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1. Motivation
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Discoveries anticipated at ¢ "¢~ colliders

 Mechanism of electroweak symmetry breaking

 Fermion mass is closely related to this mechanism and the are theories which
requires modification in fermion couplings.

* ILC can play a central role for the indirect searches of the new particle beyond the
Standard Model predictions to distinguish them from the various other theories.

How is it done?

» Electroweak coupling between fermion pair and Z'/y boson

Key observables: eTe™ — ff Cross section (fo )
Forward-backward Asymmetry (Azg)
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Electroweak Couplings and Physical Observables

» Cross sectionofe’'e¢ — ff process when polarization of beams are defined as (P,-, P,+)

1
Gtot(Pe—’ Pe+) — (1 o Pe‘P€+) . Z {(1 B Peff)GLR T (1 T Peff)GRL}

Pe_ - P€+ " dgl] . . .
— , 0} = (cos @) dcos@. (with I,j = L,R)
1—-P, P, ) dcos@

where P,

e Differential cross section

f
do;;
(cos ) = 2.(1 + cos 0)* + Zl-j(l — cos 0)? 70 [y
dcos 6 Ry
I |
where 2.;; & (gg, &) ..

Polarization of the beam is the key! +
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Electroweak Couplings and Physical Observables

 Forward-backward asymmetry

App = s Backward | Forward
4B, +B,
where

~_ forward ~ backward
or(cos 8, > 0) — oz(cos 6, < 0)

Arp =
o or(cos 0, > 0) + op(cos 6, < 0)
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PrOdUCtiOn Of € Ie — bb, S Process Cross sections at 250 GeV (L.O.)

* Previous study suggested that electroweak coupling to
the heavy fermion pairs (¢, bb, cc) at \/E = 250, 500
GeV running scenario can be measured to precision

about 0.5% for top quark and even more precise for
other pairs.

 Extend these work to lighter quarks (uii, dd, s53) at Expected integrated luminosity of 2 ab~! at 250 GeV.
\/E = 250 GeV scenario, to consolidate the results from

the heavy quarks. The analysis requires the highest
precision in z/K/p separation.

* The attempt was also made in SLD experiment at the Z-
pole. (ref. arXiv:hep-ex/0006019)

» As a first step, re-examination of toolkits for bb was
necessary to move on to the ss study
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Topologies of fermion pair production

* Charge identification of jet is crucial for the forward-
backward measurement for bb and ss.

* bb can use sum of charges associated to the
secondary vertex (vertex charge) to identify charge. In
order to avoid migration from wrong identification, as
well as increasing efficiency, the identification can also
be done using kaon charge information.

* One can identify those kaons by using dEdx
information by identify the phase-space region
dominated by kaon. Main source of backgrounds can
come from pion, proton and electrons which shares
the same region.
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Time Projection Chamber (TPC)

» Central tracking detector in the ILD

* Charged particle inside the TPC would ionize the
gas and creates a thread of electrons which would

drift to the TPC endplate. :
\
* Figure shows the recorded tracks using six
micromegas modules equipped with 220 pad
FOWS.
Parameter R
Geometrical parameters fin rout ‘ ) ) \
- 320 mm 1808 mm = 2350 mm
Solid angle coverage up to cos ~ 0.98 (10 pad rows)
TPC material budget ~ 0.05 Xy including outer fieldcage in r Advanced Endplate
< 0.2H Xy for readout endcaps in z Central Electrode
Number of pads/timebuckets ~ 1-2 x 10°/1000 per endcap
Pad pitch/ no.padrows ~ 1x 6 mm? for 220 padrows
Opoint IN T ~ 60 um for zero drift, < 100 pum overall
O point in rz ~04—-14 mm (fOI’ zero — full drift) F|e|d strips
2-hit resolution in r¢ ~ 2 mm
2-hit resolution in rz ~ i mm . _ e
et ~ 5 % Voltage Divider Strip

Momentum resolution at B=3.5 T &(1/p:) ~ 107*/GeV/c (TPC only)

credit: ILC TDR Vol.4 Detectors
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dEdx Measurement

 TPC can also reconstruct and identify particle
species using energy loss (dE/dx)

[MeV]

dE
dx

« dEdx vs track momentum can be approximated 0.26
the Bethe-Bloch formula, which is unique to
different particles. 0.24

HEECE
® 2 T X

L,

— x —In(afy") p=mypyc

dx  p? 0.2

.
»
.........
..

0.18
 Kaons’ dEdx distribution overlaps with the ones

for pion and proton which becomes our primary iy SRR
background. RPIMNGE- ST R

........

0.16

lllllllllllllllllllllllllllllll

* Scanning through each phase-space in this
distribution gives us the region which is
dominated by the kaons with certain efficiency 0.1 |

and purlty 10” 1 10 D [Ge\}PZ

0.12—

P I N .
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Number of hits and dEdx resolution

 The dEdx resolution is dependent on the number
of hits. This comes from the fact that there is a
potential double-hits due to overlapping tracks.

