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A proton-proton collision event (cartoon)
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A proton-proton collision event (full glory)
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A proton-proton collision event (full glory)
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Hard scattering

= Inelastic collisions are dominated by soft interactions. Occasionally, we get a hard scatter:

J§ = W bR,

= X;,X; = momentum fraction of partons in protons

= Since the partons only carry a fraction of their parent hadron’s momentum, the available centre-
of-mass energy squared \$ is less than the overall hadron-hadron collision energy s

= The hard interaction can be described by perturbative QCD:

ab,

2= [l((]'j'l‘]-rffu(-rl : (-)\.)2).1(.!1(-"'2‘ (JQ)EE:.’J(-I'U- -"h)

= Hard scattering cross section for kth sub-process between partons a and b
= f,p are the parton distribution functions of partons a,b
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Hard scattering to jets

= The hard scattering can produce e.g. leptons or hadrons
produced from the fragmentation of partons

= The blue part are the jets: collimated set of hadrons
produced from the fragmentation of the partons

emerging from the hard interaction — this is what the
detector sees

= In general:
= Cross sections are symmetric in azimuthal angle (¢)
= X;#X; — The event is boosted along the beam axis
« Difference from e*e” machines
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Jet kinematics: py

= Use jet py (or E7) to discriminate between hard interaction
and soft part

= large momentum transfer = small distances = hard
scattering

= large transverse energies are signal for hard
interaction:

« E;=E sin 0, E=energy in calorimeter

= large energies instead do not imply hard scattering: beam
remnants have huge energies but have not undergone
hard scattering...
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Jet kinematics: y and n

= Angular separations in 8 are not invariant under longitudinal boosts: a given set of hadrons will
appear more collimated depending on the boost. To treat equivalently partons with same p+
but different boost — use rapidity y

1 E+p,

Y==n T,

2 =

= Y is additive under Lorentz transformation, corresponding to a boost in the z direction: rapidity
differences are boost invariant

= In practice, use pseudorapidity variable n, as this is what is measured in the detector. y and n

coincide in the limit m—0
|]:O Ji

n=-1 i n=1 n=-1In ll_tnll::!
8 i e -
it o~ n=06=9 n=1:60~40
X TN F2.5
----------- R el N=2560~10 n="5: 6 ~0.8
AR is invariant — a : — .
AR = '\/(’7: =1, )2 i (¢, - ¢j )2 gOOd variable to Particle and jet kinematics

are specified using py, n

assemble jet fragments (ory), ¢ 52
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Buzz word #5
Underlying event!

Pirsa: 23060058



The underlying event (UE)

= Underlying event (UE): is the soft part associated
with the hard scattering

= Everything except the two outgoing hard
scattered jets but has some correlations with
the hard scatter

= Contains hard components: e.qg. initial/final
state radiation, additional parton interactions
(becomes significant at LHC)

= Contains soft components: Beam-beam
remnants

= UE: cannot be described by pQCD
= Phenomenological models, tuned with LHC data
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The underlying event (UE)

= Must understand the UE as it is an important “background” to jets and missing transverse energy E;™s (= negative of the
vector sum of the calorimeter E;)

= generates E; flow around the hard scatter (shifting up the signal)

= 35 el REAsY RRSAS RELLS RERARS RLEAD II RRRAS
= generates fake jets not related to the hard scatter & TF ATLAS syst. @ stat. error]
7 . i H -1 -
= distorts the E;™ss resolution 5 3 ﬁ;?,,{?," 32 b Bg-:?hiog}gthias—'
= Can study UE by looking at region transverse to the hard scatter axis 3'5._ ----- Sherpa .
= Tune Monte Carlo event generators to data g 25 - HendgEt —
A" -
Distributions sensitive to underlying event in inclusive Z-boson production ¢ E
Toward 15 ° _:
Avg. X py for charged particles ‘ .
per unit area in n-¢ in
< = paaan Trans-min region (region with
-~
B P small scalar sum of charged-
3 R, 7 3 particle py) as a function of Z
$ ~ Lo o boson py
c:n /\ ~ 3 e
©
& /W @ s
~ e ~ ) o
o ~
et ~
ey Eur. Phys. J. C 79 (2019) 666 55

Pirsa: 23060058 Page 11/51



Pirsa:

SOME DETECTOR PHYSICS

00000000

56



Particle Detectors: how do they work?

