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T1tttt: Signal model

Final State

* One

_* High jet multiplicity
* o Multiple b-jets

e High MET




Exclusion limits
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Chargino production

® Direct production via

U

electroweak interactions. q q
. . . . T
® Indirect production; emitted i
) g 0 - E =0
in cascade decay of coloured &5\ > X1
particles. O~ T
;"\“4 X X1 ey 0
. . g 0 - ,\1
® Multiple energetic jets . -
7-‘-::
¢ [arge missing transverse q q
energy from Neutralinos | o
® At least one disappearing T19qqq: Signal Model|

track



Signature of the chargino

® Chargino decays to neutralino

and a W boson;

® If chargino-neutralino mass
splitting is of the order of pion
mass, charginos are long lived;

® W boson is assumed to go to a
pion with transverse momentum

given by:

pﬂ_ — \/(mx"lj: — mx"lo)2 — m72.l.

® The chargino track appears to
disappear as pion is not
reconstructed.
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Expected Exclusion limits

Proper lifetime = .33 ns
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Disappearing track selection

e passes baseline track selection

e d;, <0.01 cm and d, < 0.02 cm

e absolute (relative) isolation from charged PF candidates < 10 GeV (0.01)
e absolute (relative) isolation from neutral PF candidates < 10 GeV (0.01)
e energy deposited in ECAL < 10 GeV in cone of dR < 0.5

e relative isolation of the track < 0.2

e missing inner hits =0

o P& [p2, < 0.2 for short , < 0.05 for medium and < 0.02 for long tracks
e missing outer hits > 2 for medium and long tracks
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Search variables

® Chargino decays to a soft pion and
a neutralino;

® To a very good approximation the
sum of the disappearing tracks is
same a missing transverse energy in
an event;
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s=13 TeV, L =35.9 fb™
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® Iake background is reduced by 3 1sh
20% for delta ph1 < 2.5 selection. o

® Facilitates background prediction.
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Search variables

® Chargino decays to a soft pion and
a neutralino;

|
|1

® To a very good approximation the ~ ([
sum of the disappearing tracks is X1
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Search variables 15 TaV, Lm S50
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Se arCh Val‘iable S s=13 TeV, L =35.9 fb"
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® Variable to compare the
magnitude of MET and the sum
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Search region

e number of disappearing tracks > 1

o Hp > 250 GeV, Hr =S p)t*

o MHT > 250 GeV, MHT = —>_ %"
e number of jets > 1

e number of veto leptons = 0

o /\O* < 257 AP* — A¢(ﬁ%iss7zf)’%acks)



Search regions

® Search is binned into 8 search
regions;

® Binning in R, makes the
search sensitive to the
different chargino lifetimes;

® Binning in HT and MHT
makes the search sensitive to
different mass parameters of
the signal model.
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Leptonic background estimation

® Estimated by measuring a transtfer factor kappa as a
function of transverse momentum and pseudo rapidity as:

P (disappearing track||true lepton)

A P (lepton||true lepton)

® Control region ; events with exactly one veto lepton
(Signal Region)eyents = & X (Control Region)eyents
® Kappa is measured by tag-and-probe method in data.

® Smearing of probe leptons using smearing templates.



Kappa calculation

® Calculation by tag-and-probe:

Number of probes identified as disappearing track
K =

number of probes identified as an lepton

® In simulated samples; using generator information;
® Generator level lepton is treated as true lepton;

® Used to prove the independence of kappa from event
dynamics.



