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Introduction



Di-fermion Production

e Di-fermion production

o ete-->ss Z°ly
o CME 250 GeV.
o eLpR
o Int. Lumi. 4300 fb-1 e f
e Differential Cross Section
o  Couplings can be extracted from helicity amplitudes Energy Process Goal of measurements
included within the Differential Cross section 91GeV efe” — Z° Z° physics and calibration
do 250GeV efe” — Z°H  Higgs couplings
dcosf S(1+ cos*6) + Acos§ [e*e‘ - ff Z°/~ couplings ]
350GeV ete” — it top mass precision

+ . —_ . .
o  Extracted via forward-backward asymmetry. (AFB) ehe” —apll  Higgs coupings

500GeV ete” — tt top couplings
A N P N B ete™ = ttH Higgs-top coupling
FB = %7 |, nr_
N Ft N B ete” — Z°HH Higgs self coupling

1000GeV ete” — vvHH Higgs self coupling 3




SSbar Analysis



SSbar Process

eTe” — s5
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SSbar Process
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SSbar Process
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SSbar Process
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Backward Forward
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SSbar Process

[ Y N

Backward Forward

K+

PID is the key !




Event Selection



Reconstruction Steps

LPEO Selection Gen Signal Selection

e SSbar back-to-back

Charge Check
0.95 < cos g3

Momentum Check e Total Energy

6 T G 120 < B 5 < 127 GeV

IP Check

dE/dx Minimum Check

SPFO Check 11



Leading PFO

Leading PFO (LPFO)

LPFO Selection

e Particle with highest momentum within a Jet.
e SSbar typically disintegrate into a pair of energetic kaons.

e We choose LPFO among charged PFOs inside a jet.

LPFO

Jet
12



Charge & Momentum

LPFO +

Charge Check

Momentum Check 20 < ppro < 60 GeV

20 < prpro < 60 GeV

LPFO - 13



210 < Nhits

N hits

XX
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Impact Parameter

Hyperon Suppression

0
IP Check A, X0 7

7 IP<0.1

PV
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dE/dx Minimum

i :KX:

p
K Bethe-Bloch formula

o

N

o
TT T[T 1T

0.22

0.2

0.18

rT T rrrrrryrrTr [ ororTd

0.16

dE/dx Minimum Check 0.12

107" 1 10 102
Track momentum [GeV] 16




dE/dx Minimum

> E \
= 0.8 N\

0.26

- dE/dx distance

2
AiB/dz

0.24

B : \ signed

0.22

0.2

0.18

0.16

0.14

dE/dx Minimum Check 0.12f

0.1t ifi SRRRRE R
107 1 10 102

Track momentum [GeV] 17




dE/dx Minimum

Using PFO_cheat | p > 5 GeV

g T S
g 0 — Stability 3 N Generated Kaons
0.9 i — Purity g N Reconstructed Kaons
(] 8 | N Correct Reco Kaons
0.8: e " i — ; 108
0.7f HL
0.6},
0.5]
0.4f 1‘1}
0.3 il e= =
0.2 =" ’_,—
- - _,_l
%1 08-06-04-02 0 02 04 06 08 1 -1 08 -06-04-02 0 02 04 06 08 1
coso coso

*Definitions of stability and purity are described here
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dE/dx Minimum

dE/dx Minimum Check

a.u.

3 10°
3510 5 r
L b= L
r — pions 1~ — pions
30— — kaons "L [ —kaons
[ — protons IJ B I — protons
r H I 0.8
25 f 4
r d L
: JE :
20 ] i ; 06
: i mp
15F fooiod L
r { i T
- VJ T’ ] o
10F 4 : L
C .,‘ rud 3 L
C 1 I p 0.2
5F : H L‘ L
Y= i, s RS DL L ol b oo AR
-10 8 6 4 2 0 2 4 6 8 0 -0 8 6 4 -2 0 2 4 6 8 0
signed [(dde-cldeexprmn)/Adde]L signed [(ddeAddeexprkm)/Adde%

