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INTRODUCTION

LHCb High-level trigger system




HIGH-LEVEL TRIGGER SYSTEM

® | HC provides 40 million pp collisions per second (approx 5 TB/s of data)
e We're unable to save all the data from an economic point of view
e One needs to “select” only interesting events - done with high-level trigger system
e HLT1& HLT2 - software triggers, able to reduce data flow down to 10GB/s
LHCB DATA FLOW SCHEME
5TB/s
l 30 MHz non-empty pp ‘ To Storage
FULL PARTIAL DETECTOR o;::z's - FULL DETECTOR
DETECTOR “aseiecrons | = —> | “seiecrons | >
(GPU HLT1) 70-200 (CPU HLT2) GB/s

GB/s

All numbers related to the dataflow are
taken from the LHCb




LONG-LIVED PARTICLES

e Large fraction decays outside of VELO:
For Ab—Ay channel, the distribution of A decay

vertices z leads to:
® 51% - daughter hits UT & SciFi
(downstream tracks)
® 37% - daughter hits SciFi only (t-tracks)
e To reconstruct most of the A (as well as other LLPs),
one needs downstream & t-track reconstruction and
vertexing algorithms
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GLOBAL ORJECTIVE

Create an effective selection with TT at HLT1

WHAT'S THE PROBLEM?

A complex magnet field doesn't allow simple
polynomial T-track extrapolation
Significant frack momentum errors

ANY EXISTING SOLUTIONS?

HLT2 uses RK for track extrapolation, which is
completely unfeasible for HLT1
(timing constraint)

02

E 04

>

R 0.6
0.8
1.0
20

ﬁqflTITITITT_rrTﬁTjW T

S
)
.

VELO -

Upstream track
4

/

-

7
Long track T track

——— —
—555\
~
~
~
~

T1 T2 T3



02

T-TRACK EXTRAPOLATION MODEL

And why it's so tricky




T-TRACK EXTRAPOLATION MODEL

T-Track tfracking model may be written as: Obviously, f should satisfy:
{x(z) =Xy + tx(z —z9) + f(?) f(g =0)=0
p
(@) =Yy + ty(z — 2p) flz=29)=0
SciFi
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T-TRACK MODEL WITH CONSTRAINTS

T-Track tfracking model may be written as: Obviously, f should satisfy:
{x(z) =Xy + tx(z —z9) + f(?) f(% =0)=0
(@) =Yy + ty(z — 2p) flz=29)=0

The unknown function f may be redefined as:

q
S =—=(z—z9)g(M) 4y
p what s &(Z: p
g and its derivative may be found from MC data:
q
Xoy =~ Xsf — t'xsf(zov o Zsf) dg Xoy — txsf a ;g
;(Zov - Zsf) dz ;(Zov - Zsf)




T-TRACK MODEL FOR TRUE PAIRED ONLY

- 'LHCb simulation
Bs— ¢¢
True paired only

LHCb preliminary
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Fitted with mirrored sigmoid:

B a
T T 1 o

lim g(z) =0 lim g(z) =a
z—+o00 7——00 Constant S\C)peet

pefore mag”

Still, some deviations exist, try
correction

g =28 gqop(g) - 2, (%)

Should be near 1
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T-TRACK MODEL GLOBAL FIT

The fitting procedure was repeated, but this

- 50—
E o time over all variables at once:
2 O__L}iég‘sﬁi}"rhv a d(xg—e) 1 ,—d(xg+e)N( Jk(gop—1) 4 ,—k(gop+])
ALl oty 8= Ty T T
_50-1 o "'lﬂ.-’l'l T
F Ol T T RETTTTY Bias was estimated using true sf variables
2 | i ]
R 0oL s | ——  Final track model:
I ] @ =x+xz—20) + Lz — 208
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MODEL APPLICATIONS

We have a model. What's now?




BETTER SLOPES WITH THE MODEL

T-Track tracking model allows better slope computation:

q q q 8 q
t'x(Zov) = txsf + ;g(zova xsf’ ;) + ;(ZOV - Zsf)d_z(zo\n xsf’ ;)

No TL.()\‘

I Linear (y only) |
[ NN _

I LHCDb preliminary
80

Entries

Numerical DOCA(z,,) minimization fails because of bad SciFi
gop accuracy

Poca z may be estimated from two-layer NN with inputs:

A B A B I
o y - y [ ) t.x - IX F simulation
sf sf sf sf i I;I_C)bw Jati
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MAY WE USE IT FOR SELECTION?

