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Light Higgsino Scenarios

<+ Light higgsinos motivated by natural SUSY

mi, + g — (mfy, +37)tan’ 8

2 2
mo, = 2 2
. Z tan? 3 — 1 s
W—‘ ~— s

SM SUSY

DESY. | Hadron Production in Photon-Photon processes | Swathi Sasikumar,16 March 2021



Light Higgsino Scenarios

<+ Light higgsinos motivated by natural SUSY

mi, + g — (mfy, +37)tan’ 8

2 2
. mz =2 tan? 3 — 1 2
~ — il N e
terms from SUSY breaking higgsino mass parameter
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Light Higgsino Scenarios

Light higgsinos motivated by natural SUSY
2 d 2 U 2 - )
2 My, + Eal - (mHu + Eu) tan 6 B 2 Yy Xy
° mZ =2 tan2 6 —1 Q,U v
Light higgsinos at electroweak scale - X; . X and”} L
¢

%} — the lightest SUSY particle (LSP)
\
\.('

No other SUSY particles below TeV scale

AM (%, %;) ~ asub GeV

#Entries
3

—k
o
@

10?
pt of visible tracks
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Light higgsinos at electroweak scale

Light higgsinos studied for two benchmark scenarios by Hale Sert - DESY-
THESIS-2016-001 at+/s =500 GeV and/ﬁdt = 500 fb-1

. AM(Y.XY) = 770 MeV = dM770
. AME X)) =1600 MeV => dM1600

Key observables e.g. Msy AM(x7, %9) cross-section obtained with an uncertainty
of a few percent

The analysis studied with simplified assumptions:

« simulated using SGV fast simulation - perfect particle identification
assumed

« without the inclusion of ' low pt hadron overlay
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Light higgsinos at electroweak scale

Study of higgsinos in full simulation for /5= 500 GeV and /[,dt= 500 fb-1
. AMKXT, X)) =770 MeV = dM770
. AM(X7, %)) = 1600 MeV = dM1600

Simulating events using full detector simulation

Studying the effect of !! ! low pr hadron overlay on the higgsino analysis
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Photon-Photon Interactions at ete- colliders

e*e- beams are accompanied by real and |
virtual photons P, O

Photons interact in different ways '

Vector meson dominance - most
dominating subprocess

po
« Photon fluctuates into a vector C *“ ..... A
meson since it has same quantum ® <~" "
Y p° P n

properties

Vector mesons interact to give low pr
hadrons

At v/s =500 GeV => 1.05 77 — low pt
hadron events/Bunch crossing expected

DESY. | Hadron Production in Photon-Photon processes | Swathi Sasikumar,16 March 2021 7



Higgsinos and ! processes

Higgsinos have small mass differences —> a few soft visible

particles B
Xy X1
Small transverse momentum (2 - 4 GeV) \/
Visible decay products similar to vy —low pt hadron process L (
w=* :
Conventional methods e.g. kt method to remove overlay not 5(
possible for higgsinos
\p
» |low pr visible decay products misidentified as 77 — low '
pTt hadron process and discarded
Higgsinos vy ! low pt hadrons

dM1600 3

10°

#Entries

10*

10°
10?

10

P; [GeV]
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The Standard Model Background

Hard SM background processes:

. eteT = 2f.Af 6f

QA

. ety —3f,5f

. vy —2f,4f

Nl ,

Every SM background event overlaid with \ Q,2

vy — low pt hadron processes

The presence of vy — low proverlay makes ~y — 1ow pt hadron
suppression of SM background more
challenging
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The Standard Model and the Signal

« The !! — 2f background has
same signature as the signal
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The Standard Model and the Signal

 Anhard ISR photon is required to
suppress this type background

Two-photon backgrourd
VY

« The !! — 2f background has
same signature as the signal

Eignal
b T a Yy

Y

In the final state: ete™ — ¥ X~

« Afew soft visible particles

~._ /. L « Alarge missing energy (2xX1)

DESY. | Hadron Production in Photon-Photon processes | Swathi Sasikumar,16 March 2021 1