dE/dx distance minimization

e k dE/dx distance < 1t dE/dx distance

e k dE/dx distance < p dE/dx distance

19



SPFO Check

Secondary PFO (SPFO) Check

SPFO Check 20



SPFO Check

Secondary PFO (SPFO) Check

e Find SPFO such that:
o  Charged Kaon
o  Charge must be opposite to LPFO Kaon
(same sign does not create confusion)

o Must have least 10 GeV momentum

e If thereis such SPFO -> veto

SPFO Check 21



Polar Angle Result



Polar Angle Result

Fit function:
» 0.04
90 _ 51+ cos?6) + Acosh E f
Toosl (1+ cos®0) + Acos ok E Gen
T —Reco
Gen: T ---- GenFit
0.03— ‘
S=107E-2+1.7E-6 L Reco Fit
A=201E-2+3.7E-6 0.025
Reco: 0_025_
S=1.08E-2 + 1.9E-5 C
A = 1.90E-2 + 4.7E-5 asE
0.01
o.oosf—

0—1 -08 -06 0402 0 02 04 06 08

cosb
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Polar Angle Result

Number of Events and Efficiencies

» 0.04
I ;
e All data ee—qq processed G goagf. EEGen ;
T —Reco
o  26M events (ss: ISR removed) C .e-- GenFit
0.03
o  Luminosity 4.6 ab-1 - ---- Reco Fit
) 0.025
e SSbar reconstruction -
o  Total valid events: 168k events 0.02:—
o  Efficiency: 0.64% 0.015 -
0.01
0.005
0 R SRR i e R
8-06-04-02 0

02 04 06 08 1
cost

s
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KO0
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K % O Form reco

mass

Ve N
[
IDSPFOasPi N _ » J
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K><0

Conditions for K*0 identification:

K-
: ; SPFO
1. Identify Particles Pt g ( )ﬂ\ .
. (LPFO) (LPFO)
a. PionasLPFO
b.  Kaonas SPFO

Case: if one of jets have KO* and the other doesn't

2. Check 2 LPFOs have same charges.
3. Check charges of Pi-K and make sure they’re opposite.
4. Momentum cut on Kaon (> 10GeV) for kinematic constraints.

5. Reconstruct invariant masses for all possible combinations of Pion and Kaons.

28



Invariant Mass

Invariant Mass Reconstruction

° Invariant mass plot on the right shows the combined mass of Leading % -
Pion and Secondary Kaons. i i
0.05 —+ A
° See clear peak at 0.8,0.9 and 1.4 GeV - T 9(1020)
B — K*,(892)°
° MC parent information shows that those pions and kaons are coming 0-04__ — K*,(1430)°
from phi(1020), K*0(892) and K*0(1430) r
° Phi mass distribution might be coming from the misidentification of 0‘03_—
pions from dE/dx information? B
o Phi decay into charged kaon pair. ™
o Checking the leading pion MC PID. 0.01 o
If it is misidentification of kaon as pion, those mass should be -
changed to kaon mass to obtain correct reconstructed phi - J
mass at 1020 MeV G—||||||||||||| | I L |'-:1
0 02 04 06 08 1 12 14 16 18 2

GeV
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Invariant Mass

Invariant Mass Reconstruction

° Invariant mass plot on the right shows the combined mass of Leading % B
. S %
Pion and Secondary Kaons. 2 - 5555 Al
L 444 K*(892)°
250— %44 K*(other)°
° See clear peak at 0.8,0.9 and 1.4 GeV B 5 K*,(1430)°
B 4o K*(892)
K 44 6(1020)
) MC parent information shows that those pions and kaons are coming 2001 7% fe(i5ze)
from phi(1020), K*0(892) and K*0(1430) C v
: MC hadron
° Phi mass distribution might be coming from the misidentification of 1501~ s
pions from dE/dx information? - ’
o Phi decay into charged kaon pair. 100
o Checking the leading pion MC PID. N
If it is misidentification of kaon as pion, those mass should be 50:_
changed to kaon mass to obtain correct reconstructed phi i
mass at 1020 MeV N

