHits)
▸ First pattern recognition algorithm for MT implemented - few more ideas to be tried 

and hits in the fibre region to be added: tool to optimise pixel size/layer spacing

▸ Extension of VELO track segment with UT hits and downstream hits to be better 
investigated (might be profit from timing?) 

▸ Upstream/downstream track segment matching looks promising, momentum looks 
more beneficial than timing 

▸ Progress in DD4hep detector geometry description 

▸ Geometry implemented in DD4hep, next steps: material implementation and 
realistic tracking studies

▸ Good progress so far, but a lot still to do

▸ Open design questions/optimization
▸ Pixel size, module design (material, support, structure), strategy for Upgrade 1b



BACKUP
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UT OCCUPANCY - UPGRADE 1

22

▸ Minimum bias (MB) events used to estimate 
the strip occupancy and the number of hits to 
be recorded 

UT: FIRST STUDIES

Jianchun Wang, Quan Zou, Yiming Li, 18.03.2020 

▸ At inner sensors the average occupancy is 
~1%. Some ASICs are higher ~2% 

https://indico.cern.ch/event/898363/contributions/3791943/attachments/2005285/3348836/20200318_ut_U2.pdf


UT OCCUPANCY - UPGRADE 2
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▸ Occupancy / radiation requirements an order of magnitude higher than in Mighty 
Tracker

▸ Could imagine  equipping using HVCMOS of IT and/or outer part with silicon strips

UT: FIRST STUDIES
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▸ From occupancy considerations, strips in external region (2/3 of the area) feasible, 
pixels internally (1/3 of the area)

Luke Mitchell, Edinburgh summer student project



REGIONS OF COVERAGE

OCCUPANCY STUDIES
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▸ Number of hits obtained from Geant4 simulation (MCHits) - safety factors needed  
for: pp collisions, tracking threshold, material assumes the full SciFi

Constraint on occupancy of the SciFi to Upgrade 1 
occupancy  (to preserve tracking performance and contain 
radiation damage of the fibres) sets the MT dimension

Low occupancy per silicon 
sensor preserves track 
reconstruction (e.g. allowing 
stand alone track 
reconstruction in T-stations)

▸  Hybrid modules: same width for IT/MT and SciFi modules 

Upgrade 2Upgrade 2



REGIONS OF COVERAGE

OCCUPANCY STUDIES - SCIFI
▸ Choice of MT size: maximum occupancy in Upgrade 2 in SciFi does not exceed the 

occupancy of SciFi in Upgrade 1

25
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▸ Maximum integrated occupancies along the fibres

2%

2%

Occupancy per fibre averaged over 40 fibres in top half (y>0) station 1, layer 1 

Upgrade 1b Upgrade 2



REGIONS OF COVERAGE

OCCUPANCY STUDIES - IT & MT

▸ Estimated the occupancy per pixel/strip in IT & MT

26

▸ All acceptable values  for Upgrade 1b, likely shorter strips needed for Upgrade 2  

Upgrade 1b Upgrade 2

▸ Could we use silicon strips?

Occupancy per bin (0.1mm x100 mm - strip size) per event



UPGRADE 1B

INNER TRACKER: FIRST ESTIMATE OF FAKE RATE REDUCTION
▸ While the horizontal dimension of IT is constrained to be 1060mm by the width of 

the two (central) SciFi module dimension, there is room for optimisation of the 
vertical size 

▸ Hits in different IT region are removed to estimate the improvement in fake rate 
(in the SciFI) 

27

Upgrade 1b

Nominal IT area, fake rate 3%

Full SciFi, fake rate 18%

▸ VELO-like track reconstruction in the IT assumed



NEW PROPOSAL FOR UPGRADE 1B

UPGRADE 1B - QUICK CHECK 
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Full SciFi 
x 6 x4

▸ Hits in different IT region are removed, standard (in the SciFI - VELO-like track 
reconstruction is assumed) 

L = 2⇥ 1033cm�2s�1
<latexit sha1_base64="6Xx5DZ5jutTUIrfWMuQbSbYoWgs="></latexit>▸ B+->J/psiK+ sample,                                         , O(1k) events digitised & reconstructed, 

▸ Attenuation maps considered for the fibres https://gitlab.cern.ch/lhcb-conddb/
SIMCOND/tree/upgrade/master/Conditions/FT/Calibration (documented here: 
http://cdsweb.cern.ch/record/2673602/files/LHCb-PUB-2019-007.pdf),
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FINDING TRACKS - TRACK “MATCHING” 29

TRACK MATCHING - MOMENTUM & TIMING
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▸ Only 10% of the wrong 
matches come from the 
same PV

▸ ~60% of the wrong 
matches are electrons

▸ Momentum more 
beneficial than (PV) timing

Zakariya Aliouche 25.03.2020

▸ VELO-T-stations momentum resolution ~1%

https://indico.cern.ch/event/901742/contributions/3796709/attachments/2008786/3355658/TrackMatching2.pdf


NUMBERS OF LAYERS

PIXELS - TRACKING IN Y - 6 LAYERS

30

▸ Pixels: high resolution in x and y: for pixel based IT/MT the number of layers can be 
reduced, achieving similar or better resolution

▸ Pattern recognition not only in the bending plane ?

