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starts and we must R&D
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In 2029, new era of data taking One of the main culprits is We present a new tracking algorithm
starts and we must R&D tracking due to combinatorics called “Line-Segment Tracking” (LST)
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In 2029, new era of data taking One of the main culprits is We present a new tracking algorithm
starts and we must R&D tracking due to combinatorics called “Line-Segment Tracking” (LST)

LST is implemented to be
accelerated on GPUs
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One of the main culpritsis ~ We present a new tracking algorithm
tracking due to combinatorics called “Line-Segment Tracking” (LST)

CMS Simulation Preliminary
s = 14 TeV PU200 tt

p.>09GeV, Iz l<30cm,r <2.5cm
T vertex vertex

rte;
—e— LST (2 iter.) —— Baseline (2 iter.)
—— Baseline (all iter.)

Tracking efficiency
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Provides good performance
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In 2029, new era of data taking One of the main culpritsis  We present a new tracking algorithm
starts and we must R&D tracking due to combinatorics called “Line-Segment Tracking” (LST)

CMS Simulation Preliminary

muon-gun w/ 5 cm cube prod. origin

CMS Simulation Preliminary

s =14 TeV PU200 tt

p.>09GeV, Iz l<30cm,r <2.5cm
T vertex vertex

—e— LST (2 iter.) —— Baseline (2 iter.)
—— Baseline (all iter.)

Tracking efficiency
Tracking efficiency

LB 10) PN 1004004304043 (Y Ty g8y, artlyy,
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LR ":5-:: ..“‘“ “-..:;A“" o0y

LST is implemented to be > 7 g 1
accelerated on GPUs Simulated track n Simulated trackr, .. [cm]

vertex

Provides good performance Naturally tracks displaced particles
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We did not box ourselves to one or the other

We primarily focused on developing algorithms that can
run in parallel on processors capable of parallelism

Once we developed the algorithm to a more mature
state, we implemented our work on GPUs

But the algorithm itself is parallel in nature and
potentially possible to exploit other architecture



LST.
\ Ve

DA
i A

<\

UF

Opportunity at HL-LHC CMS Outer Tracker Chang

Florida

|
“:]:‘[{\j“ ________
Y AARUV) "\ ‘l
“5’2 ’\““' i
i o
it A EHARY
x\l\,“ \mm II |
— il
u;“‘,!“‘ [J/HII'[ng'E {1
A‘f'f"f“‘ }HH "k a
i Wl I
it
;ﬁ%ﬂ‘ \
r*l.‘-.“ P‘!\‘ ) f
TRk




LST. . UF
50 Opportunity at HL-LHC CMS Outer Tracker Chang

o Florida
l !

S S S

. aa—




LST. ] UF
S Opportunity at HL-LHC CMS Outer Tracker Chang
A -pans

1
T doublet silicon layer
Ty Wy detector module




LST. ] UF
S Opportunity at HL-LHC CMS Outer Tracker Chang
A -pans

1
T doublet silicon layer
Ty Wy detector module




RIS ;'éF’;ﬁg

| m:
ge U
& 3 A
v ]
1-.* [ ) ' i

- T RO ey
33 EXL SR

——

—

CesemT—

UF

Chang

Florida




LST. UF

SO Chang
pE . Florida

B ———
 ——————
N —
B — el

[ — el
ST E———
D —
ST ———
N —
ST ——

Magnetic field direction
parallel to beam pipe
perpendicular to
transverse plane

proton

proton

beam pipe



LST. UF

SO Chang
pE . Florida

B ———
 ——————
N —
B — el

[ — el
ST E———
D —
ST ———
N —
ST ——

Magnetic field direction
parallel to beam pipe
perpendicular to
transverse plane

proton

proton

beam pipe



LST. UF

I Chang

a1 /. Florida
B — el

Low momentum
= large bending in
transverse plane

Magnetic field direction
parallel to beam pipe
perpendicular to
transverse plane

proton

proton

beam pipe



LST. UF

:/_\_:\_”.-:' Chang
R / Florida
B — el
e ——————
‘»
IR R———

Low momentum
= large bending in
transverse plane

High momentum
= small bending in

transverse plane
Magnetic field direction

parallel to beam pipe
perpendicular to
transverse plane

proton

proton

beam pipe



LS T\}. PosSi bleq""-\ UF

SN . -‘ . Chang
! ‘/\\\\‘ t ra] ecto ry ““‘ ; "."’ Florida
: ; e ——

outside trajectory window

- We do not want to
consider this pair of hits

0.8 GeV momentum trajectories
(+ and - charge)
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R there are multiple
candidates to try

Each module can be processed in
parallel at a large scale on a GPU
(there are O(30k) modules)

= Performs processing >0.8 GeV MDs
in ~2 ms for PU200 event on A100
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Each pair of modules
(depicted by ovals) can
process line segment
creation in parallel
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process line segment
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Two Line Segments can
then be connected to
form a Triplet of mini-

doublets (T3)

We apply geometric
constraints to require
them to be helix-like
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Triplet formation can be
performed in parallel on
GPUs
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> Creating Quintuplets
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Two T3’s can then be
connected to form a
Quintuplet of mini-
doublets (T5)