The impact of ! overlay

 The presence of vy — low pthadron
overlay changes the topology of
events

Events/0.04

« All particles should have |Cos@ | <
0.9397=> 20 away from the beam

« 7y —low pthadron particles found in
forward part of the detector

# Entries

DESY. | Hadron Production in Photon-Photon processes | Swathi Sasikumar,16 March 2021
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The impact of ! overlay

 The presence of vy — low pthadron Previous
overlay changes the topology of - 107
events S 10°
SRT
« All particles should have |Cos@ | < 2 10° §
0.9397=> 20 away from the beam 2 :?:

10

vy —low pt hadron particles found in
forward part of the detector 10"

Every particle should have E <5 GeV

Joi,
(e

.ee# 2f
.ee# 4f
.e$# 5f
.ee# 6f
Bss# af
Wss# of
[Jes# sf

# Entries
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The impact of ! overlay

DESY. | Hadron Production in Photon-Photon processes | Swathi Sasikumar,16 March 2021

The presence of v+ — low pthadron
overlay changes the topology of
events

All particles should have |Cosf | <
0.9397=> 20 away from the beam

7y —low pthadron particles found in
forward part of the detector

Every particle should have E <5 GeV

Previous analysis only had particles
from the higgsino decays

To reduce impact of vy — low pr
overlay —> separation of signal and
overlay required

Events/0.2 GeV

# Entries

Previous

107
10°
10°
10* §
10°
10° _
10 R aTam

: g =_ E
! f! .'.

10"

[ yy—af

s [l] oy —5f

. e 6f

T [T
oi
1 1

m

.ee# 2f
.ee# 4f
|:|e$# 5f
.ee# 6f
Bss# af
Wss# of
[Jes# sf




Higgsino selection criteria Iin previous analysis

No beamCal activity

Number of reconstructed particles < 15

At least one ISR photon

|Cos theta| < 0.9397 —>20" away from the beam
Every particle should have E <5 GeV

Missing Energy > 300 GeV

|Cos theta miss| < 0.992 =7 away from the beam
4+ Semi-leptonic selection —>to suppress neutralinos
Boosted energy of the chargino decay pion < 3 GeV

Acoplanarity angle between pion and lepton < 2 rad

DESY. | Hadron Production in Photon-Photon processes | Swathi Sasikumar,16 March 2021 15



Separating !* overlay

« Signal and vy —low pt hadron vertices
are displaced from each other

« Often only single track —>no classic
vertexing possible

» Tracks emerging from the displaced
vertices can be separated based on
their impact parameter in z-axis

E‘ 10__' T ~:|: L B L
£ F — X1
L 8 — vy — lowpr B
O- -
o 6 4
e I
£ 4f ]
e
L
20 B
O: P EEPEra—— . | .II. P I P I :
04 02 0 02 04

vix,[mm]

Positions of MC tracks on the z-axis
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Track grouping Algorithm

« Atrack grouping algorithm developed to group tracks based on their zo value

«  Aiming to separate signal and overlay tracks = further away on z-axis due to
displaced vertices

 Only 16-18 % of the groups have tracks incorrectly combined
« The algorithm efficiently separates the overlay and signal tracks

» The groups created by the algorithm used to select semi-leptonic candidates for
the signal among the overlay tracks
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Semi-leptonic selection efficiency
dM1600 scenario

selected as semi- Semi-lep events with failed to be selected
: both signal tracks as semi-leptonic
I;?SSSIC through reconstructed 84 % through groups
79% 21%
High
o multiplicity
96% groups

l

both the semi-leptonic candidates
rightly selected
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Semi-leptonic selection efficiency

selected as semi- Semi-lep events with failed to be selected
: both signal tracks as semi-leptonic
lept th h
gerF())L(J);sIC roug reconstructed 84 % through groups
79% 21%
Perfect particle id
assumed using MC l
truth info
High
o multiplicity
96% groups

l

both the semi-leptonic candidates
rightly selected
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Modifications in selection criteria

* For events where semi-lep events
found =>|Cos theta| < 0.9397 only for
semi-leptonic candidates

* For events where semi-lep events not
found =>|Cos theta| < 0.9397 only for
all particles

