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OUTLINE

e Usual and Unusual objects
 Categories of unusual-object searches

* Description of some searches
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USUAL OBJECTS

 What do I mean by usual? (in the context of searches)
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USUAL OBJECTS

e What do I mean by usual?

 When I say 'lepton’, you know what I mean
completely.
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USUAL OBJECTS

e What do I mean by usual?

 When I say 'lepton’, you know what I mean
completely.

Mostly it means leptons arising from W/Z decay, or X
BSM, but looking like those from W/Z

v
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USUAL OBJECTS

e What do I mean by usual?

 When I say 'lepton’, you know what I mean
completely.

Eur. Phys. J. C (2016) 76:317 THE EUROPEAN
DOI 10.1140/epjc/s10052-016-4149-y PHYS'CAL JOURNAL c

CrossMark

Regular Article - Experimental Physics

Search for lepton flavour violating decays of heavy resonances
and quantum black holes to an e pair in proton—proton
collisions at /s = 8 TeV
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USUAL OBJECTS

e What do I mean by usual?

 When I say 'lepton’, you know what I mean
completely (or photon, or jet)

PHYSICAL REVIEW D 94, 052012 (2016)

Search for two Higgs bosons in final states containing two photons and two
bottom quarks in proton-proton collisions at 8 TeV

Sourabh Dube ICTS, Bangalore



USUAL OBJECTS

» Additionally, when the final state is known —you
can reasonably state what the major backgrounds

will be.
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USUAL OBJECTS

 Additionally, when the final state is known — you
can reasonably state what the major backgrounds

will be.

Eur. Phys. J. C (2016) 76:317 THE EUROPEAN

DOI 10.1140/epjc/s10052-016-4149-y PHYSICAL JOURNAL C ) CrossMark

Regular Article - Experimental Physics

Search for lepton flavour violating decays of heavy resonances
and quantum black holes to an ey pair in proton—proton
collisions at /s = 8 TeV
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USUAL OBJECTS

» Additionally, when the final state is known —you
can reasonably state what the major backgrounds
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USUAL OBJECTS

» Additionally, when the final state is known —you
can reasonably state what the major backgrounds

will be.

Contents lists available at ScienceDirect

Physics Letters B

www.elsevier.com/locate/physletb

Search for lepton flavour violating decays of the Higgs boson @ Crosehtark
to et and ey in proton-proton collisions at /s =8 TeV
N

Physics Letters B 763 (2016) 472—500
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USUAL OBJECTS

» Additionally, when the final state is known — vou

can reasonably state |
will be.
5”‘ *:J: Contents lists ava
,?é”; Physics

www.elsevier.(

Search for lepton flavour violating decay
to et and ep in proton-proton collision

\ /
N

Physics Letters B 763 (2016) 472—500
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UNUSUAL OBJECTS

o Where lepton, or diphoton (etc.) needs additional
qualifications to be appreciated

(displaced photon, non-isolated leptom, ...)

o Where list of backgrounds needs second thoughts

Sourabh Dube ICTS, Bangalore
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CATEGORIZING UNUSUAL OBJECTS

* Displacement
* Leptons, Photons, Jets
* 'Tets' of leptons, photons
* Long-lived, stopped, disappearing
* Charge (Fractional, Large,...)

e Others
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CATEGORIZING UNUSUAL OBJECTS

gearcnes
* Displacement

* Leptons, Photons, Jets
* 'Tets' of leptons, photons
* Long-lived, stopped, disappearing
* Charge (Fractional, Large,...)

e Others
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CDF PARTICLE PRODUCTION
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Phys.Rev.D79:112005,2009;
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CDF PARTICLE PRODUCTION
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Phys.Rev.D79:112005,2009;
Erratum-ibid.D82:119903,2010
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ODD TRACKS 1033016

Track pr Differential Cross section
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ODD TRACKS 1033016

Track pr Differential Cross section
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Meade, Papucci, Volansky:
New Odd Tracks (NOTs)

e Kinks

Displaced vertices
Anomalous dE/dx

Anomalous timing

Intermittent hits

Anomalous curvature

Stub tracks

ICTS, Bangalore
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ODD TRACKS

Track pr Differential Cross section
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https://astrobites.org/2016/08/02/leaving-on-a-jet-stream/
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FRACTIONALLY CHARGED PARTICLES

1210.2311

Look for massive fermions L, with charge q =2¢/3, ¢/3

Neutral under SU@3)¢, SU(2)1, — couple only to photon, Z

These are isolated tracks in the detector (use the tracker) —
but with anomalously low ionization energy losses.
Use dE/dx (signal amplitude/path length) in det. Module (oc g2)

Trigger: Use a single muon trigger with pT>40 GeV
(But this 40 GeV is for |q|=1 particles)... so threshold is

L2/3 (27 GeV), L1/3 (13 GeV)

Backgrounds?