Collider detector: Want to tell the difference between:

Charged (e.g. ) and neutral (e.g. neutrons) particles
Electromagnetic (e.g. e,y) and hadronic (e.g. protons)
Is it a muon?

Tracking Electromagnetic Hadron Muen
charmber calorimeter  calarireter chamber

Innermost Layer.,, =3 . Outermest Layer
Detector's role: to identify a particle's type, energy/momentum, provenance.
57
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Particle interactions in a detector
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The ATLAS Detector

ATLAS is
= ... a detector capable of identifying the
particles produced in pp collisions
= ~80 m underground
= As tall as a 7 storey building! = : |
= 25 m diameter LLLT N N L ,"
= Total length 44 m e i - —s B L

= Weight of 7000 Tons ... Same as
wrought iron of Eiffel Tower:

©ATLAS, CERN
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7,000 Il Administrator/other

I Engineer with PhD
Engineer without PhD

I Engineering student

Il Physicist

[ Physics PhD student

Il Physics masters/diploma
student

B Technician or equivalent
Il Undergraduate/summer student

Active members

AT AS

EXPERIMENT SSE Ml g

O a8 B W o ol ol B o oah b B S o ® @ il Xl okl ad® o® ® o o ® a8 a8 N N g ot
A 0\ g et N aWE W VR gV gV g\ g\ 0 N g o g ot gt ot o o o o ot i R g o e o
B e e %™ SR e N o e B 0 e e e T e M P e e o e e e e e T o

Month

Seanu: jure 3012

ATLAS is

= ... a collaboration of nearly 6000
physicists/students/engineers/technicians working
at ~40 different countries and ~100 nationalities
(~1200 PhD students!)

e
i < Over 5900 members of 103 nationalities
e ?
i e (el 60
Page 16/51

Pirsa: 23060058



Electrons: electromagnetic showers in the calorimeter
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Frac E deposit per Xo
(1/Ey)dE/dt
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t = depth in radiation lengths

t=x/X,

High-energy electrons lose energy
mainly by bremsstrahlung

X, (radiation length) mean distance over

which electron loses all but 1/e of its
energy due to brem:
X,(Pb) = 6.37 g/cm? or ~0.6 cm

t.,ax (Shower maximum) ~5 X, for Pb

Shower depth scales with X,:
95% containment
Lo.o5(X,)=tax+0.08 Z+9.6

e.g. Loos(Pb) ~20 X,

Lateral shower size characterized by
Moliere radius p,, = 7A/Z g/cm?

95% of shower is contained in cylinder
of 1 Moliére radius

* p,(Pb) = 17.6 g/cm? = 3 X,

61

Page 17/51



EM sampling calorimeter

ATLAS uses a sampling calorimeter: samples the progression of an electromagnetic shower
and infers properties from shower width, depth, and where the energy is deposited

e
A e
=) ;»S“)‘»}->
I W —
Il N -
| N — &
— \<§
W R
=) NN
0

7
T e' L4 Izv" '2 '2? '.3)[)[3

Characteristics of electrons and photons in ATLAS
= Narrow showers, well contained in the electromagnetic calorimeter

= Not much variation in the shower properties (lateral, longitudinal) on an event-by-event
basis, for an electron/photon of a given energy

62
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EM sampling calorimeter

ATLAS uses a sampling calorimeter: samples the progression of an electromagnetic shower
and infers properties from shower width, depth, and where the energy is deposited
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Characteristics of electrons and photons in ATLAS
= Narrow showers, well contained in the electromagnetic calorimeter