Unlikely

The track model allows better
DOCA computation, but otherwise, it
doesn’t add any new variables

With existing ones, there is no way
to make an effective selection, af least
with NN classification

However, the track model allows vertex
fit - an effective tool in ghost reduction
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MATHEMATICS OF FITTING - PART |

Generally, there are 9 unknown parameters for a two-track vertex:

= A A A B B B
pP= (xov’ Yovs Zovs IXoys LY 01s OP ™5 1X5 LY, QOD ) o ~otimation of 40P
L 11 1L 1 \mp\,o\,e SC\F\ es
Vertex Track A Track B
s SciFi
X arameter
4 /g\\\ﬂ}ef?ned at vertex
P
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MATHEMATICS OF FITTING - PART 2

Using the parameter vector p one may construct the vector of 10 predicted observables:
Sy A A A LA A B . B B , B B
0(p) - (xsf’ t-xsf’ ysfa tysfs q0psf9 xsf’ txsfv ysfv tysfs qOPSf)

SciFi track A SciFi track B ObserVObleS are
Prediction o measured (77) with SciFi
Servables SciFi
X
4 Extrapolation model n
for propagat\oi (2)) .
(Assumed g =8\ o(p)
The 2 may be constructed as:
it 2 o — -1 >, > —\T
P x~=((p)—m)-cov™ - (o(p) —m)




COVARIANCE MATRIX CONSTRUCTION

Elements of the covariance matrix were estimated by definition:
—_ true true
covyy = (x; = x;"")(x; — x;")
.. and mapped versus some convenient reconstructible variable (e.g. covyy = covyy(xy) )
were zeroed because of extremely small values (10719 — 10712, and others because of

independence in x and y axis, and assumption that gop is independent from y
The resulting covariance matrix:

(c0O0 0 0 0 c40) ¥
Y
[
\

0 ¢l O 31 O |v _[covA 0
covA=| 0 0 ¢22 0 O X COV_( 0 covB)
0 31 0 ¢33 0 | Ty
c40 0 [0 0 c44) cop
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MATHEMATICS OF FITTING - PART 3

The minimization with Newton-Raphson method:
Bl = 5 — H71V 2
where:
Vi? =2 Vd; - covjz1 - dy)
H; =2(V,d- covy,' - V;d)+2(V;V,d- cov,' - d))

0 )
Vi=— ns out, that fit '
and SOV~

Here the summation over the same indexes is assumed

To simplify equations, g in the extrapolation model is assumed to be g = g(z,,)
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SIMPLER FIT

Will it be accurate?




HOW TO MAKE FIT FASTER & SIMPLER

The simplest way to improve stability is to reduce the number of parameters:

47
Do we need Y% i

= __ A A A B B B
P = Kov Yo Zovy IXo1 101, GOD” 1X g5 1Y, OP”)
Vertex Track A Track B
ing 7. We remove
By removing w)\m equations

non-linearity fro

This leads to the following parameter vector:

= A A . B B
P = (X, 1x,,,qop”, tx,,,qop"~)
Track A Track B




FASTER FITTING RESULTS

(13 TeV) (13 TeV)
L et L L L B B B
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21




Entries

120

100

80

60

20

Simplified fit (Python) (13 TeV)
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https://gitlab.cern.ch/lhcb/Rec/-/merge_requests/3359

THANKS FOR YOUR ATTENTION!

WHATS NEXT?

« Implementation & benchmarking in Allen

« Additional studies in order to simplify
and/or improve fitting

« Development of selection lines

23






T-TRACK EXTRAPOLATION MODEL

i oo L LN R . ore
* 0L [Heb simulation | ; o Spikes at specific z, that
C B>
500 f True Aatched only E correspond to detector parts
-1000 - : W - Material interaction effect?
C " . goes far 2 LHCb preliminary ]
_1500 T | 1 1 | 1 1 1 | 1 1 1 | ] .
0 2000 4000 6000 8000 What if use only true T-Tracks,
T . .
'%J oal paired with any other T-Track by
= common mother id condition?
02 1
0.0 8000
z (mm)
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CORRECTIONS FOR T-TRACK MODEL

S 150 3

g =28 gW(%) 8, (xp)

Corrections may be found in a sequential way:

0,005— Tr ¢ paired onl

-0.25 — LHCb preliminary g g

8:(Zoy)

E —_—
-0.0004 -0.0002 0.0000 0.0002 0.0004 gqop - g Xq

True g/p (MeV1)

JEXCIEINCS

150 F N

8x0

125F

1.00 F

Both functions fitted with:
— a(eb(x—c) + e—b(x+c))
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MASS RESOLUTION WITH BETTER SLOPE
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FITTING RESULTS
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