Contamination from fake tracks

Vs=13 TeV, L =35.91fb™
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Contamination from fake tracks

® Delta Phi distribution of probes;

disappearing tracks in events with

on tag lepton and no b-jets (top);

® Veto disappearing tracks with:

o AD* < (.8; po /p2 < 0.05
o AD* < 1.0; peor /p2. > 0.05

® Invariant mass distribution for
tag electron with reco electron
and disappearing tracks with
inverted selection on Delta Phi
(bottom).
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Eftect of corrections
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Kappa values in simulation and Data

e Kappa for electrons in
simulation; W+jets and Drell-
Yann (top);

e Kappa is independent of event
dynamics;

® Tag-and-probe method is
viable method for kappa

calculation.

e Kappa for electrons in data
(bottom).
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Validation with simulated samples

® Kappa is calculated in Drell-
Yann sample with tag-and-
probe;

® Validated in W+jets sample for
electrons and muons

background;

® Closure in 8 signal regions
(top) and disappearing track
bins (bottom).
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(Events)
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BinNumber
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— single (el or p)
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Disappearing track multiplicity



Fake background estimation

® Estimated using a transfer factor alpha measured in pure Drell-
Yann events selected as:

¢ Number of muons = 2 with pr > 30 GeV and |n| < 2.4

e Both muons pass tight muon ID

1 2 _
¢ :ucharge + rucharge =0

® ‘IM,u,u — Mz| < 10 GeV

® Any track except for those from muons is a fake track.



Alpha calculation

® A ‘control region fake track’ and a ‘signal region fake track’ are
defined depending on impact parameter:

* ‘Control region fake track’: |d,,| < 0.01 cm

® ‘Signal region fake track’ : 0.02 < |d,,| < 0.1 cm

N (1dxy|<0.01)

o =
N(O.O2<|dxy|<0.1)

® Estimate ‘signal region fake tracks’ in signal regions as:

N(\dxy\<0.01) = @ X N(O.02<\dxy\<0.1)



Alpha CaICUIatiOn ys=13 TeV, L = 35.9 fb’!

DATA: Run 2016

® Fstimation in Drell-Yann events in
data; distribution of disappearing
tracks in data

Number of events

® ‘Signal region fake track’

distribution (top)

Vs=13 TeV, L =35.9 fb™

® ‘Control region fake track
distribution’ (bottom)

DATA: Run 2016

Number of events

® Alpha calculated only in the
events with A®* > 0.4

® Prompt tracks peak at A® — () _ -

25 ' ' Ad*



Alpha values

® [Fake tracks originate from
pileup tracks and noise

® Alpha as a function of
number of verticals is used
for background estimation

® Alpha almost constant in other
variables

® Alpha values as a function of
R.
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Validation with simulated samples

simulation Ys=13TeV,L =359 fb"
z 10t — singlefake
oy =i
® Alpha measured in Drell-Yann "o
events; e
107
10:
® Estimation validated in t-tbar, g
QCD, and W-jets. ! STl .t
) 0 10 20 30 40 50 60 70 80
nVitx
¢ Slgnal Ieglon: number of _ simulation Vs = 13 TeV, L = 35.9 fb"
. z 10 —— single fake
vertices (top). e =i
° . ° ° 1100 : |
® Signal region: in bins of o
. . 107
disappearing track 0’
multiplicity. i
i
51075 0.5 i L5 2 25 3

Disappearing track multiplicity



Background with two tracks
e Both fake tracks:

® Weigh a two CR fake track event by alpha*alpha
® Both leptonic tracks:

® Weigh a one lepton and a disappearing track event by kappa;
assuming the disappearing track is leptonic

® One fake and one leptonic track:

® Counted in both leptonic category where the disappearing
track is a fake;

® For separate counts; weigh the two lepton region by
kappa*kappa and subtract from the combined counts.



Number of events

data
prediction=

Prediction and Observation

{s=13TeV,L=359fb" | | Ys=13TeV, L = 35.9 fb"
— x— ct=10cm I prompt (t%) ——— x*ct=10cm m prompt (%)
—— xtor- gg cm == gcra(;tmpprto(mg)t — c¢=gg cm == gggmpgtc)(mp)t
— x— c1=50 cm ] —— x*c1=50cm )
xtct=100cm  HEEE prompt (e7) —— y*c1=100cm  [HEEN prompt (&%)

—
o
F=N

—
o
w

« Data

Number of events

—
o

2
IIIII| |IIl||II| IIIIIIIII I|||I||I| III||III|

<

data
prediction

0 0.5 1 L5 2 25 3
Disappearing track multiplicity

BinNumber

® Systematic uncertainties; fit parameters varied in their
uncertainties.