 Number of TPC readout pad rows available for
the ILD is 220 pad rows — o, = 4.4 %

W
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# hits In track

-

ref: arXiv:2006.08562v2

Test Production 2 — Additional Dependencies

Fatamve OF O C00m0n Fver (Ui o N0 with (s | OV avd Mol - 200G MY Dors Wore M oo

x e NormNHitPions
o u Entnies 39017 20
% 18” Mean x 168.3
¢ Moany 09843
5y _.|SdDevx 6908 DO
= - Std Devy 0.05988
1.4}
* Dependence of dE/dx-resolution
s on number of hits clearly visible.
08
06; H .
: * Expected behaviour:
04
2k g ~ N-0.47
o bl L Lo L Lo Lol e Lol il 0
20 40 60 80 100 120 140 160 180 200 220
number of hits
dE/dx resolution for pions over number of hits from fit result
§ O%F Enirios 110
g ”‘E 1 HH Moan 66.28
; Sid Do 653
g 0.a6f+4
W :
14: *
: "
1204
O!E I
008E | b-‘Jl“ \
E g }
bad 33| | .
: rf it tafl g
0.04 )+
o2+
' 20 40 60 80 % 520 140 8 180 200 2
num Dear of hit

5
9.
Uli Einhaus | ILD Software and Analysis Meeting | 29.07.2020 | Page 7 I\QE‘S;

ref: U. Einhaus, ILD meeting 2020/07/29
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TPC hits in kaon analysis

identification heavily relies on
dentify kaons, which

the

Ined since
lable are used to

» After the kaon selection, number of hits to the TPC pads was exam

Indicates

)

IS aval

dEdx information. One can observe almost all pads that

one do not need to worry about double hits.
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Number of hits associated to a kaon. One can see that the

number of hits, which defines dEdx resolut

Ized at

IoN, IS Maximize

Number of hits of all PFOs reconstructed.

any polar angle region. (~87.7% above red line)
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Kaons identification

8.0

Er 2 0.84
o - - — = 0.
UJET‘XO 26: DO_ ] .+ . 7T/'K, IDR-S 0 82
oemE S *  K/p, IDR-L |
0.24F- 00\ : K';p’ DRSS
: Ssol \\V (P 9 | 0.80
0.22 o .
- W
0.2 4.0r - 0.78
018: 3 Stase
. — - : &) -
- 30 R O 0.76
0.16[—
. 2.0; 4 -
0.14F \ 0.74
- e | 1.0Fe ¢ \ |
012 __ v . .-.‘zi;;a",lf- . [/ 0 72
N ‘3 %'iu '5-"'.':; o 1 1 1 L1 | . : : : : :
0:'10_1 '1"""""';|0 ""'“32 0.0 1 9 4 6 8 10 20 SHENE RS ENEEE EREEE NS NN
p[Ge\}j Momentum (GeV) 04 0.5 0.6 0.7 0.8 0.9 Ef

» [eft plot shows the dEdx vs momentum distribution. Coloring is done based on MC relation PDG number
for the sake of examining the region dominated by kaon. Identification of kaon is done by selecting the PFO
In the region inside green line.

» Center plot shows the separation power of dE/dx. (ref: arXiv:2003.01116v1)

* Right plot shows purity vs efficiency of kaon selection.
12
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Kaons identification

* Middle and right plot shows the kaon multiplicities in a single event and jet.

Number of Kaons in a event Number of Kaons in a |et
x1032 x10°
» 200F= @ -
& - & 600/
G 1o i | b-jet
- = Gen -
140f— -
120 4001~
100}— -
= 300}
80— -
60| 200[—
40— -
- 100_—
20— -
():llllllllllllllli i FENE FERE AR 0_111|111|1111‘]-&-1_1_11'111'111'111'111'111
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

nKaons nKaons/Jet
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5. Towards ss Analysis

Leading Kaons in a Jet

* |eading kaons: A particle with the highest momentum in a jet, that is identified to be a kaon

* Leading kaons can be used to identify s-jets in eTe™ — 5.

- Heavy flavors bb + c¢ can be separated using B/D vertex measurements.

- Light flavors uit + dd can be suppressed using leading pion as an identifier.

INTERNATIONAL WoRKSHOP ON FuTURE LineAR CoLLIDERS

- The experiment was conducted in SLD with estimated K* selection efficiency (purity) of 48% (91.5%) for
p > 9 GeV. (ref: arXiv:hep-ex/0006019)

For bb sample
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Leading Kaons in a Jet

 Most of the leading kaons are boosted into forward region of the detector.

* One needs to take extra care with these kaon as the available number of pad layers will be reduced.

Entries/bin

0.014

0.012

0.01

0.008

0.006

cosO for all momenta

— All Kaons

— Leading Kaon

f
- !
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lcosol
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Leading Kaons in a Jet
 Most of the leading kaons are boosted into forward region of the detector.

* One needs to take extra care with these kaon as the available number of pad layers will be reduced.

coso for 2 < P, < 10 GeV

coso for 10 < P, < 30 GeV coso for P, > 30 GeV
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0.0061 ! liud | 0.011
i | II"“ [t - '
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0.004— 0.008 IIHMFI“"I I" |[_"""N“"IIII“H " Il 0.01 :_
B — 0009 L ||
- I ] ihedk
0.002_ 0.006— 0.008 F! Il ||“ l“" | "ﬂ
- - il i i il |||
i B iijp
O|||||||||||||||||||||||||||||||||||||||||||||||| — | | | | | | | | | | 0'007— | | | | | | | | | -
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« Gathering tools for kaon identification towards e*e™ — s5 studies.
* |Leading K with high momentum needs to be used to achieve high purity.
* The separation of K* and z* becomes the prominent analysis.

« Heavy flavors quarks (bb + c¢) can be rejected using vertex information.

 Separation of s§ from light flavor quarks (uii + dd):
1) Choose leading K with high momentum.

2) From the opposite jet charge measurements

17