Entries / 0.04 GeV

Reduction of signal and background

dM1600 |Sig[%] |SM [%]
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Modifications in selection criteria

+ L+ oy
4+ Events with semi-lep found: Es.+Eneu < ee !l
5 GeV & Es +Eoinr < 5 GeV

4+ Events without semi-lep event found :
particle with highest energy E <5 GeV

ESL +Eneutral [GeV]

0 2 4 6 8 10
Esi+Eotn ks [GEV]

Reduction of signal and background

dM1600 |[Sig[%] |SM [%]

vy I 2f

1000

500

ESL+ Eneutral [G eV]

N P PR | 0
0 2 4 6 8 10
SL + oth_trks [GeV]

21

ITI
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Comparison of events

4+ Presence of overlay makes removal of SM background challenging
4 Harsher and new cuts introduced to remove SM background

4+ Smaller signal events survived with respect to the previous analysis

current previous current previous
dM1600 dM1600 dM770 dM770

2147 3813 1826 4600

“ 3290 4016 5420 2199

<+ Due to similar background in dM1600 —>the expected uncertainty on observables is:

\/Sigpre/Sigcurr =1.33 = ~33% worse
* Gets better with smaller SM background —>~25-33% worse
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Precision determination of Polarized Cross Section

- Statistical precision of polarized cross section 1" /" 5o is estimated based on
efficiency and purity

oo 1 XTXT — Y1X
meas _ Omeas = Opol X BR(Xii_Xl — X?X?’W"U“(e))

Omeas \/e * T * Osignal * f Ldt

_ Current Analysis |Previous Analysis
[fb-1]

dM1600 78.7 2.3% 1.9%
dM770 77 2.9% 1.6%

« More precise determination of cross sections possible with luminosity upgrades

DESY. | Hadron Production in Photon-Photon processes | Swathi Sasikumar,16 March 2021 23



. -t
Mass reconstruction of X3

. Mﬁ: are reconstructed using their recoil mass against the ISR photon

. - E 600
N S I
AN é 400 -
// 200_
/ [
0200 ZéO 3(I)O 350 400 450 500
Vs'[GeV]
. Reduced CM energy: * Inrest frame of charginos
/ / _
') > N | | Bl [ B | Faduliiadiiadl MNE
. 1000 -5 5 E
3 scc &ooroxnx dMTTO :
= S goo |- HIE %Y k
2 6ol z (0 b ]
§ [ § 600 F ~ simu. cata ]
w <00 L
200} 200 3 - £
S0 250 300 350 400 450 500 %00 250 300 a5 400 50 500
Js' [GeV] \&'|GeV]

Previous analysis
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Recoil mass

%1000‘ o ameo [l %eoo Di"‘i ' ' ' ' ‘
- dM1600 H
S Oz O OhY dM1600 ;
S goof L 2 0% %y ' =168.0+ 1.4GeV | |
> - %‘: %Zy @ €00 _-. SM w," ' 4lae 5
) o = [ o
2 600 [l ] [~ simul. dala
c r w 400 -
W 400 F i
200 |- 200 -
oF [ ]
200 250 300 350 400 450 500 %00 25 300 350 400 450 500
Is' [GeV] \'s'[GeV]

Shape of recoil mass distribution different than previous analysis
Low recoil mass region less populated due to harsher cuts

Due to lack of MC data, large weights applied on events —>spiked around signal
end point = large errors

No cuts found to reduce background in the high recoil mass region
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Fitted recoil mass

% """" L B L B B % SRR LIRS
51000 F Ankz dM1600 200 | LI dM770 =
H#0 #0 -

o xxv o B ! ;
™ 800 M™ = 164.9 = 2.7 GeV ~—1000 - M = 160.3 + 3.8 GeV P
~ .SM % ~ - .SM 1
a N 800 F
q_) 9 - —— Simul. data
-.E E60 :
LLJ L

400

200

oL y ok .
200 250 300 350 400 450 500 200 250 300 350 400 450 500
Is'[GeV] I's' [GeV]

Chargino masses using fitted values:

[ dM1600 - M. — 1649 + 2.7 GeV (pre:1680+ 14 GeV) |

[+ dm770. M~i 160.3 £3.8 GeV__ (pre:168.6 £ 1.0GeV) |
Input value: dM1600:>165 77 GeV and dM770 —> 167.36 GeV

Uncertainty higher than expected —> lack of MC statistics

Even with ~ 3 % uncertainty results obtained highly precise
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Conclusion

Light higgsinos can be measured at ILC even in the presence of 77 — low pr
hadron overlay

The track grouping algorithm facilitates an effective separation of signal and
overlay tracks

Key observables like the chargino mass and polarized cross section can be
measured with few percent uncertainty

Even with statistical uncertainties worsening due to presence of overlay to about
~3%, the obtained results are highly precise
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Atlas exclusion limit plots
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Photons in ete- collider

>ete-beams accompanied by photons:
> Real Photons:

~ Beamstrahlung - emission of real
photons in high electrical field of
oncoming bunch

> Virtual Photons:

- Weiszaecker-Williams process -
emission of virtual photons interacting
with oncoming photon or electron

/(."'._.,.:' N\
Swathi Sasikumar | Hadron Production in photon-photon processes | 25-09-202P4ge  B1/ ?E.SI )



Modeling of 77! low pt hadron events

't overlay generated by two MC generators

>
& [ Pythia
* V5yy <2 GeV Barklow generator 0 10" | [JBarkiow  _
d H ]
* V5vy >2GeV Pythia P
. = 10° ¢
Detailed study on generators performed oo
Until recently a very simpler version of 107 |
0 5 10 15 20
Barklow generator used \'s,,[GeV]
* no neutral mesons - | | |
o 10°F E
O
« no natural width for - meson 3 -
o E -
8 -
g 10 E
The mass M,=770 MeV and ! =145 MeV 103_ ]
(; 0i5 ; 1j5 2
M, [GeV]
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Modeling of 77! low pt hadron events

't overlay generated by two MC generators

> L L B L L
& [ Pythia
* V5yy <2 GeV Barklow generator 0 10" | [JBarkiow  _
x _
* V5vy >2GeV Pythia P
. £ 10°
Detailed study on generators performed LI
Until recently a very simpler version of 107 §
0 5 10 15 20
Barklow generator used \'s,,[GeV]
* no neutral mesons > .
8 5000 [~ —:
*  no natural width for £- meson 12 4000 | .
g 3000 |- —
n F ]
2 2000 -
The mass M,=770 MeV and ! = 145 MeV 5 to00 - E
0 o

M, [GeV]
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Improvements in the Barklow generator

Entries

Improvements implemented in Barklow
generator for /sy <2 GeV

Event properties before improvements:

10* |

Barklow generator produced 7y — low pt
hadron processes with very simple events

T
+

vatp
cptp”
No neutral mesons included = no p° or ! ©

Entries

Event properties after improvements:

« Events like vy — 77 7 77, %% pTp~ _
' .

produced
10° -

* Neutral particles produced
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Detailed study of do parameter

: T o o 101 = T L B
10_1 ;_ —Background_; E — Background
- — Signal 3 i — Signal

: ] 102 |
1072 ¢ E 5
§ h -3
10—3 §_ 10
v _
e 10
20 -10 0 10 20 -20 -10 0 10 20
dfmm] 4o,

0

> Longer lifetime - high do for chargino decay tracks
1y decay mode  BR{dM770)

> do significance for signal and background better separated ey’ 15.0%
p.‘-'::'ll 13.7%

> Tracks with highest do significance removed as one signal track 719 60.4%
ata '\ﬂ 7.3%

x ! 20r0%%0 0.03%

L

Swathi Sasikumar | Hadron Production in photon-photon processes | 25-09-202P4ge  B5/ DE.SY |



High d0 value comparison

dM770 dM1600
NS [ ! ! : ! ' S~ 30 T T T T T
e a0k : = F
2 i S 20 F
. n 20
< 20 10 = N 2
¥ 10F 107
oF = oF
R -3 N
-20 | 10 “10F . 107
_a0L -20 F
i | PR R R RS 10—4 E _4
_ _ Vg J SRS R SN BN N 10
0 20 0 20 y 04%2+] 30 20 10 0 10 20 30
ot dO/GdO[X1]
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Flow chart for algorithm

DESY.