® No significant excess; limits to be set using profile likelihood ratio

as test static.
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Validation with simulated samples

® Alpha measured in Drell-Yann

events;

® Estimation validated in t-tbar,

QCD, and W-jets.

® No cuts: in track Pt bins

(top).

® Signal region: in bins of

disappearing track
multiplicity:
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) }85 —e— Truth SR fake
o
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B 10? —e— Truth SR fake
=%
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Disappearing track multiplicity



10xy* ct=10 cm [l prompt (t9)
—— 10xy* ct=30 cm [l prompt (u%)
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Probe lepton smearing in data

® Tracker hits of the reconstructed
lepton are removed in RECO
dataset and reconstruction is run

again;

ys=13 TeV, L =359 fb™
EndCap PT (50 - 70) GeV

ity

[a—
Illllll T

—— Disappearing track (e)

® The original Pt is taken as true Pt.

[a—

-
0
I

Events normalized to unit
[a—
<
l

® Smearing templates are made in bins ;L
of number of missing outer hits; ;

lll'llllll

2 3
Response

® Normalized by missing outer hits
distribution of disappearing tracks
in data.
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Trigger selection

* 6 ME'T-MHT tigger

O 4:... ......... ................ ................ denom t;rlg SlngJeEl ...............

cuts HT>300 GeV n(j)>1

IIIIIIII |llll[llll[llllllll

o o . . —
Trlgger e&iCIenCIeS at OO 200 300 4()0 500 600 700 800 9001000
event selections T/ GeV

CMS simulation pre/iminary

® > 97 % for MHT > 250.

p— p—
(\) -lk
T T T

T

® > 98 9% for HT > 350.

&6 MET- H™ triggers)

4__ ............. _— b clenom..tng..SmgieEl ...... T T
o QR S 5 5 : : :

cuts HT 'Ss>300 GeV n()

O 200 400 600 8001000200400 60(1 80@000
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Object Definitions

® Baseline track
e Track pr > 30 GeV

o Track |n| < 1.442 or 1.566 < |n| < 2.4
e Flagged as a high purity track

e Tracker layers of measurement > 3

® Disappearing track category:

e short tracks: tracks with three layers of measurement (pixel only tracks)

e medium tracks: tracks with > 3 tracker layers of measurement and < 7 tracker
layers of measurement

e long tracks: tracks with > seven tracker layers of measurement.
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Impact parameters

s=13TeV,L =359 fb" s=13 TeV, L = 35.9 fb’

10xy* ct= 10 cm [l prompt (t%) - 10xy* ct= 10 cm [l prompt (%)

—— 10xy* ct= 30 cm [l prompt (u*) —— 10xx* ct= 30 cm [l prompt (u*)
10° —— 10xyt ct= 50 cm [l prompt (%) —— 10xy* ct= 50 cm [l prompt (")
10xy* ¢ct=100 cm non-prompt 10xy* ct=100 cm non-prompt

= ‘ _E%E;bﬁiw—

Number of tracks

Number of tracks

| I — |
. (A 5L
| 1 | I-l | L1 I | I .| .I | | I e s N Y A O 11
0 0.0020.0040.0060.008 0.010.0120.0140.0160.018 0.02 0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
dxy .Cm] dz [Cm]

e d;, < 0.0l cm and d, < 0.02 cm
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Track resolution

s=13 TeV, L =35.9 fb™

% oL 10xyt ct= 10 cm [ prompt (t%)
c = —— 10xy* ct=30 cm [l prompt (u¥)
Ziek —— 10x¢* ct=50 cm [ prompt (e”)
S g 10xx* ct=100 cm non-prompt
Qe
E
> 10L "]
< Tk —
: =
10" o
| | lllllll‘ l."'l_l
0 002 0.04 0.06 008 0.1 0.12 0.14 0.16 0.18 (.2
PF /P

error
® Dr

Number of tracks
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s=13 TeV, L =35.9 fb™