= Not much variation in the shower properties (lateral, longitudinal) on an event-by-event
basis, for an electron/photon of a given energy
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EM sampling calorimeter

ATLAS uses a sampling calorimeter: samples the progression of an electromagnetic shower
and infers properties from shower width, depth, and where the energy is deposited
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Characteristics of electrons and photons in ATLAS
= Narrow showers, well contained in the electromagnetic calorimeter

= Not much variation in the shower properties (lateral, longitudinal) on an event-by-event
basis, for an electron/photon of a given energy
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Calibrating the EM calorimeter

= Nature made some very nice resonances that have been measured very precisely!

Standard candles!

= Our calorimeters better give consistent values!

Pirsa: 23060058
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Jets: hadronic showers
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More complex than EM showers
= Visible EM O(50%)
€%y, 0oy
= Vvisible non-EM 0(25%)
= ionization of n*, p, u*
= invisible O(25%)
= huclear break-up & excitation
= escaped O(2%)
Only part of visible energy sampled

Nuclear interaction length is the characteristic distance for hadronic interactions (mean
distance travelled by a hadronic particle before undergoing an inelastic nuclear interaction)

= MFe) = 132g/cm? or 17 cm
Shower maximum t.,, ~ 0.6 In E(GeV) - 0.2
st (100GeV jet) ~ 2.54
Depth for 95% containment
L0 ~ t . + 4E%1> (GeV) ~ 10X for 100 GeV jet
Radius for 95% containment
s RxA
Hadronic showers are much wider and penetrating than EM showers 64
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Where is the jet energy deposited ?

et EM energy
PS
EM1

EM2
EM3

Tilel
Tike2+4Tied

-h
[~
J

Central calorimeter
region

eydnoy

Ereco/Etruth
Er 40 ¢

06 Much of the jet energy is

w
Had \ deposited in EM compartments
0.4 . mmmmw%wﬁé

e p _IlllllllllllllllllIIllIIIlIIIlIlIII]III
200 400 600 800 1000 1200 1400 1600 1800 2000

Jet Energy (GeV)

Makes sense since much of the hadronic shower is EM in nature! However,
there are enormous fluctuations of an event-by-event basis.
65
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Old simulation for illustration

Composition of the jets § 2sp
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Old simulation for illustration

craCk5’ dead ":_I‘_ rrrgrnagrla[]r | Eree’Euc Vs Eta 550.0<E<750.0 I lE_EMCVsEta_EBIn18_phx
material ol Brye e Tl —]Enwrios 11370
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ul et iciaMs 1617
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Argon Calorimeters

Hadronic Liquid Argon
EndCap Calorimeters .

&)  Transition regions 2

ATLAS analysers need to correct for these losses before il
data can be useful to outside world. Good simulation of the
detector is essential! This is why “raw data” is useless to .

the outside world!

Pirsa: 23060058

s ATLAS has a lot of “"dead material” and cracks: does not
record energy deposit.

needed to support the experiment
cryostats to contain cryogenic liquids

cables to bring voltage to the detector and take
signals out of the detector

Important to know it to reconstruct total energy deposit
in detector

The variation of jet energy response as a function of
pseudorapidity is up to 30%

67
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Jet reconstruction
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“calorimeter jet”

“parton jet”

“particle jet”

CH

FH

. Reconstr

Jet reconstruction: use e.q. the calorimeter
signals to determine the kinematics of the
particle jet or parton jet (depending on where we
want to do theory-data comparison)

Parton jet, Particle jet, Calorimeter jets obtained
running the same jet clustering algorithm on
partons, stable particles after fragmentation or
calorimeter signal.