Get pair of tracks with smallest distance

1. weighted avg = new track z,
2. weighted avg err = new errar

3. replace grouped tracks with
new track values

\ .
Dist < 1.7

» Group together

3/



Semi-leptonic selection for charginos dM1600

Truth - level Reco - level
> Total events
pi/lep 3 trk grp | More trk
grp > two tracks -64%
8.5 1.3 0.44 0.4 > three tracks - 17%
> four track - 8%
1.6 0.6 0.35 0.24 - one track - 11%
3 trk grp JIAS 0.2 0.13 0.20
Xy decay mode BR(dM1600)
8035 037 011 047 vXi 17.3%
grp 5% 16.6%
7t Xy 16.5%
L E 28.5%
Both tracks in one group - 84% 2trk =61%, 3trk= 15%, 4trk =
5%, more = 3.2% -
//;.:::\\
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Semi-lep selection for tau events dM1600

Truth - level Reco - level
pi/lep More
trk grp
S - (0]
42 4 3 1 0.7 two tracks -23 %
> three tracks - 20%

4.1 2.3 0.6 0.7 > four track -45%

> Total events

> Onetrack - 12%
3 trk 2.4 0.16 0.12 0.2

grp

more 0.5 0.30 0 0.17
trk grp

Both tracks in one group - 38.3, 2trk - 29, 3trk = 5.2, 4trk = 3, more = 1.2

(./"i\‘\‘
A\
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Semi-leptonic selection procedure dM1600
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High d0 track

2 60 NN | | —

40

# events [%)]
777
7
# events [%]
//O
.

A\ A\ A\

T

\\\\\\\\\\\

Sig bkg ShO_WGF p Sig bkg shower p
high d /o, tracks high d /!, tracks

Pair background included Pair background exclude

/"-\\\
L e
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Both tracks reconstructed high d0

g Rl kg | | | g \\\\\\\\I | |

% 60 }\\\\\\\\}\ ’ ‘% 60 \\is\is\é ]

40 \s\\\\\\\\ . * 40 §§\\\\\\\\ -
: \
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high d /o, tracks high d /o, tracks
Pair background included Pair background exclude
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Semi-leptonic selection efficiency

dM1600 scenario

Successfully Both tracks reconstructed Semi-lep
identified semi-lep 84% events
semi-leptonic failed to be
T identified
79% 21%
one track in
single and other both tracks in
high multiplicity high
96%, 49, grp 4 multuTc:ty grp
l 63% 36%
Semi-lep
events with -
both lep and o
i 1 track found
pi correctly p—, ‘ 18% [ in2 trk grp
both wrong other in high
7% l multiplicity grp
l with only right lep
with only right pi
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Charginos dM770 true selection

> True distribution of semi-leptonic tracks in the groups for dM770

pi/lep More trk
grp
39 6.4 2.7 1

X

30 5.4 1.45 0.58 0.27

5.6 0.64 0.62 0.2 0.14
3trk grp 2] 0.39 0.16 0.66 0.1
lel-Ris . ql 0.76 0.12 0.16 0.08 0

grp

Both tracks in one - 5 o
/(."._.,."' N\
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Semi-leptonic selection matrix for charginos

> With semi-leptonic selection on reco-level for dM770

31 7.5 3.3

x

35 3.17 x x

14 4 2 4 X

2.8 x X x

Both tracks in one group - 3.1 P
/ ‘_._," N\
Swathi Sasikumar | Pier PhD seminar | 17-11-2016 | Page 45| DESY |
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Tau true selection dM770
pi/lep More trk
grp
42.4 6.9 5.2

x 1.27

32 0.24 0.36 0.012 0.012
4.7 0.15 0.05 0.06 0.012
3.9 0.012 0.045 0 0

more trk [N 0.05 0 0.025 0
grp

Both tracks in one group - 1.8

/(..,., g '\\
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Semi-leptonic selection matrix for tau dM770

