€ The Signal and Background: LLP
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You will go through event displays containing:

» Signal from LLP as:
» Displaced Vertex + Invisible particles: DV + MET
» Displaced Vertex + Muon: DV + p

» Background: “misreconstructed” tracks or jets, beam/gas collision, cosmic rays etc.
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« . .
€ |nvariant mass: a tool for discovery

From Special Relativity, the energy of a relativistic particle of mass m and momentum p is:
E = \/(pc)? + (mc?2)?

If we use a system where ¢ = 7:
E?2 =p2+m? ->m?=E2?—p?

The quantity m can be calculated for one particle but also for a system of particles. This quantity is
conserved in relativistic interactions.

So, consider e.g. a Z° decaying in two leptons: Z — 1,1, . The mass of the particles should be the same on the
left and on the right:

m(Z) = m(lyly) = VE(L1)? —p(Ll1)?2 > my = V(E1 + Ey)2 — (P + P2)?
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From Special Relativity, the energy of a relativistic particle of mass m and momentum p is:
E = \/(pc)? + (mc?2)?

If we use a system where ¢ = 7
E2=p%2+m? ->m? = E%—p?

The quantity m can be calculated for one particle but also for a system of particles. This quantity is
conserved in relativistic interactions.

So, consider e.g. a Z° decaying in two leptons: Z — 1,1, . The mass of the particles should be the same on the
left and on the right:

m(Z) = m(l1ly) = \/E(l1lz)2 —p(115)? - |my = \/(El + Ez)? — (p1 + p2)?
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From Special Relativity, the energy of a relativistic particle of mass m and momentum p is:
E = \/(pc)? + (mc?2)?

If we use a system where ¢ = 7
E2=p%2+m? ->m? = E%—p?

The quantity m can be calculated for one particle but also for a system of particles. This quantity is
conserved in relativistic interactions.

So, consider e.g. a Z° decaying in two leptons: Z — 1,1, . The mass of the particles should be the same on the
left and on the right:

m(Z) = m(lyl;) = \/E(l1lz)2 —p(115)? - |my = \/(E1 + Ez)? — (p1 + p2)?
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s Stage 1: Displaced vertices
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Webpage : https://www.zooniverse.org/projects/reinforce/new-particle-search-at-cern/classify
(no need to Register)

SIGN IN REGISTER

Language
o New Particle Search at CERN & ABOUT CLASSIFY TALK COLLECT

TASK TUTORIAL

Place a marker on any displaced vertices that you
can see. If you do not see any displaced vertices,
Just click "Done".

FIELD GUIDE

Remember to place marks in both the transversal
(left) and longitudinal (right) views.

Please make sure that you have read the
detailed instructions provided at the help link
below.

.+ Displaced vertex 0 of 0 required drawn

NEED SOME HELP WITH THIS TASK?
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Stage 2: Particle Identification
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This stage uses a web event display called HYPATHIA

] _HELLENIC REPUBLIC _
National and Kapodistrian University of Athens

Particle

The ATLAS detector consists of a series of concentric cylinders mounted so that the
LHC beams collide in its center.

The Inner Detector (grey areas): Records traces of charged particles. Neutral
particles (e.g. photons) pass through the Inner Detector unnoticed.

The electromagnetic calorimeter (green areas) absorbs and measures the energy of
electrons, positrons and photons. The deposited energy is represented by the blue
clusters in the event display.

The hadronic calorimeter (red areas) measures the total energy of hadrons, such as
protons and neutrons, but is irrelevant to the scope of this stage.

Only muons (and neutrinos) have the ability to penetrate the entire detector. The
energetic muons leave little energy in the detectors of the Muon Spectrometer
(outer blue layers).

+ Muon Photol Pho te = Next

@ [rad]
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https://hypatia-app.iasa.gr/Hypatia/?layout=cs2

S Stage 2: Particle Identification
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This stage uses a web event display called HYPATHIA

This will help you to get familiar with:

» ATLAS event displays and measures of charge and pT

» How to explore details in the r-phi and r-z view

> How to identify u/ e /vy /converted y e'e°"°"/__,/

» When interacting with matter, a high energy photon can
transform in a e*e- pair (photo-conversion)

positron
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#<  Stage 3a: Higgs Identification
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This uses a different link from HYPATHIA