Need to gather clusters of energy in the
calorimeters, calibrate them, take into account
corrections to go calorimeter jet — particle jet —
parton jet

68
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Old representation for illustration

Jet Reconstruction and Calibration

= Examples of contributions to the jet signal:

[ longitudinal energy leakage 3
detector signal inefficiencies (dead channels, HV...)
pile-up noise from (off-time) bunch crossings o
electronic noise S
calo signal definition (clustering, noise suppression ,...) :
dead material losses (front, cracks, transitions...) .
detector response characteristics (e/h # 1) R
Jjet reconstruction algorithm efficiency ’

jet reconstruction algorithm efficiency . Iq g
added tracks from in-time (same trigger) pile-up event ‘ !
added tracks from underlying event l I
lost soft tracks due to magnetic field / <GmmE—

physics reaction of interest (parton level)

aui |

parton Jjet

s
_o/
s

Try to address reconstruction and calibration through different levels of factorisation

69
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“Invisible” particles y

= Real sources of missing energy!

= Neutrinos!

= W-pnv, Higgs (H->WW, H—11)

= Understand well your SM processes!
m Fake sources of missing energy!

= Broken detector components

= Holes in your detector acceptance

= Know (simulate) well your detector!

= Look at activity in the transverse plane where no (little)
net activity expected

> <<

Z

Longitudinal Transverse 70
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Missing transverse energy/momentum iy ®

Transuerse

E,™iss (MET)
ERS = D, Pxni— D, Pxoni-

Flasttang

= E;™ss: momentum imbalance in transverse plane i< {bard objects) je{soft signals) Moces N,
= Negative vectorial sum of everything detected in event! \ /"
Emiss — jets e M softstuff miss _ miss 2 miss |2 I
EXoy = —(Exoy t Expn + + Ex(y) + Eoy t Ex ) EX \/( ) S ] I
-"!'c;r.m
= Soft stuff: other objects associated with primary vertex but not to any hard object above
_ B. Liu
= Performance benchmarked based on different SM samples:
= No “real” E{miss: Z—)up With “real” E;™ss : W—ev
g : ATU‘S I I Ic Data 2015I g 10° ATILAS I I I ¢ DalazOIS 1 ,% 10,” llITLAS': T [ I I ¢ Data 5015 E
{g Z—up [ g 10% - Z—up Bz u . mr) 10" = Woev Ow-ev -
o Vs=13TeV,3.210" | o +F Vs=13Tev, 321" T 3 N Y0k Vs=13Tev, 321" CIMuttiet -
'% Powheg+Pythia MC 0z % 107E" Powheg+Pythia MC Oz 2 ?ie 105 Powheg+Pylhia MC 1 ullje ]
i e 11 1 7T o) @ =
] . > [l Diboson & 10' Wl Diboson 5 & 107 > Bz e -
Z ““ [Msingle t 107 single t 5| 10° W ev B Diboson ;
T ]MC uncertainty. 10? [ MC uncarlnmty.a" 10° Osingle t i
10° _!‘—' 104 [Mc uncerlaimy_;
5 3 10° 2
10 s 102 3
10 10 4
1
P PRI B I SRR SR A e S L | 1r|
Q 14 ¥ L 14F O 14
%1'21++++¢..0t.o. . +_ .§§1ﬁh+++ ..o‘.oo..¢++*+—g %1.21 ooooooo.'+ 4 3
di N Y ST ] R
0.6 0.6 | 0.6 =
-150 =100 -50 O 50 100 150 -150 -100 -50 © 50 100 150 100 200 300 400 500 600 700 800 900 1000
E™S [GeV] E}"** [GeV] ET™ [GeV)
= No “new physics” unless E;™ss well understood! Eur. Phys. 1. C 78 (2018) 903 71
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Atoms

Dark Matter: how can we see 4.6% .
something that we can’t “"see”? Dark 2%
Matter
23%

= Dark Matter is thought to be “weakly interacting”
= Doesn't emit light and doesn't interact with most of the fundamental forces.

MNASA/WMAP Science Team

= Even if we can't see it, it can have an effect on other particles, through the conservation of fundamental laws of physics
like conservation of energy and momentum.