Sourabh Dube ICTS, Bangalore
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FRACTIONALLY CHARGED PARTICLES

1210.2311

Cosmics

CLK

Signal

In time

Longitudinal Signal 5
IP out of

time

Sourabh Dube ICTS, Bangalore
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FRACTIONALLY CHARGED PARTICLES

1210.2311
3 collisions
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HEAVY STABLE CHARGED PARTICLES

1305.0491

Look for anomalously large dE/dx
Heavy particles, v less than c

Lepton-like or hadron-like

Sourabh Dube ICTS, Bangalore



25
HEAVY STABLE CHARGED PARTICLES

1305.0491

CMS (s=8TeV.L=18.81h"

Look for anomalously large dE/dx ’Lé;‘ 205 E Eoaa-sey) | C

Heavy particles, v less than ¢ % 181 b 5 ’""8 S S o ave

, , S 16F 3 -l MC:Q=2/3 400 GeV/c? ]
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- 14 | ~

. . 121 =

I, is dE/dx estimator, 1ok :

TOF gives B =1+ cd;/L 8- .

6 -

Backgrounds from random fluctuations 4 H:

: .. 2 —

in measured energy depositions, — . e

timings of SM particles 0 500 1000
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LARGE CHARGE PARTICLES

Magnetic monopoles!
In terms of ionization loss, q=68e

ATLAS makes use of its TRT and uses HT (high threshold) hits
HT ionization = 3 x MIP

Dedicated Trigger
Calorimeter + TRT HT hits (total and fraction of total)

Sourabh Dube ICTS, Bangalore
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LARGE CHARGE PARTICLES
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(fraction of total energy contained in most energetic cells)
Sourabh Dube ICTS, Bangalore
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LARGE CHARGE PARTICLES
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29
DISAPPEARING TRACKS

1310.3675, 1411.6006

Charged particle daughters are unobservable... the track disappears

~0_+
X1 — X7

If the chargino and neutralino are close in mass, the pion is soft

50 GeV prompt/isolated track, with < 10 GeV deposit in calorimeter

This track has missing outer hits in the tracker

Trigger on ISR jet + MET (the track is not reconstructed as anything)

Sourabh Dube ICTS, Bangalore
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DISAPPEARING TRACKS

1310.3675, 1411.6006

Trigger on ISR jet + MET (the track is not reconstructed as anything)

Backgrounds are thus QCD multijet + inefficient ele, mu, tau recon.

/\ T =Tt p

Electron that brems hard Charged hadron loses charge

Reduce multijet as usual (no b2b jets, MET not aligned with j1/j2)

Estimate others by control region X inefficency

Sourabh Dube ICTS, Bangalore



DISPLACED JETS

Long lived neutral particle decaying to qq

Long lived gluino/neutralino decay 10,

Signature: jets emanating from a displaced vertex

v

1411.6530, 1610.05133, ....

Sourabh Dube ICTS, Bangalore
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Sourabh Dube

DISPLACED JETS

Dedicated displaced jet trigger:
Calo jets with H selection. Must have associated

displaced tracks, carrying most of the jet's energy

Require HT > 325, with two 60-GeV jets P
Displaced tracks from both jets fitted to one vertex
Secvtx away from pvtx (LXySig > 8)

In addition, construct likelihood discriminant from
e Secvtx Ntracks

e Cluster Ntracks

o RMS Lytk, wor.t Ly,

* Pointing of secvtx tracks vs dijet momentum

ICTS, Bangalore
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DISPLACED JETS

a 17pb” (B TeV) 17 pb™ (8 TeV)
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DISPLACED JETS

1610.05133

Pair produced long-lived gluino

Look for a pair of jets, each from a displaced vtx
Trigger on 4 calojets (60 GeV)

Sourabh Dube ICTS, Bangalore
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35
DISPLACED JETS