▸ With 100% sensor active area 
(possible if DMAPS pixel chips are 
arranged to overlap in each layer), 
6 layers would obtain the effective 
measurements of the current IT
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>3 hits

>4 hits

Track finding efficiency 
close to 100% if dead area 
is  < 5% with 6 layers

toy simulation



PIXEL SIZE (X)

MOMENTUM RESOLUTION
▸ Momentum resolution studied on D→Kππ Upgrade 1 sample, described 

accounting for Multiple Scattering (MS) and hit resolution (res)
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toy simulation to extrapolate to Upgrade 2Upgrade 1

▸ Pixel size 200μm results in a slightly worse momentum resolution, pixel size 100μm 
results in an improvement (up to 20% at high momentum)



PIXEL SIZE (Y)

TRACK ANGLE RESOLUTION
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▸ Track toy (linear segment) 
obtained from a truth angle, 
and hits from smearing due to 
hit resolution and Multiple 
Scattering (MS)

▸ A “per-track” quantity allows to account for the pixel size and position of the 
tracker layers at the same time: track angle resolution (in y)
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X/X0 = 0.565% (3.9mm spacing)

▸ Pixel size in y of (100-400)μm optimal for tracks of (1.5-40)GeV



PIXEL SIZE (Y) AND ARRANGEMENT OF LAYERS

SPACING BETWEEN LAYERS

33

▸ Detector material considered for a double layer design (3.9mm spacing)

▸ When the layers in each doublet are too close, the hits are not distinguishable, and 
cannot provide a direction useful for the pattern recognition (larger search windows 
needed, extra random hits…)

▸ Which fraction of tracks has the same hit position in y?
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NUMBER AND ARRANGEMENT OF LAYERS

ARRANGEMENT OF LAYERS
▸ Minimise the material: 3 double-sided 

layers with the sensor layers separated by 
(3.9-40)mm - constraints: support, cooling 
structure needed

34

▸ Distance between layers in each 
doublet should be good enough for 
pattern recognition to form starting 
seeds (2 hits, direction information)

▸ Spacing between layers to be studied together with pixel size

▸ Alternative to 3 double-sided layers, giving larger spacing but increasing 
material budget is to locate the 6 layers in the x layers of the x-u-v-x of SciFi

▸ Alternative to the 6 layers is 8 layers, arranged in 2:2:4 for T stations 1:2:3, to 
minimise the material seen by the SciFi

CF	skin		
Core	with		
Integrated	cooling	

Si	Sensors	
Kapton	flex-circuit	



PIXEL SIZE (Y) AND LAYERS POSITIONS

IF THE LAYERS OF THE DOUBLETS ARE TOO CLOSE
▸ Detector material considered for a double layer design (3.9mm spacing)
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▸ When the layers in each doublet are too close, the hits are not distinguishable, 
and cannot provide a direction useful for the pattern recognition (larger 
search windows needed, extra random hits…)

▸ Which fraction of tracks has the same hit position in y?
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▸ To-do: evaluate the impact of this
▸ spacings like 40mm looks preferred
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TRACK MOMENTUM

MOMENTUM DISTRIBUTION IN IT, MT, SCIFI REGIONS
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▸ Inclusive-b MC 
sample, 1.5x10^34, 
Long tracks, at first 
layer of first station
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PIXEL SIZE (Y) AND LAYERS POSITIONS

DIFFERENT CONFIGURATIONS [15GEV- MEAN P IN MT ACCEPTANCE]

37

silicon on x1 and x2 layers of T-stations
▸ Small dependence on the 

layers positions. For 
doublets (3.9-40mm) no 
gain for < 200μm
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PIXEL SIZE (Y) AND LAYERS POSITIONS

DIFFERENT CONFIGURATIONS [5GEV]
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silicon on x1 and x2 layers of T-stations



CHIP SPECIFICATION DOCUMENT

SIZE OF THE CLUSTER (IN #PIXEL)?

Track, 4um radius of charge deposition

Beta
track angle to
vertical

Thickness d
(LHCb z dirn)

d* tan(Beta)

X, y view of pixels
Example entry at back and exit 
at front points of track

x(y)

z

39



CHIP SPECIFICATION DOCUMENT

SIZE OF THE CLUSTER (IN #PIXEL)?

))xαAbs(tan(
Entries  548037

Mean   0.00113±  0.518 

Std Dev    0.000798±  0.832 

0 2 4 6 8 10
1

10

210

310

410
))xαAbs(tan(

Entries  548037

Mean   0.00113±  0.518 

Std Dev    0.000798±  0.832 

))yαAbs(tan(
Entries  548037

Mean   0.000889±  0.245 

Std Dev    0.000629±  0.657 

0 2 4 6 8 10

1

10

210

310

410 ))yαAbs(tan(
Entries  548037

Mean   0.000889±  0.245 

Std Dev    0.000629±  0.657 

▸ Slope between exit and entry points of the MCHits along x and y directions (in 
plots: average over the events of the sample)

▸ MCHits in the T-stations (i.e. secondaries etc included)

▸ d = 30microns, baseline pixels 100microns x 300microns

▸ 97.5% of the hits has cluster size 1, 2.5% of the hits has cluster size 2… Cluster 
size should be ~1.02 pixels
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TIME RESOLUTION AND TRACK MATCHING/PV ASSOCIATION

41FINDING TRACKS - TIMING
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▸ Example: use TORCH time 
measurement (~15ps per-track 
resolution) for downstream and 
UT (layer or sensors - 25-200ps 
per-track resolution)

LHC collision time 
sigma ~ 200 ps

▸ To be studied impact on full 
matching upstream/
downstream and rate of mis-
association (fakes)


