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Motivation
> So far, tracks are fitted using Pandora PFA with pion mass
> Potential improvement of track re-fitting with true mass:
> better momentum reconstruction for low momentum particles
> correct consideration of mass of charged PFOs when calcualting E from ¢
> improved vertexing = improved flavourtag
> Single particle samples: (ILCSoft v02-00-02)
single K+ and p*: 10k samples per p per 6
p=1,3,5,10,15,25,50 & 100 GeV
0=15°, 25°,..., 85°
> comparison based on track parameters (do, zo and pr) resolution and bias
» New production samples:

new software version: ILCSoft v02-01 ; MarlinTrkTracksKaon & MarlinTrkTracksProton
single Kt and p*: each 100k samples (distributed p and 6)
> validation: E/p distributions, do, zo and pr resolution/bias
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Momentum spectrum of Kaons/protons

new production samples, generator level

» Momentum dist. of Kaons » Momentum dist. of Protons
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> most of particles in low momentum region

> in low momentum region: higher impact of mass in Energy calculation from momentum (E = y/m? + p?)
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Track parameters definition in linear colliders

> For vertexing and flavour tagging, track parameters are important:
> dp and zq for finding 2”‘1/3” vertices

> Q, ¢o and tan A for momentum reconstruction
(at P [pr| =<2, p, = |pr|cosdo, py = |pr|sindo, p= = |pr|tan i)

= Energy of charged particles (E = \/m? + |p]?)

> So far: tracks are fitted using pion mass (default in PandoraPFA)

> Now: Refitting tracks with true mass of charged particle
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Pull distribution
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d, Pull
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angular dependency of d; pull
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> refitting with true mass = improved impact parameter resolution for m > m, (Kaons & protons)

> better vertex finding performance (is expected)
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angular dependency of z, pull
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> refitting with true mass = improved impact parameter resolution for m > m, (Kaons & protons)

> better vertex finding performance (is expected)
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angular dependency of 2 pull
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> refitting with true mass = improved momentum reconstruction for p and K (expected)

> higher importance to refit low momentum tracks with true mass in barrel!
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Tracking refitting: bias improvement

single protons: p =1 GeV , 0§ = 85°
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Tracking refitting: bias improvement (cntd)
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Tracking refitting: bias improvement (cntd)

new production samples: 0.1 -

> Track refitting with
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Momentum resolution, o 1
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> refitting with true mass = same momentum resolution
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Transverse momentum bias, 1 1
pT
single Kaon/proton: p =1 GeV , 6 = 15, 25, ..., 85°
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P cut on new production samples:

> Kaons: 0.1 < p <15 GeV, 0 > 80°
> Protons: 0.1 < p <1.5GeV, 6 > 80°
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> reduced pr bias = more accurate p/E Reco.
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Impact parameter bias, /4,

single Kaon/proton: p =1 GeV , 0 = 15, 25, ..., 85°
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> reduced dy bias = more accurate vertexing
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Impact parameter bias, p

20

single Kaons/protons: p =1 GeV , 0 = 15, 25, ..., 85°
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> cut on new production samples: 6 [deg]

> Kaons: 0.1 < p <15 GeV, 6 > 80°
» Protons: 0.1 < p < 1.5 GeV, 6 > 80°
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> refitting with true mass = reduced zo bias
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Momentum reconstruction in new production samples
using refitted trackes with true mass

Kaon (p < 2 GeV)
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» Improved momentum reconstruction with refitted tracks:

Proton (p < 2 GeV)

> oldPFO: reconstructed particle with original track(s) (MarlinTrkTracks)

> newPFO: reconstructed particle with refitted track(s) (MarlinTrkTracksKaon/Proton)
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Energy reconstruction in new production samples

using refitted trackes with true mass

Kaon (p < 2 GeV) Proton (p < 2 GeV)
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> Improved Energy reconstruction: improved momentum + taking correct mass of particle:

> oldPFO: reconstructed particle with original track(s) (MarlinTrkTracks), mpro = mx
> newPFO: reconstructed particle with refitted track(s) (MarlinTrkTracksKaon/Proton), mpro = my /mp
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Conclusion

» Low momentum charged particles are required to be refitted
= more correct estimate of the track parameters

= more correct estimate of the momentum and the impact parameters
> New production samples (standard reconstruction):

> refit all tracks with proton mass — MarlinTrkTracksProton v

> refit all tracks with Kaon mass — MarlinTrkTracksKaon v

> Drastic improvements:

> reduced pl bias by a factor of 2 - 3
> reduced dpzp bias by a factor of 2 - 10

> Further expected improvements:

> improved vertexing flavour tagging
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BACKUP

DESY. | Validation of track refitting on testsamples | Yasser Radkhorrami | April 8, 2020 | Page 1/27



|
Vertex of charged particles (¢ and p)

eTe” — bb, /s =40 @ 91 & 200 @ 350 @ 500 GeV

Protons vertex in = — y plane (2P = /x2 + 42).