Event: 6/20 (359647059/298967) 2016-05-12
ETMiss: 19.45 GeV  g: 1.41 rad

Particle
cluster_2

cluster_1

+ Conv. Photon

Particle

wain_s
cluster_1

cluster_2
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You will go through event displays containing: %E:::t *ﬁi

» Signal from Higgs decay as:
» H - yy: two photons with m(yy) ~ my L
» H - yy*: one photon and one converted with m(yy*) ~ my, t

& The Signal and Background: Higgs

» Background: “misreconstructed” electrons/photons and production from other Standard Model processes

(a) :[x (b) :I:[:
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& The Signal and Background: Higgs
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You will go through event displays containing: %E:::t *ﬁi
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» Signal from Higgs decay as:
» H - yy: two photons with m(yy) ~ my L
» H - yy*: one photon and one converted with m(yy*) ~ my, t

-----------------------

oF- ATLAS Preliminary ¢ Data
s=13TeV,1391b" —

To be more likely to come from a Higgs:
» Photons have to be quite energetic] pT(y)> 50 GeV
» Reconstructed invariant mass should fit a window:
120<m(yy)<130 GeV

H—syy, m, = 125.09 GeV

llllllllll

110 120 130 140 150
m
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You will go through event displays containing: %E:::t *ﬁi

» Signal from Higgs decay as:
» H - yy: two photons with m(yy) ~ my L
» H - yy*: one photon and one converted with m(yy*) ~ my, t

€ The Signal and Background: Higgs

» Background: “misreconstructed” electrons/photons and production from other Standard Model processes

“gluon-gluon fusion” “vector bosons fusion”

g » In some Higgs production mechanisms there are no
> — 1 E H other processes than yy production

» In some other ones, additional jet and tracks can be
iq . H 9 o present

W, 7 4 7
() (e)
“Higgs-strahlung” “ttH”

Bl
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To maximize the outcome of possible H-> yy candidates, ATLAS uses a Machine-Learning algorithm :
> It goes through many (really many!) events and gives a rating to the most signal-like ones
» It can be much more effective than a “traditional” selection based on simple cuts

» ...but only if it is trained: it should learn what a signal has to look like

-> You can help the training by rating the event display !

- You can give to:
Photon ______mly)

pT > 45 GeV 120<m<130 GeV
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To maximize the outcome of possible H-> yy candidates, ATLAS uses a Machine-Learning algorithm :
> It goes through many (really many!) events and gives a rating to the most signal-like ones
» It can be much more effective than a “traditional” selection based on simple cuts

» ...but only if it is trained: it should learn what a signal has to look like

-> You can help the training by rating the event display !

= You can give Rt f g8 fo:

-> You fill tables like this one with m(yy) from 100 events and produce the histogram (invariant mass plot)

- You can declare the mass of the Higgs candidate as Mean + o/n

—> You should be ready to show examples of rating for each category
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https://www.geogebra.org/m/jbxwu8jm
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» Muon selection. To be more likely to come from the signal, it has to:
> be quite energetic: pT > 45 GeV
> “impact parameter” large enough: |dy|>2 mm
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» Muon selection. To be more likely to come from the signal, it has to:
> be quite energetic: pT > 45 GeV
> “impact parameter” large enough: |d,|>2 mm

> DV selection. To be more likely to come from the signal, it has to:
» Be quite fare from the primary vertex: rp, > 140 mm
» ...but not too far not to be confused with cosmics or interactions
with detector material: rp, < 180 mm

The 140<rp, <180 mm region is basically
background-free
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DV +

» Muon selection. To be more likely to come from the signal, it has to:

> be quite energetic: pT > 45 GeV
> “impact parameter” large enough: |dy|>2 mm

> DV selection. To be more likely to come from the signal, it has to:
» Be quite fare from the primary vertex: rp, > 140 mm
» ...but not too far not to be confused with cosmics or interactions

with detector material: rp, < 180 mm

» mp, is the “invariant mass” associated with the DV. It
corresponds to the mass of a parent particle, which decayed into
the particles associated with the DV. A large mp,, reduces the
probability that the muon of the DV originates from interactions

with detector material. Here mp,, > 20 GeV

Events

8_AITILIHEIII IIIII
" Vs=13 TeV, 136 b
L ET™= Trigger Selection

- {n]r-:g:ﬁ .7 TeV, 0.01 ns;:
== (mg)=(1.7 TeV, 0.1 ns) :