30



Invariant Mass

Full Luminosity Simulation

[2]
"E =
) (p—)KK L% 500_* % i
e Cutting invariant mass at 850 MeV I 1 N embalweRoMalicoriechd
- 77~ InvM < 850 MeV (Lead Pi mass — Kaon mass)
e Replace leading pion mass hypothesis by the 4001
kaon mass C
300
e Extreme peakat1020MeV ¢ [, o -
Vool e C
Corresponds to ¢ mass. - iy i
. Z Yeon 200
2001 % 4 p(770)°
n 7 e ’
o %’% o C
150- é?g% -
ot 100/
e g r
50E %{///4//// , = (’
" "":M LN A G A it Reney L { 17’;’ 1531 I az AN i
Tea e e e e 050 g 12 14 16 18 2
GeV
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Polar Angle Result
for K*©



Polar Angle Result (K*°)

Fit function:

= S(1 + cos® ) + Acos b

S=1.07E-2+1.7E-6
A=201E-2+3.7E-6

Reco:
S =1.08E-2 + 4.6E-5
A=153E-2+1.2E-4

Entries

0.035

0.03

0.025

0.02

0.015

0.01

0.005

Parton Level

LeadPi Reco

g

0

1

;6.8 -06 -04-02 0 02 04 06 08 1
COSSs.Pl.
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pq method



pq method

pq calculation

e Solve:
Nyee = p°N + ¢°N
acc = P +q
Nyej = 2pgN
l=ptq g
e Solution:
N+ \/N(N — 2N,.()
b= >
N F \/N<N 2Nrej)
q= 5

e Weight

O

Scale each bin in AFB plot so that we will
obtain N_acc with eq on the right.
Take average of p values over 4 different

points with polar angle value * stat errors

35



pq method (4.3 ab-1)

LPFO 20.0 < p < 60.0 GeV

S 03 s 1
. B 3
© - Reconstructed K'K matched with s-quark angle g E
B Reconstructed K'K: " a 09
0.25 - -
i PRELIMINARY
- 0.7
0.2 o=l
0.6

LI

0.15 ;
M

0.1 r 03

0.2

h

0.05 =

0.1

L I UL R LU UL EUEL L U R LT EURUR UL EURUTLELE ORI BB

| O O !

1 0 T et yma s |

R P | 11 S| S il | ) | )

1 1
% 08

o
CB_
g
55_
=
OO

1
-0. 0 02 04 06 08 1
K*K cos@

N (KxK) = 161724

0.4 05 06 0.7 0.8 0.9

1

coseKs
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Loosening Selections
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Efficiency

The Main Efficiency Killer

e TPC Hits cut

o  Restricts detector acceptance region (0.8 < [cos6|)

e Momentum cut

o  Tight cut for LPFO momentum selection (20 < p < 60 GeV)

e dE/dx distance selection

o The minimum K dE/dx distance is selected.

38



Efficiency

The Main Efficiency Killer

e TPC Hits cut

o  Restricts detector acceptance region (0.8 < [cos6|)

e Momentum cut

o  Tight cut for LPFO momentum selection (20 < p < 60 GeV)

e dE/dx distance selection

o The minimum K dE/dx distance is selected.
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pq method (4.3 ab-1)

LPFO 20.0 < p < 60.0 GeV | 0 < TPC Hits

:: - : i : % 1:
@ 0.16 i TR g ®
: Seconsllr:cte: K'T(' millched with s-quark angle Z_ 09_
L Reconstructed K:K: F
01 4 ? Reconflructed}? K’ (corrected) 08 C
ELIMINARY c
0.12 0.7
0.1F 0.6
0.5
0.08
0.4
0.06 v
0.3
.04
00 0.2
0.02 0.1k
’1 0806 04 02 0 02 04 06 08 1 % 01 02 03 04 05 06 07 08 09 1
K*K cos6 cos6, .