Reco Level

S T s s
u % 24.5 7.9 5.9
W 42 1.3 x x
W 103 % x %

Both tracks in one group - 3.6

l'/._.,,'\.\‘\
Swathi Sasikumar | Pier PhD seminar | 17-11-2016 | Page 47| DESY |
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Semi-leptonic selection procedure dM770
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Semi-leptonic selection efficiency
dM770 scenario

Semi-lep
Successfully Both tracks reconstructed events
identified semi-lep (68% of total) failed to be
semi-leptonic identified
78% 22%
High do track is | High do track
signal net a signal
88% 12% T T
1 63% 37%
Semi-lep
events with
both lep and 17%  |=» both wrong
pi correctly
60%
23% with only right lep

with only right pi

DESY.



Semi-leptonic selection efficiency

dM770 scenario

high d0 found

correct

f

63%

83%

!

mixed tracks

DESY.

Missed events

37%

—

high d0
wrong
37%

) 1 track found
one track in in 2 trk gro
single and other other high
high multiplicity multiplicity grp

49% 25%
did nol pass both tracks in
cuts for 26% ™ high multiplicity
tracks arps
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Energy criteria

N
IIIIIIIIIII

DESY

Eoth_trks + Eneutral[G eV-
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Energy case 1

Es versus EneutraI+Eother_trks <5 GeV

Selection cuts AM1600) Standard Maodel
Ty ATy XYy eTem = 2,4,6f ey —=+3,5f 4y = 2,4f
Sk others
Precuts 0816 17934 8654 4.9326x10%  2.9901x107 1.78609x10°
[cost, ;;,l < 0.9397 6176 4396 1452 139969 L 7954349 S11R228
Fronji (Fease1) < 3 GeV 4532 3628 1397 1733 203917 467310
Lies = 300 GeV 41532 3626 1221 532 40995 171506
[cosbmiss| <2 0.992 4214 3379 1146 461 23459 103235
Scmi-leptonic 3902 1297 69 279 8831 71006
E; < 3 GeV 3639 1197 65 219 6472 HIRTT
<I>,-,,,-,,, < 2or 3098 1018 63 193 5962 13576

Vel < 480 GeV

DESY.
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Energy case 2

Esi+ Eneutral VErsus ESL"'Eother_trks <5 GeV

Seleclion culs ANT6GO0 Standar? MNodel
YNy Wy WUy emem — 2,4.6f  ev—3,5f Ay 2.4f
SL aothers
Precuts U816 17934 8654 1.0326%10%  2.9901%107 1 78609x%10%
wostop| < 0.9397 ({176 4306 1452 1394964 17954344 3118228
Eope (Boasez) < 5 GeV 4366 3627 1439 1683 101951 140570
Eres = 300 GeV 1366 3625 1261 513 39710 158318
[costmic] < 0.992 4059 3382 1184 427 22400 39598
Semi-leptonie 3746 1260 70 199 6024 40810
B« 3GV 3540 1176 67 171 4602 33861
Ppep < 2 07 3120 106K 64 149 4444 9134

Vs < 480 GeV

DESY. 53



Energy case 3
Energy of all particles < 5 GeV

Ve o 480 GoV

Selection cuts dM1600 Standard Model
X1x17 Xixiy Xy etem = 2.46f ev—35f yv—2,4f
SL others
Precuts 0816 17934 8634 4.9326x10°% 2.9901 <107  1.786G09x 10%
|cosh,, j_gl < 0.9397 6176 4396 1452 439969 7954349 3118228
Eanjt (Fenes) < 5 GaV 4827 3779 1280 611 221168 536361
Eoiss = 300 GeV A827 377 1250 540 44542 202583
|costmiss| < 0.992 4487 3520 1198 438 24945 120577
Semi-leptonic 4247 1419 83 169 8086 70438
E7 < 3 GeV 3885 1290 8 160 6329 54150
Doy < 2 OF 305 1093 74 130 5793 12419

DESY.
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New selection cuts

\\\“‘ "v‘.’:f / “”

* Any photon with E > 10 GeV & |cos Ty, .- 4" A
theta| >0.993 qualifies for ISR ] ’
particularly in tau events ey -y

« Angle between ISR candidate and el
nearest track be larger

 |nvariant mass of the ISR candidate
and nearest track <M - < 1.7 GeV

=
(6)]

