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Introduction: LHCb track types
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Introduction: HLT1 sequence
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Downstream at HLT1 level (why ?)
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Algorithm design: strategy

Upstream trac

R W
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Extrapolate SciFi seeds to UT

Take the output of SciFi seeding
Filter out the used seeds

Extrapolate to UT stations
(through magnet point)

Xz-projection
z
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Algorithm design: track model

S’i = (.’IJ, Y, twa ty7 Q/p)T

Particle movement through magnet (Kink)

ZMagnet =060+061't§+062't;25+043'%

+ oy - |XsciFi| + @5 - |Ysciri| + @6 - |ty| + a7 - |tx].

— Scifi seed
~== Search window
= Magnet
Scifi stations
+ UThits
«  True UT hits

SciFi seed

e
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XMagnet = XSciFi T txser * (zMagnet - ZSciFi)-

YMagnet = (Ysciri +dy) + byMagnet © (ZMagnet — Z8GiFi)-

| Fymagnet = tyscr 1 Aty- |

dy and dty are the special extrapolation corrections
IN Yyoenet since its extracted from stereo tilt

dy = Bo+ P1 - Ysciri + B2 * tysw + B3 - 4/ P-

dty = 70+ 71 - YsciFi + 72 - tysars + 13- 9/ P-
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Algorithm design: track model

ﬁirst slope estimation

Correction to the first slope

Expected position at layer_i

Tolerances:

For X layers i.e. UTbX and UTaX

. XMagnet
Flrst_tqu - agne + dtx,
ZMagnet

dty = &g + a1 - tyg i +a2-q/p.

Yiayer, = YMagnet + ty X (Zlayer,- - ZMagnct)/

Xlayer; — XMagnet + fx X (Zlaycri - ZMagnet)-

T(layer;) = ao + a1 - |q/p|

\{or UV layers i.e. UTbV and UTau | (layeri) = ao+ a1 - [q/p[ + a2 -[(q/ P)zy

Momentum estimation

Aslope

glp= - magnet_polarity

T ot B4 8
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(Find UT hits and
build UT track)
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Algorithm design: flow

Kernel function 1:
128 SciFi seeds per thread block

Filtering used SciFI seeds
For each input SciFi seed,
extrapolate to last x layer
(UTbX)

Store up to 10 best
candidates

Update slope of each
candidate using magnet
point and hit position.

Prepare output:

Algorithm is divided into 3 main kernel functions:

Kernel function 2:
256 candidates per thread block

Add hits from rest of the UT

layers
Find best combination of
U/V hits

Compute the scores based on

distance b/w extrapolation
and real UT hit positions

Kernel function 3:
256 candidates per thread block

Find best candidate based
on the scores from previous
function

Check for hit duplication
Perform ghost killing

e Copy hits and tracks to output(compact SOA container)
e C(Create standard multi-event viewer
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Algorithm design: ghost killer NN Tuerady

—200 -

A single hidden (14 nodes) layer fully connected NN

It utilizes 8 variables as i £ S =
. N ¢ sz
o t utilizes 8 variables as input: = x A = %%g//
~a00] y U~
o  Downstream track state (X,y,tx,ty,q/p, X?) 400 O 7
X £
eqme . 2 Ghost track (Z
o  SciFi track properties (q/p, X ) ty () 70
e The model was trained using B; — ¢¢ events. a/p O o3
. . : chi2O) N
e In order to boost speed, certain C++/CUDA tricks are applied, such aaas
SciFialpC v
N

as using static structs, employing fast math functions, and

RN
unwinding for-loops.
namespace ActivateFunction {

// rectified linear unit
__device__ inline float relu(const float x) {

namespace DownstreamGhostKiller { peturn x > B ? x ¢ B; // First layer A [
} DownstreamHelpers::unwind<@, Model::num_node>([&](int i) {
_ _ DownstreamHelpers: :unwind<®, Model::num_input>([&](int j) {
namespace MOGEL_{ // sigmoid o hi[i] += input[j] * Model::weights1[i][]];
constexpr unsigned num_node = 14; __device__ inline float sigmoid(const float x) { 1;
constexpr unsigned num_input = 8; \} return __fdividef(1.0f, 1.0f + __expf(-x)); h1[i] = ActivateFunction::relu(hl[i] + Model::bias1[i]);
ki

} // namespace ActivateFunction
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Algorithm design: ghost killer neural network

Ghost rejection vs number of nodes

in the hidden layer
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Throughput: of HLT1 sequences on RTA A5000 [KHZ]

HLT1 sequence for long and downstream tracking reconstruction:

226.65 kHz Matching(Without UT)

202.56 kHz Matching(Without UT) + UT decoding

171.84 kHz Matching(Without UT) + UT decoding + Downstream

122.01 kHz Matching(Without UT) + Rest HLT1

107.08 kHz Matching(Without UT) + Rest HLT1 + UT decoding + Downstream

86.72 kHz Matching(Without UT) + Forward(With UT)+ Rest HLT1

LHCb
Simulation

82.93 kHz Matching(Without UT) + Forward(With UT)+ Rest HLT1 + Downstream

I T T T T T T T
0 50 100 150 200 250 300 350 400

Throughput in "NVIDIA RTX A5000" (kHz)

LHCb-FIGURE-2023-028
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Efficiency LHCb-FIGURE-2023-028
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Ghost rates LHCb-FIGURE-2023-028

Ghost rates after NN rejection
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Momentum resolution

Momentum resolution: below 6% !

5 [ T T T T I T T I T T T T I T T T T l T T T T I-

2 o- A, - Ay LHCb Simulation—

8 - -

E | HLT1 Downstream Distribution ]

E 0.08— —&— Momentum resolution -

£ L m

(=}

s - i
0.06— —
0.04— —_——
0.02— —

L L i gesiliicq o AR
0 10000 20000 30000 40000 50000
P (MeV)

Momentum resolution

LHCb-FIGURE-2023-028

—r — — T
01— B’ - J/p K° LHCb Simulation—
[ HLT1 Downstream Distribution ]
0.08 }— ~—&— Momentum resolution -
0.06— —
B |
0.04}— — o

—_—

B A
0.02}— —
oL i Sy T ol L 1]

0 10000 20000 30000 40000 50000
P (MeV)

22



Selection lines using Downstream at HLT1 (Run3 conditions)

Events / ( 2.56 MeV )
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Selection lines output (after vertexing two downstream tracks):
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Summary

Channel DD/LL proportion Interest
e First implementation of Downstream track b-hadron decays
A)— Ay 3.4 7 polarization, BR
reconstruction at HLT1! Sr— 5y 25 ~ polarization, BR
27— 2 13 v polariation, BR
° : A
Very good throughput on A5000 B* - KK 2.8 CPV, BR
Sequence with (without) Downstream 87 (83) KHz Bt 5 KgKgK* 2.7 CPV, BR
BY —>1\';.'1\'_2 3.6 CPV, BR
e Physics efficiency around 75% and independent of the | charm physics
physics Channel. Act = AK? 4.4 Polarization studies
=S == 8.4 Polarization studies
e First implementation of a NN at HLT1 for D - K¢KY 1.8 CPV
. . . J/p— AA 4.8 Polarization studies, BR
ghost killer: used for selection line development. R SR
. . K9 — it 0.6 BR
e Expected huge impact on physics! s :
Ke— ptpptp 0.8 BR
KQ— yputpu~ 0.8 BR
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Thank you!
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