61— Full Muon Selection -
- Highestm Presel DV __

T |||||||| T T TTTTIT
- Data | |Heavy Flavor

Fakes| | Cosmics

W =3 Tracks
T {rr|{,11;|=[1 FTeV,1ns) |
; o
S | 227 s s WO
1 10 102 10° 10*
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» Missing energy selection. To be more likely to come from the signal,
it has to:

Charged hadrons from jets

» be quite energetic: MET > 250 GeV

> DV selection. To be more likely to come from the signal, it has to:

» Be quite fare from the primary vertex: rp, > 140 mm

» ...but not too far not to be confused with cosmics or interactions
with detector material: rp, < 180 mm

» mpy is the “invariant mass” associated with the DV. It
corresponds to the mass of a parent particle, which decayed into
the particles associated with the DV. A large mp,, reduces the
probability that the muon of the DV originates from interactions
with detector material. Here mp,, > 20 GeV
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P Stage 3b: LLP Identification
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This uses a different link from HYPATHIA

@ Help
Event: 1/20 (1891445173/302053) 2016-06-15
ETMiss: 131.69 GeV  ¢:-2.00 rad
Mpy: 2.72 GeV Rpy: 65.67 mm
Particle +i- pT[GeV] dp [mm] my[GeV] My, [GeV]

:I 7 -

+ Muon = Delete & Next W
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https://hypatia-app.iasa.gr/Hypatia/?layout=cs3llp

P Stage 3b: LLP Identification
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To maximize the outcome of possible LLP candidates, ATLAS uses a Machine-Learning algorithm :
> It goes through many (really many!) events and gives a rating to the most signal-like ones
» It can be much more effective than a “traditional” selection based on simple cuts

» ...but only if it is trained: it should learn what a signal has to look like

-> You can help the training by rating the event display !

- You can give to:
+f- 0T [GEV]
- |1 33.82
Muon  Jov_

pT > 45 GeV 140<rDV<180 mm or MET > 250 GeV 140<rDV<180 mm
|dO| >2 mm mDV > 20 GeV mDV > 20 GeV

—> All the other ratings have to be justified by you
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LLP in real research
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pog base = [1;

pos . top = [1:

alpha b = Z2.5*degZrad;
nll:hu t = 10*degZrad;
height = 2.0;

radius b = 3.0;

radius t = 1.0;

% base points

angle m b = (2*pi/3)* (i-1) - alpha_ b:
angle p b (Z*p1/3)* (:L 1) + alpha_ b:

[gos(angle m b), sin(angle m b), 0.0];
0.0];

gos base(z*:.,.) = radlus b* [cos(anqle p. b); 51n(aggle p b,
% top points (with a 60 degree offset)

angle m t = (2*pi/3)* (i-1) - alpha .t + 2*pi/é;

angle p t = (2"p.1/'3)' (1 1) + alpha t + 2*pi/6;

pog. top(2*i-1,:
Ros top'(zfsiv,:) = rad.xus t" [cos(anqle ja) t)

height] ;
he:\.ght] g

sin{angle p t)
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ATLAS Background
Vs=13 TeV, 139 fb" w Uncertainty
u-ue, ct. =10 mm —+ Data
N — HNL (5 GeV)
_. — HNL (10 GeV)
SR:C — HNL (15 GeV)
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CMS Prellmlnary

2000 : R

Axnal-veclor medlator
/Dirac DM
/ =10 Z
1400 f 9 =08
gl = rama

1200 o

@
o
o

1600

o

o

o
\,

N

Dark matter mass M, [GeV]

-JIl|LIIJIII{IlllIIJ|IH|III|IJI|HIIII\I‘-

P PRI PRI R Bt
2500 3000 3500 4000 4500
Mediator mass M., [GeV]

N
1500

1 N
500 1000

2000

- Working Experience Week at CERN - 25-29 March 2024

Exclusion at 85% CL

= Observed

= === Expected

Boosted dijet (77 ib”)
JarXiv:1909.04114)

Dijet wi btag (19.7 16 )
[arXiv:1802.06149]

Dijet w/ ISR (18.31b )
[arXiv:1911.03761]
Dijet (35.9-137 fb )
[arXiv:1806.00843]
[arXiv:1911.03947)

DM + ¥(qq) (35.9 1b™)
[arXiv:1712.02345]

DM + y (359107
[arXiv:1810.00196]

DM + Z(Il) (35.9 fb ™)
[arXiv:1711.00431]
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