105"

Invariant Mass [GeV]

DESY. | Hadron Production in Photon-Photon processes | Swathi Sasikumar, 25 September 2020 55



Comparison with HS-analysis

| |
T 1_' TrrrTrTT T Tttt T T T T I 1_' T
@w [ dM1600 @w C dM770
? o8 @ o8
06} 0.6 —
0.4} 0.4 —
0.2} 0.2 —
80-0 250 300 350 400 450 500 200 250 300 350 400 450 500 %o 250 300
Is'[GeV] \s'[GeV]
Region near end point decisive for mass reconstruction
mCI)

Large errors due to lack of statistics at the endpoint
With the average of first three bins:

dM1600 => 40% worse signal, 30% less bkg
dM770 = 37% worse, twice more background

350 400 450 500
Is'[GeV]

200 250 300 350 400 450 500

Is'[GeV]

Uncertainties on mass and cross sections depend on amount of background
in the same region

DESY. | Hadron Production in Photon-Photon processes | Swathi Sasikumar, 25 September 2020
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Model Properties for event selection

Production process and decay modes
Ref: C-H. Chen et al. hep-ph:9512230

4+ The charginos are produced as - [ ev, ! ]
4 SN T EY T~ amio amisop .
e e — X1 X1 i ‘\ b ]
. 9 0.8 o \\ -
4+ The exclusive decay mode: ~ - \ 1
< i ' hddrons
~ ~0 | 0 o~ i s -=-]
XiXy = 2Xi ™ (7 7) pvuleve) wp 06 [ S
) i ]
o p— B "1\ 1
. dM1600=> 30.5%, < i " ]
g 0.4 1 —
«  dM770=> 35% ©
m

DESY. | Hadron Production in Photon-Photon processes | Swathi Sasikumar, 25 September 2020 57



New selection cuts

Lepton from di-leptonic events
along with pions from overlay mimic
the semi-lep signatures

Events with oppositely charged extra
lepton to the selected candidate,
vetoed

(7)) T T T T T

GC) + + |
5103_ ee ! kK

H:

1025— E
105— E
1||I||||I||||I....I..

0 1 2 3

Number of leptons

DESY. | Hadron Production in Photon-Photon processes | Swathi Sasikumar, 25 September 2020

vy ! 2f

#Entries
2,

—
o
N
N O D B D n e

—
o

0 1 2 3
Number of leptons

aa — 1t_SL

o
o
1
)

o

)
m
|
I
=
M
o

aa — uu

aa —ee

aa — xx

aa —yy
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Recoil mass fitting

> i L B B B T 1A . = F L L B B R B R B L
8 600 - 2 I 1447/20 I:I T 8,1 000 | %2 / ndf 1809/9 |:| o
o N Prob 6.409e-21 - Ii’ 2 9 i Ii: XQY
g [ Constant 5.777 £0.115 i B 800 [ PrOb 0'0341 7
~ 7770 ISM 0 i ISM
8 400 Slope  -0.003317 = 0.000335 g i p0 1649+ 2.7
= ~ Simul. data = 600 — e | —Simul. data
c L -
L 400 [ Pl 1.635+0.132
200 I
200 f
0 0
200 250 300 350 400 450 500 200 250 300 350 400 450 500
\'s' [GeV] Is'[GeV]

« Standard model background fitted and fixed using an exponential function

*  p1tp2.Xtp3.ePsX => pa(X-2P1)+P3.ePeX

DESY 59



Track grouping algorithm with pair background

'o\—ol 50 T T ] g , T -
2 ST : 2 40 - E
- A
% 40 i :Z;%’%%%% - > S 5 ]
o R x"%»*"%»*"%»& . o RIS KERRESR ]
et L “%"‘g"&‘* . o BRI R —
R e ] S 30 i Saa , .
D 30 ‘3"*%% x% — SRR S
H* Beaas Sea e . % KERRER e j
[ 4ot 4ot . AAA
e = : 20
2 - =
,& x%%%%‘%& y&%%%& 000000008 8
R R KRRRRERRRRSS A SEEEEEEE SR
RERRRRSS: SRR KRR
s
. 0
sig bkg mix sig bkg mix