N (KxK) = 489246 .



pq method (4.3 ab-1)

LPFO 10.0 < p GeV | 0 < TPC Hits

:: - i i : % 1:
@ 0.16 i TR g ®
: Seconsllr:cte: K'T(' millched with s-quark angle Z_ 09_
L Reconstructed K:K: F
01 4_ Reconflructed}? K (corrected) 08_
ELIMINARY -
0.12 0.7
0.1F 0.6
0.5
0.08
0.4
0.06 v
0.3
.04
00 0.2
0.0 o1k
97 08 06 04 02 0 02 04 06 08 1 % 01 02 03 04 05 06 07 08 09 1
K*K" cos@ cos6, .

N (KxK) = 1681872 .



Summary & Prospects



Summary & Prospects

Summary Prospects
f N 4 N

e  SSbar reconstruction was performed, using dE/dx

i PID.
distance e  Mix other light/heavy quark pair production events.

o Kaon identification
o uu/dd/cc/bb

° Multiple methods were used to reject backgrounds and

) Can we do better with K*0?
salvage rejected events.

o Apply pg-method to the polar angle, which will give us extra

o K*0 method handle on K*0

o pg-method

° The pg-method has shown that the method works well for Caleulation of couplings from the fitted parameters.

the double tagging cases such as in this ssbar analysis.

43



Backup Slides



ISR Suppression



ISR Suppression

Signal Definition (
e SSbar back-to-back 03[
0.95 0 : 3
90 < cosbss 0.5 e
e Total Energy :
0.2_— : E
220 < ES + E§ = 0-14:_
B 0.12F
015'_ 01:_
Reco ISR Removal C F
| 0.08:—
e LPFO back-to-back 0.1 oot
0.95 < cosBjers - o
Z 0.4 05 '
PY TOtaI Energy : ’ QQ, Jet sep |cos8]|
0 [ o) I RS Y | MR T o RN Yo
0 50 100 150 200 25 300
220 < Emls Visible Energy (GeV)
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Migrated Event Analysis



What is Migration?

/'K~
+

K

48



What is Migration?

Precisely identify charges on both sides

K+

49



What is Migration?
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What is Migration?

o 0.04
2 B
= - Gen
% 0.035F R
T —Reco
003:_ -=*= Gen Fit
“F  ---- RecoFit
0.025[
0.02F
0.015f
+ / 0.01F
K - P -
_ - 0.005}
/ ety -

_4 T
| K™

o1



Why Migration?

N
S 7 \ K-

\ . P Leading PFO

52



Why Migration?

>
g TS
S \ K-
- [ Hadronization !
\ y, Leading PFO
N
S ="
Possible types of Kaons from ssbar pair
_ _ (sd — d5) (sd + ds)
K™ =si, K" =5u, K; ~ , Ko~

\/5

NG

Photon

Electron

Charged
Hadron

Neutral
Hadron

Muon

Tracker

Muon
ECAL HCAL Tracker

T
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Why Migration?

Photon

Electron

Charged
Hadron

Neutral
Hadron

Muon

Tracker

ECAL

HCAL

Muon
Tracker

PEX

TPC

ECAL

HCAL
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Why Migration?

Photon

Electron

Charged
Hadron

Neutral
Hadron

Muon

Tracker

ECAL

HCAL

Muon
Tracker

PEX

TPC

ECAL

HCAL
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Full Stats



Migration

LPFO momentum separation

e eLpR full polarized j% i
0
o ss: 375,000 events -> 125 fb-1 I
e Computation 0.08;
o LPFOpO - LPFO p1
e Distribution at p > 15. 0.08 fifl i 1
0.04
0.02

b 5 10 15 20 25 30 35 40
Ip | (GeV)

ditf



Migration

LPFO Impact Parameter

0.07
e Peakat0.3

Events

o Lambda decay? 0.06 Wrong

IIII[III

e More statistics needed?