1610.05133

Pair produced long-lived gluino %

Look for a pair of jets, each from a displaced vtx P
Trigger on 4 calojets (60 GeV)

CMS Simuilation 176" (8 TeV
FT 17T TTTTTTTTTT |III|III|III|III

L=

e S St
B Multiiet events ]
Hy>500 GeV Sof Pl Eie
Form disp. vertices from disp. tracks, with g | S _
requirements to ensure jets have disp tracks m
Require =2 displaced vertices .
Require large separation between them B S ]
10" =

dVV > 600 mMm 1S Signal I‘GgiOl’l 0 0204 0608 1 12 14 16 1 '5';0

dyyy (Mmm)
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1610.05133

DISPLACED JETS

Use one-vtx events to build a template for

distance between two vertices

10°

2y

e . cT=1mm M=400GeV 3

CMS 17.6 fb” (8 TeV)
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dgy, (mm)
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Sourabh Dube

DISPLACED LEPTONS

N \ /

P P P

1411.6977, 1504.05162, ... 1409.0746, 1212.5409, ...

ICTS, Bangalore
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DISPLACED LEPTONS

1411.6977, 1504.05162, ...

H— XX, X = (T

§— g\ X — Ty

Sourabh Dube ICTS, Bangalore

N

38



39
1411.6977, 1504.05162 D I S PLAC E D LE PTO NS

H— XX, X — 0t 2
i Ag

§—qx, X — (v ,.
p : p

Select isolated OS dimuons (26/26), dielectrons (40/25) with large impact
parameters, and consistent with emerging from one vertex.
Backgrounds are SM dilepton which appear displaced due to resolution issues

Require Mj; > 15 GeV

Require Ap < mt/2 for signal (invert for control sample)
Use impact parameter significance to scale control to signal region

Sourabh Dube ICTS, Bangalore
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DISPLACED LEPTON-JETS

1409.0746, 1212.5409, ... \

Light (boosted) dark photons decaying to pair of
electrons or muons or pions

P P
Signal studied using L] gun MC generator
L) TYPEO L] TYPE1 L) TYPE2
a , ID
EMCAL
B8 HCAL
B M5

Sourabh Dube ICTS, Bangalore



DISPLACED LEPTON-JETS

1409.0746, 1212.5409,
Electron/pion clustered using antikt4 algorithm \ /

Then muons, jets clustered into L] using fixed
cone algorithm (R=0.5)

L) TYPEO LJ TYPE1 LJ TYPE2
» J ID
EMCAL
B HCAL
B MS

Sourabh Dube ICTS, Bangalore
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42
DISPLACED LEPTON-JETS
1409.0746, 1212.5409, ...
Require 2 L]'s per event \ /
Require large azimuthal separation (Ag>1)

Background for LJo is cosmics (use IP cuts)
Background for LJ2 is multijet (use isolation)
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43
ISOLATED+NONISOLATED MUONS

. ‘ 1308.4075
Require one loosely isolated hard muon

(pT>100 GeV, 1s0<20%),
+ one other muon of same charge as first one
(no requirements on isolation, or IP)

Sourabh Dube ICTS, Bangalore
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ISOLATED+NONISOLATED MUONS

. ‘ 1308.4075
Require one loosely isolated hard muon

(pT>100 GeV, 1s0<20%),
+ one other muon of same charge as first one

(no requirements on isolation, or IP)

+ many tracks (10 GeV each) P
a . | ATLAS -
£ m%E-L' |Lot=203mp*  ° Dam E
2 = ‘“-.-, S ] n+fake 3
ST - s=8 TeV i ]

= > Diboson 3
C — Signal m
108 E
g 2F |
= C
(] o
of

50 60
Ntrk
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ISOLATED+NONISOLATED MUONS

Require one loosely isolated hard muon
(pT>100 GeV, 1s0<20%),

+ one other muon of same charge as first one

(no requirements on isolation, or IP)

+ many tracks (10 GeV each)
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ISOLATED+NONISOLATED MUONS

Require one loosely isolated hard muon
(pT>100 GeV, 1s0<20%),

+ one other muon of same charge as first one

(no requirements on isolation, or IP)

+ many tracks (10 GeV each)
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No BSM YET....

» We should keep expanding list of signatures

» Experimentalists are imaginative...

* But sometimes need theory to motivate a
signature... even if it sounds far-fetched!

Sourabh Dube ICTS, Bangalore

47



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47