O © O O

Proton Proton Proton Proton

= Can look for particles that seem to recoil against nothing

= One example of a search for Dark Matter... -
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ATLAS ... .

Event: 2546139368 T

EXPERIMENT  2017-10-05 10:36:30 cEST  jet p, =

No Dark Matter observed yet
at LHC.

Candidate DaFk Matter: production of a monojet
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. - > &
Excluding all plausible causes for such events... ' DD YOU [NOLT?
L b
neutrinos ) '
= Nature already produces particles that “we can't see”! | pass through g N

= Neutrinos v (e.g. produced in the Sun but also in LHC collisions) paish Y ' 3? A
= Momentum in the transverse plane of the recoiling “"something” . <
—— ‘Something’ (jet)

—

% 107 ATLAS Whatwesee ——» 4 paa

0] Vs =13TeV, 139 fb" ~S3 Standard Model w. unc. O

» 10° E Signal Region O v)ejets

,,g 10 g 153 . Aibar aanirs | VBF 25 1/ vv) + jels /

o 5 pT(]1) & e tells us we W(—= Iv) + jets

Lﬁ 10 should see VBF W(— Iv] + jets ( ) > ( )
tf + single top

10* Diboson Proton Proton

[0 Multijet + NCB
== m({i, %) = (600, 580) GeV

m(x, ZA) = (1, 2000) GeV
==== DE, M2= 1486 GeV

’ \
'

Neutrino v

1
0 BFeeenalilums : Transverse plane

raranar

R B i bkl X s .
ET T T T T T T T We don't see anything “extra” beyond what our
= | Af s Rel DO 2RI LIZ00E [ interpretation of Nature (*Standard Model’) tells
E 1; -, e ] %%ifé .......... ._; us we should see,
a g-g;j:f:“ﬁéié}é“nd'a}iéé'éﬁ%i{”“i“'b‘a}é}éﬁa&iéé“é#i;'éé'i&""':' ] Total Uncertainty f'
200 400 600 800 1000 p’°1§'0[?3evl No Dark Matter observed yet at LHC.
T 74
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Exciting sources of
“Invisible” particles... N

Many exciting beyond SM physics predict new particle that
don't interact with the detector
= p-p collision: chain of SUSY & SM particles
= Signhature

« Jets from quarks

=« Leptons

« Missing energy from the LSP (neutralino)
= A “typical” SUSY event: six jets, two muons (not visible

because they exited the detector in the forward direction),
missing energy

= Typical signature for extra dimensions:
= A single jet recoiling against nothing (escaping

Jet of particles
graviton)! %
= Jet + lots of missing energy qq —> gG

o 0

_) G ‘e
Both cases: something escapes undetected! 964 i
880 L, 7
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Much sought-after: Supersymmetry

= Supersymmetric (SUSY) theory predicts a relationship between matter particles and force carriers. Every
fundamental matter particle should have a massive force carrier “super” partner particle, and vice-versa

= Counterparts to quarks, leptons — squarks, sleptons etc... with different charge, spin...
= In one version of this theory, the lightest member of the SUSY family is the neutralino 7
= Neutralinos would have mass (but incredibly difficult to detect). Stable.
= Could be a candidate for missing dark matter in the universe!
Partlcle

L
) q

Supersymmetric
particles

“Democratic” production of SM and SUSY particles in pp collisions

76
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Search for long-lived particles: SUSY interpretations

Looking for: stopped gluinos long-lived charginos

Stopped long-lived
particle

Large out-of-time
energy deposits

Disappearing track
early in inner detector
+ no calo activity

Chargino z;—L decaying

Gluinos f0[m'”9f§)' to neutralino 7§ + pion
hadrons, §—qg¥; - 77
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ATL-PHYS-PUB-2022-013

Full long-lived particle programme covers extensive range of possibilities...