0.05

0.04 [iHidh

0.03

0.02§

0.01§

0 "0.05 0.1 0.15 0.2 0.95 0.3 0.35 0.4 0.45 0.5
Impact Parameter (cm) 58



Migration

We look for Secondary PFOs (SPFO) with

opposite charge to LPFO. Should've selected

Gen Selected
Wrong events should have SPFO with momentum Reco ------- >
close to LPFO. (Other stole original s-quark)
Definition for SPFO Kaon with opposite charge
; -*" LPFO

o  Not leading

o LPFOis Kaon (ID MC gen partner)

o  SPFO is Kaon (ID MC gen partner)

o  Has opposite charge respect to LPFO Jet ,

S Min momentum
o Min momentum: 10 GeV At (10 GeV)

WRONG EVENT

59



Migration

SPFO Kaon Opposite Charge Multiplicity

Events

80

70

Wrong LPFOO0

lIIllllIlllIllIIllIIIllIIlllIIlllI

4 5 6 7 8 9 10
nKaon/Jet1

Events

3000

250

2000 F

150

100

500

"'IIIlIIIllIIllllllllllllllllllllllll

Correct LPFOO

2

3

4

5 6 7 8 9 10
nKaon/Jet1



Migration

SPFO Kaon Opposite Charge Momentum

O.Gt;;-

Events
Events

3 Correct
05 _ Wrong
0.4f
0.3

0.2

O MMM MO WS MO MM 3 3

0.1

0 46 @0 80 40 56 ° &0 0 16 20 50 A0 50 @

Momentum (GeV) Momentum (GeV) .



Selections (sS)

Cut MC
ISR suppression @ 0.04
e QQcossep>0.95 = E
e 120 <QQmom < 127 G goasf. EdCen
Cut PFO _  — Reco
General PFO E -~ Gen Fit
e PFO match (It should fall into either jet0 or jet1) QO3 ... B
e  #PFO tracks == 1 (more than 2 tracks cannot be associated u
to make 1 PFO) 0.025
Lead PFO (double tag) B
° Both PFO should have momentum window N
20 < Lead PFO mom < 60 0.02—
e Lead PFO charge + or -+ N
e # TPC hits 210 < Lead PFO hits 0.015—
e Offsetcut<1.0 B
e  kdEdx_dist < (pdEdx_dist & pidEdx_dist) u
Notes 0.01—
e  TPC hits -> changed from base E
e  Normalization changed (integrate from -0.8 < cos < 0.8) 0.005
because of cut in # TPC hits E
° Momentum window minimum changed from 10 -> 20 GeV -

0 s 06 04 05 0 02 0406 08 1

cosb
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Migration after pcut20

LeadK pdg wrong

Right plot shows the PDG of leading PFOs for the
migrated events when the momentum of both
LPFOO && LPFO1 > 20 GeV.

h_plo_Leadk _pdg wrong

LPFO1

268

Entries

#Events %
77 28.7 -
30 11.2 1_5:_
136 50.7 .
9 3.3
16 6.0 o
0 0

0 IIII|IIII
0 0.5 1 1.5 2 25 3




SPFO Removal



Selections (sS)

Cut MC
ISR suppression

QQ cos sep > 0.95
120 < QQ mom < 127

Cut PFO
General PFO

PFO match (It should fall into either jetO or jet1)
# PFO tracks == 1 (more than 2 tracks cannot be associated to make 1 PFO)

Lead PFO (double tag)

Both PFO should have momentum window
20 < Lead PFO mom < 60

Lead PFO charge + or -+

# TPC hits 210 < Lead PFO hits

Offset cut < 1.0

kdEdx_dist < (pdEdx_dist & pidEdx_dist)

Secondary PFO Counting

SPFO is not LPFO

SPFO is Kaon (determined from dEdx dist)
SPFO has opposite charge compared to LPFO
SPFO should at least have 10 GeV momentum.
Count number of such SPFO. (should be = 0)