> With the inclusion of e*e- pair background does not affect the track grouping
algorithm efficiency significantly

> Pure background group number is higher but the groups with signal and
background incorrectly combined only 18-22%

W '\\
Swathi Sasikumar | Hadron Production in photon-photon processes | 25-09-2020 | Page 60 '\ D,.Esi ‘
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Mass difference using boosted energy

L : : > :
>Boost energy of pions in chargino pair frame o 0%
<3 GeV ‘gmoo 'I'Ixm
© (= lw—tzl
@ 800 P ev—af
. + | O IS L
> Chargino decay for dAM1600 - m—and S 500 il PR
with BR - 28 % " 400 Sl
M yy—
. i i
> Event selection based on charged tracks 200 :Z;,
> Important to have methogs to find right o 2 450 rGe\1!?
photons decayed from !
o
0]
> 14_:’.;'“', P ———r—r— o\
8 12 3 D fé fa f dM1600 X decay mode BR(dM1600) 3
S .t 07 %7 ev i 17.3% 3 |
@ 10F — simul. data - <SM> HrXy 16.6% = 2|
& 8FAM"=1631027 GeV % 16.5% W H
o sk LR 2% 28.5%
4 ‘ .J- |
[ o 8
2 rL b o 2 4 6 8 10
ok 1 1 A E*R[GGV]

0 0.5 1 1.5 2 25
E*; [GeV]
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Neutralino studies

 The overlay removal is performed

with the use of the tracks e (\/s — EEy . + Dy - P~
. . VYaaft f7 '
* In the previous analysis, photon VS

decay channel chosen for analysis

« To apply the group tracking

algorithm the hadronic decay

channel can be used v, decay mode BR (dM1600) BR (dM770)

« BR for dM770 much smaller

“XY 23.6%: 74.0%

« Challenging to remove the chargino VXY 21.9% 0.7%
. . . -t -0 < 7L/ ()

background with selection of this cra jﬁ';gj‘ 1"’,tj','
Channel ot X, 3.7% 1.5%

hadrons — ¢ 44.9% 12.7%

DESY 62



Perfect particle id problem

The semi-leptonic selection in the current analysis made by cheating MC truth
information

Similar to previous study where perfect particle id assumed through fast
simulation

At low pr the distinguishing 7+ and ui becomes challenging
dE/dx method not as efficient as for € and 7=
Method developed by Hale Sert to distinguish 7+ and ut using cluster shape

The efficiency to select true semi-leptonic events with ! (4 combination on
reconstruction level is 80%

DESY 63



Beam Polarisation

« s-channel allows LR and RL polarization (J=1 for mediator)
« for new physics => spin can be zero thus also allowing LL and RR

* in t-channel => all combinations allowed

, 1 | ‘
a‘\Pc"‘)Pc‘ ) = Z{(l + Pc'*‘.)(l - Pc—:‘aﬂb B (1 - Pc—)(l + pc—,)CTL-H

+(1+ B )1+ P Yo+ (1= Pt )(1 = P ) )

Polarisation Dependency  Signal (S) Background (B) S/B SVB

S enhanced & B decreased 2x 8 0.hx B 4x8/B 2v2x S/ VB
S enhanced & B enhanced 2 x § 2x B 1x8/B 2xS/v/B

DESY. 64



Missing four-momentum

Entries/ 10 GeV

« Signal - 0%,

DESY.

10°

10*

10°
10

1

L]
|:| ;2: >”<; - true SL

|:| )2: )21 - others
[ A

. ee— 2f

. ee— 4f

. ey— 5f

. ee— 6f

. vy — 4f

. yy— 2f

D ey— 3f

200 250 300 350 400 450 500

vy !

2f - 64%

Emissing

[GeV]
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Outlook

Analysis including e*e- pair background

Perfect particle id assumed since PID cheated from MC data - method to separate
low momentum pions and muons developed by Hale

Reconstruction of mass difference AM)Zi <0
1 A1

Further improvements: better tracking for low pT tracks, inclusion of TOF

DESY 66
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