P VXT: rip = 16 mm , routs = 60 mm , Zmaz = 125 mm

> SIT: 7in = 153 mm , Tout = 303 mm , Zmaz = 644 mm
P TPC: rin =329 mm , rour = 1770 mm , Zmaz = 2350 mm
> SET: rin = 1773 mm |, Touwt = 1776 mm , Zmaz = 2300 mm
> Protons vertex
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Momentum spectrum of charged particles (generator level)

€

TeT — bb, /s =40 @ 91 200 & 350 & 500 GeV, 10k events per energy point
» Momentum dist. of Kaons » Momentum dist. of Protons
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> Charged particles are mostly in low pprt[agion, where impact of the mass on the energy is high

(£ = \/m?+7?)
= Focus on low momentum region
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dy pull
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do-pull interpretation
» mean and width:

do of protons and Kaons are better found with true mass.

p's don't need to refit with true mass (m, = mx).

do of electrons with m are still a bit better than true mass m.
> bias:

(). Positive charged particles: (do = P° — P")
g>0=Q>0;d pull biased to left = d5*° — d}'® < 0

a. P" inside the arc: b. P" outside the arc:
sgn(do)=sgn(2) = do >0 sgn(do)=-sgn(Q) = do < 0
dire < diie = 1] < d}| dyre < i1 = |diee| > |dp©|
pr
Blue: REC
Red: MC P
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do-pull interpretation
(I1). Negative charged particles: (dy = P° — P")

g<0=0<0;do pull biased to right = d5* — d}'¢ >0

a. P" inside the arc: b. P" outside the arc:
sgn(do)=sgn(Q) = do <0 sgn(do)=-sgn(Q2) = do >0
dy* > dy' = |dg| < |dg" | dy* > dy' = dg| > [dg" |

PC

Blue: REC
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Q pull
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Q-pull interpretation
» mean and width:

track refitting improves momentum calculation for K and p(m,, mx > mz).
py is not affected by refitting (m, = my).
electrons are special case; tracks fitted with m, are still better.

> bias:

(1). Positive charged particles: (I1). Negative charged particles:
¢>0=0Q(=1)>0 ¢<0=Q(=1)<o0
papun > 0= Q¢ — QMC > 0 papun < 0= Q¢ —QMC <
Qree > QMC’ = |Qrec| > |QMC| Qree < QMC = |Qrec| > |QMC|
= pree < pMe = pree < pMe

Blue: REC

Red: MC
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angular dependency of d; pull
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> refitting with true mass improves impact factor resolution m > m
> using true mass, do reconstruction is improved in (especially in forward region).
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angular dependency of d; pull
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> refitting with true mass improves impact factor resolution m > m

> using true mass, do reconstruction is improved in (especially in forward region).
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|
angular dependency of 2 pull
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> refitting with true mass improves momentum reconstruction for m > m

> barrel has higher importance to refit low momentum tracks with true mass!
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|
angular dependency of 2 pull
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> refitting with true mass improves momentum reconstruction for m > m
> barrel has higher importance to refit low momentum tracks with true mass!
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angular dependency of ¢ pull
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> refitting with true mass hes better results for heavy particles especially in low momentums (m > m-)
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angular dependency of ¢ pull
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> refitting with true mass hes better results for heavy particles especially in low momentums (m > m-)
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angular dependency of tan\ pull
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> refitting with true mass hes better results for heavy particles especially in low momentums (m > m-)
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angular dependency of tan\ pull

b i ? T T T T Sanapanpeicev] © 13 FT T T " o(tan Apull); p=3GeV ]
16" mm) o (m - ' ' ]
L m [ ]
L 1.2 .
14 - ]
i 1.1 ]
1.2 _—f 1:_ _:
- 0.9F ]
0.8- N 1 N N |””|””| N |7 1 7:”’:”’: 1 N 0.8: N 1 N N N 1 N N N 1 N N N 1 :
20 40 60 80 20 40 60 80
0 [deg] 0 [deg]