We apply geometric
constraints to require
them to be helix-like
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Quintuplet formation
can be performed in
parallel on GPUs
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Inner tracker provides “mini”’-tracks with three to four hits
= use these “seeds” as equivalent as a Line-Segment called “pixel LS” (pLS)
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pLSs are then connected with
T3’sand T5’s to form pT3,
and pT5
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TS T5’s can be standalones
even if no matching
T3 pLSs are found

(cf. T5’s have 10 hits,
and can naturally track
displaced tracks)

T5
pLS

| s
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unused ones are useful for o] g tracks
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Track Candidate Collection

{pT5s, ..., pT3s, ..., T5s, ..., pLSs, ..., }
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LSs~-1ms .
T3S ~3'4 ms AN \ ‘. R g8
Measured on single

T5S ~3-4MS  A100 at HiPerGator Al

pT3s ~2ms of University of Florida
pT5s ~2ms
TCs ~3ms

Total ~ 17 ms / evt
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Track Candidate Collection

{pT5s, ..., pT3s, ..., T5s, ..., pLSs, ..., }
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LSs ~1 ms 20 1
T3s~3-4ms .

Measured on single

T5S ~3-4 MS  A100 at HiPerGator Al

pT3s ~2ms of University of Florida
pT5s ~2ms
TCs ~3ms

Total ~ 17 ms / evt

Total ~ 9.6 ms /[ evt

If multi-streaming to have
multiple events in flight

33
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First we use standalone setup with rough estimate of track parameters to

assess performance.

(Full result with integration to CMS Software featured in later slides.)

Efficiency of Fake Rate of
Track Candidates Track Candidates

CMS Simulation Preliminary
s = 14 TeV PU200 tt events
p,> 0.9 GeV

CMS Simulation Preliminary
(s = 14 TeV PU200 tt events
p, > 0.9 GeV, Izvenexl <30cm, o

Fake rate

<25cm
rtex

- All LST objects -+pT5 —pT3 —-=T5 oL All LST objects -+pT5 —pT3 —-=T5
Unused initial iteration seeds Unused initial iteration seeds

4 -3 -2 -1 3 4 4 -3 -2 -

Simulated track Track candidate

Duplicate Rate of
Track Candidates

CMS Simulation Preliminary
(s = 14 TeV PU200 tt events
p, > 0.9 GeV

- All LST objects -+pT5 —pT3 —=T5
Unused initial iteration seeds

Duplicate rate
©
N
[6))

o
[S)

Track candidate n
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First we use standalone setup with rough estimate of track parameters to
assess performance.
(Full result with integration to CMS Software featured in later slides.)

>

% CMS Simulation Preliminary

;f;’ muon-gun w/ 5 cm cube prod. origin

© p,>0.9GeV, <251z _ 1<30cm

(@)

._% - All LST objects —+pT5 —+pT3 —-=T5

. S Unused initial iteration seeds d |Sp|aced
Out-of-the-box (with no = muon dun
configuration change) 9

LST covers good amount sample

of displaced tracks
Can be improved further

Simulated track r

vertex
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Tracking efficiency

Preliminary LST result from CMSSW
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Next, we use integrate the LST algorithm to CMS Software (CMSSW)
workflow. Track fitting is performed and “loose” track selection applied.

Efficiency of
Track Candidates

CMS Simulation Preliminary
s = 14 TeV PU200 tt

ml <4.5, Iz l<30cm,r <25cm
vertex vertex

rte
—e— LST (2 iter.) —— Baseline (2 iter.)
—— Baseline (all iter.)

) (i i 2 O T e -X-
L ecSe IS0 SR ’i‘
—v—’ril*ﬂ *i
-v-_ A X~
u

v- -

10 102

Simulated track P, [GeV]

Fake rate

Fake Rate of
Track Candidates

CMS Simulation Preliminary
Vs =14 TeV PU200 tt
p, > 0.9 GeV

—e— LST (2 iter.) —— Baseline (2 iter.)
—— Baseline (all iter.)

Track n

Duplicate rate

—_
(@)

Duplicate Rate of
Track Candidates

CMS Simulation Preliminary
s = 14 TeV PU200 tt
p, > 0.9 GeV

—— LST (2 iter.) —— Baseline (2 iter.)
—— Baseline (all iter.)
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Next, we use integrate the LST algorithm to CMS Software (CMSSW)
workflow. Track fitting is performed and “loose” track selection applied.

1.6 CMS Simulation Preliminary
s =14 TeV PU200 tt
p, > 0.9 GeV, nl <4.5, Izvertexl <30cm

—e— LST (2 iter.) —— Baseline (2 iter.)
—— Baseline (all iter.)
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Out-of-the-box (with no
configuration change)
LST covers good amount
of displaced tracks
Can be improved further

Simulated track r, .,
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Presented LST algorithm for HL-LHC using GPUs
Shows good performance on par w/ default tracking
Naturally extends to displaced tracks

Integration / tuning / optimization on-going
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