TPC hits -> changed from base

Normalization changed (integrate from -0.8 < cos < 0.8) because of cut in #
TPC hits

Momentum window minimum changed from 10 -> 20 GeV

Entries

0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

Gen

— Reco
==== Gen Fit
-==- Reco Fit

(X X ¢ (R © (IO X 5 O 300 KN 18 S B DO 504 KN 10X & | 3 300X OF O B0 30 30

g

>1 -08-06-04-02 0 02 04 06 08 1

cosb
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Migration

SPFO Kaon Opposite Charge Multiplicity

Events

160k

140

120

100

Wrong LPFOO0

IIIlIIIIlllIllIIllIIllIIIllIIlllIl

4 5 6 7 8 9 10
nKaon/Jet0

Events

3500F

300

250

200

150

100

500

"'IIIlIIIllIIllllllllllllllllllllllll

Correct LPFOO

2

3

4

5 6 7 8 9 10
nKaon/Jet1



Number of Events

0 # Total Events (ss) 2,512,257
1 # after Gen sel 374,563
2 # after PFO sel 374,399
3 | Charge check 201,967
4 Momentum check 53,227
5 | TPC hit check 27,921
6 Offset check 26,848
7 dEdx dist min check 4,211
8 Opp K SPFO check 3,036
9 Migration 86 (2.8%)

nEvents

8

g9 10
Cut ID
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Neutral PFOs



Difference in Number

e LPFO Selection
o  Currently LPFO is selected among the charged PFOs.
m  Thisis done by 2 ways:
e  PFO should have 1 track.
e LPFO should be charged.
o  The first selection was removed to take a look at neutral PFOs in selected events.
m  Events w/ Neutral PFOs C Events w/o Neutral PFOs

o Thus, in current code, it will dump the event if the LPFO has charge 0.
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Energy Neutral PFO

Energy of Neutral PFOs

Entries

10 20 30 40 50 60
E (GeV)
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Number of Events

0 # Total Events (ss) 2,512,257
1 # after Gen sel 374,563
2 # after PFO sel 374,563
3 Charge check 70,516
4 Momentum check 35,222
5 | TPC hit check 17,967
6 Offset check 17,306
7 | dEdx dist min check 3,138
8 Opp K SPFO check 2,215
9 Migration 53 (2.4%)

nEvents

8

g9 10
Cut ID
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Analysis Steps

e Reconstruct SSbar process using generator information
o Summer 2021
o  PID was performed by checking with the Generator Information.
o Done to explore the maximum efficiency that can be achieved by this analysis.
o  Understanding the characteristics of the process itself.

e Reconstruct SSbar process using dE/dx distance PID
o Fall 2021 - Winter 2022
o PID was performed using dE/dx distance information.
o  Still use Gen Info for Signal Selection

o  Tight selection was applied to achieve high purity.

e Analysis Refinement
o Winter 2022
o Counter migration
o Increase selection efficiencies.
o  Start of use Reco Info for ISR removal.
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Definitions of
Stability and Purity



Stability and Efficiency

fvgen
N’I“BC
oo NpeeNN Nree N Nyen
stability = e N R
N gen
: Nyec NN, gen
purity =

cos
74



Stability and Efficiency

fvgen
N’I“BC 5
. Nyree NN, Nree N Nyen
stability = e Jen N
N gen
purity = Nrec N Ngen
N’I“BCO

cos
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Stability and Efficiency

fvgen
NTGC S
stability = Nrec Ngen Nree (1 Ngen 2
Ngen Aosp < 0.02
purity = Nrec N Ngen
NT@CO

cos
76



Stability and Efficiency

fvgen
N m N N’I“BC S
- rec en Nyee NN,
stability = J rect gen 2
Ngen Aosp < 0.02
stability = 0.5
" Nyee N ]\Qy€7l purity = 0.4
purity =
Nreco

cos
77