> refitting with true mass hes better results for heavy particles especially in low momentums (m > m-)
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angular dependency of z, pull
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> refitting with true mass hes better results for heavy particles especially in low momentums (m > m-)
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angular dependency of z, pull
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> refitting with true mass hes better results for heavy particles especially in low momentums (m > m-)
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Tracking refitting: bias improvement

single Kaons: p =1 GeV , § = 85° 7)) T T T T T T T T T T T T T T T T T
~ - hist_pT_true_mass hist_pT_pion_mass
(®] I~ Entries 9888 Entries 9888
(U B Mean -0.00087126 + 0.0004347 Mean —0.00063658 + 7.5441e-05 T
: 800 I Std Dev 0.043198 + 0.00030738 Std Dev  0.0074523 + 5.3345e-05 .
:.:.: : Underflow 0 Underflow 0 :
.. . | Overflow 13 Overflow 2|
> Track refitting with 600 | * 1328116 . i
true mass (barre| ) . | constant 823+133 Constant 8168+132 |
- Mean -0.00027 + 0.00002 Mean -0.0007594 + 0.0000159 ]
- Sigma 0.0014 + 0.0000 Sigma 0.00141+0.00002
same resolution 400 —
drastically reduced bias 200 B ]
More accurate p with | "J ]
0 1 1 1 A 1 L 1 1 1

refitted tracks VI R L
-0.05 0 0.05
(PE=-pY(PTO) [GeV]
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Tracking refitting: bias improvement (cntd)

single Kaons: p =1 GeV , § = 25°

> Track refitting with

true mass(forward):

same resolution

drastically reduced bias

larger error compared

with barrel

v 250

200

# track

150

100
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LU B B N B B B B

T
hist_pT_true_mass

Entries 8052
Mean -0.0053913 + 0.001559
Std Dev 0.13987 +0.0011024
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Mean —0.007298 + 0.000327
Sigma 0.0215 +0.0004
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2

| L LI L

hist_pT_pion_mass

Entries 8052
Mean -0.0088388 + 0.00050088
Std Dev 0.044409 + 0.00035418

Underflow 0
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X2/ ndf 1057 /114
Constant 145+3.6
Mean -0.007942 + 0.000301
Sigma 0.02043 + 0.00044

v by by b by I

-0.2 -0.1 0 01 0.2
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Tracking refitting: bias improvement (cntd)

100

0.1<p <15GeV; 6 >80°
@ my o mg

reduced bias

larger error compared
with fixed p/0

new production samples: 0.1 < p < = 1.5 GeV , > 80°
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Impact parameter resolution, o,

oay: (dEEC — d3C) width
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> refitting with true mass = same Impact Parameter resolution
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Impact parameter resolution, o
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> refitting with true mass = same Impact Parameter resolution
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Impact parameter bias, /4,

single Kaons/protons: p = 1 GeV , § = 25°

%) — T — %) ——T T ——T
V4 hist_d0_true_mass hist_d0_pion_mass V4 hist_d0_true_mass hist_d0_pion_mass
O _ 052 e w0 | O 250 - = o760 P 9760
@ 300 [ e ootomss-0007e002 Wean 00022542 £ 00035455 | @© Wean  -0025864 £ 00030514 Mean 0032335 + 00053972
S - 4 S
— Std Dev: 0.57057 + 0.0053741 Std Dev 0.25537 + 0.0025094 — Std Dev 0.69279 + 0.0062589 I Std Dev 0.39983 + 0.003774
:tt [ underflow 1266 Underflow 1217 =t|: 2 0 O Underflow 2116 I Underflow 2067
o Overflow 1150 Overflow 1088 Overflow 1518 Overflow 1420
- x*/ndf 300.7 /68 X2/ ndf 2823/66 - X2 1 ndf 455.2/83 X2/ ndf 4238/79
200 | consant 2066463 Constant 3068464 —] 150 Constant 212148 Constant 2204450
o Mean -0.001315 + 0.000689 Mean -0.001748 + 0.000678 =1 Mean 0.0005314 + 0.0009226 Mean -0.0028 + 0.0009
- Sigma 0.04399 + 0.00063 Sigma 0.04406 + 0.00062 Sigma 0.0556 + 0.0009 Sigma 0.05685 + 0.00091

100

ol -y

O L . g i - i
-1 -0.5 0 0.5 1 -1 -0.5 0

REC MC
> cut on new production sampleq(.’ dO [mm]

> Kaons: 0.1 < p <15 GeV, § > 80° > reduced dop bias = more accurate vertexing
» Protons: 0.1 < p < 1.5 GeV, 6 > 80°
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Impact parameter bias, /4,

single Kaons/protons: p = 1 GeV , § = 25°

Kaons: Protons:
n A B S L B B L | n — — T T T T T T
V4 hist_d0_true_mass hist_d0 V4 )_true_mass hist_d0_pion_mass
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Impact parameter bias, p

single Kaons/protons: p = 1 GeV , 0 = 45°

20

Kaons: Protons:
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Energy residuals in new production samples

using refitted trackes with true mass

Kaon (p < 2 GeV) Proton (p < 2 GeV)
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> Improved Energy reconstruction: improved momentum -+ taking correct mass of particle:
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