10x¢* ct= 10 cm [l prompt (t%)
—— 10xy* ct= 30 cm [l prompt (u*)
—— 10x* c1= 50 cm [l prompt (€7)

10xx* ct=100 cm

0.08 0.1 0.1

L
0.14
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0.18 Q.2

s

III
0.16

/p7 < 0.2 for short ; < 0.05 for medium and < 0.02 for long
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Isolation from charged particles

s=13 TeV, L =35.9 fb™

lm_rrf|||||| I I|IIIIII| I IIIIIII| I IIIIIIII I

- 10xy* ct= 10 cm [l prompt (%)
—— 10xy* ct= 30 cm [l prompt (u%)
—— 10xx* ct= 50 cm [l prompt (e

10xy* ct=100 cm non-prompt

ﬂ | | 1

:harged B% ca%%ldates

Number of tracks

50
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s=13 TeV, L =35.9 fb”

B O A B

0 005 0.1 015 0.2
p

-10xy* ct= 10 cm [l prompt (%)
—— 10xy* ct= 30 cm [l prompt (1)
—— 10xy* ct= 50 cm [l prompt ()

10xy* ct=100 cm non-prompt

e

5

%o

0?1 ngeg IgF cgr?dlé)ates;)st?a

T

e Absolute (relative) 1solation < 10 GeV (0.01); dR < 0.01
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Isolation from neutral particles

s=13 TeV,L =359 b s=13TeV,L =35.9 fb”
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y pneutreg E’F candidates /ptrac

e Absolute (relative) 1solation < 10 GeV (0.01); dR < 0.05
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Energy deposition and missing hits

s=13 TeV, L =35.9 fb” s=13 TeV, L = 35.9 fb’

- 10xy* ct= 10 cm [l prompt (%) 10xy* ct= 10 cm [l prompt (%)
—— 10xy* ct= 30 cm [l prompt (u*) —— 10xy* ct= 30 cm [l prompt (u*)
—— 10x¢* ct= 50 cm [l prompt (e) —— 10x¢* ct= 50 cm [l prompt (e)
10xx* ct=100 cm non-prompt 10xy* ct=100 cm non-prompt
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e Energy deposited in cone of dR e Missing outer hits > 1

=0.5; <10 GeV
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Detector masks

® Distribution of disappearing
tracks in eta-phi plane in data.

(top)

e Distribution peaks at certain
regions of detector with defects.

® Detector mask to veto the tracks
pointing towards the region with
defects; shown in white (bottom).

i

® Thus, the fiducial selection is
added to the baseline track
definition.
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Kappa calculation

Tag is selected as:
e pr > 30 GeV and 0 < |n| < 2.4
e pass tight lepton ID

Probe is selected as:
o pr > 30 GeV
e |n| < 1.442 or 1.566 < |n| < 2.4
o (IM)tagtprobe — Mz < 15 GeV

tag probe
¢ echa,rge + echarge =0



Search variables
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Probe lepton smearing in simulation

® Resolution of reconstructed
leptons is different from
(1- . t 1( . s=13 TeV, L = 35.9 fb
lsapp car lng racks; EndCap P_(50 - 70) GeV
— Reconstructed (e)
— Disappearing track (e)

y

® Smearing templates are
reconstructed in bins of Pt and
eta. Using response defined as:

Events normalized to unit

reco

P

true

PT

response = logy,

2

Response

® In simulation, the generator
level Pt is considered as true Pt.
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