Constraints on gluino mass vs. lifetime Constraints on chargino mass vs. lifetime
_ § (R-hadron) > qq %, ; M) = 100 GeV March 2022 TN~ 7 %N March 2022
=> | @ RPCOL2-6 jetsarxiv:i712.02332 (Ys=13 TeV, 36 fb’) imi > B 136 fb™', Vs=13 TeV e imi
8 3000 | —@— RPC 0L 2-6 jets ATLAS-CONF-2018-003 (Ys=13 TeV, 36 fb) ATL.‘:-)S_ Ere“ml?aéy 8 1600 B Disappearing track arxiv:2201.02472 ot ExDeCtEd “_ml_ts
O, i Displaced verticesarxiv:171004901 (Y3=13 TeV, 33 f ) Xpecie — N 361 {5213 TeV —e— Observed limits
/o> i Pixel dE/dx CERN-EP-2022-029 (5=13 TeV, 139 fb”) —e— Observed| « _ - kgl S; e 95% CL limits
= —@— Stable chargedarxiv:1902.01636 (Ys=13 TeV, 36 fb) e > 1400 — @ eicTErgad LenvIie 01610 oSUSY not included
p B Stopped gluinoarxiv:2104.03050 (Ys=13 TeV, 103 fb) 95% CL limits £ B 139 fb™" V5=13 TeV theory
G 2500 c C : 1S
= B . . bt o) 9 2 00 Pixel dE/dx CERN-EP-2022-029
s - ; L e i E - ATLAS Preliminary : = e B
E [ i . i == B ; .
2 e ;  desmecsssmcacosTTawage & 1000 i P
S 2000+ ; o 3 - I
L : — 800 b
- | X P
1500 |- | ; pOOI=
- 400 [-
[~ i 1 H — N = :
Bt ; L ) L i
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PHYSICS: AT LHC AND OTHER PLACES...

79

irsa: 23060058 Page 37/51



Measurement of the Higgs boson mass in the H— 274 and H—-yy
channels with vs=13 TeV pp collisions using the ATLAS detector

To measure...

= We study with precision the properties of known particles, to look for deviations from the theoretical predictions.
"We measured the properties of this particle with precision, and it agreed with theoretical predictions”

Mass of the Higgs boson

L S P . W | | L O U
ATLAS ~-Total | | Stat. only
S Run 1. Vs = 7-8 TeV, 25 fb”', Run 2: El= 13 TeV, 36.1 fb”' Total  (Stat. only)
;8 Run 1 H—4/ — 124.51+0.52 ( +0.52) GeV
S Run1H-yy ———e————  126.02 £ 0.51 ( £ 0.43) GeV
g Run 2 H—4! o—ol—l 124.79 + 0.37 ( £ 0.36) GeV
o Run 2 H-yy ———l 124.93 £ 0.40 ( £ 0.21) GeV
% Runthﬁw L ._._.|' B 124711030(1030) Gev .
RN e S [E=is e moa
CU Run 1Combined —— 125.38 £ 0.41 ( £ 0.37) GeV
E Run 2 Combined —— 124.86 + 0.27 ( +0.18) GeV
3| mmnecmimes b e oo
8 ATLAS + CMS Run 1 —— 125.09 £ 0.24 ( £ 0.21) GeV
= o ooy b b b by by
= 123 124 25 126 127 128
Mass of the known particle My {Gey] 80
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Candidate HH — bbyy

Two /solated vy
Two b-tagged jets

Run: 329964
Event: 796155578
2017-07-17 23:58:15 CEST
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Some basic features of collision events...

Jet of hadrons

~ o~
“
~/~
Ny
e

A

And all of this is embedded in magnetic fields for charged-particle bending...

Pirsa: 23060058
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Calorimeters

\

Muon spectrometer
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What kind of physics might you see at the LHC?

Parton distribution
functions of the
proton (pdf)

X1,X; = momentum
fraction of partons

Thanks to:
desy.de, hepdata.cedar.ac.uk
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Perturbative QCD 7 1%
i.e. Standard Model /Y

Parton distribution
functions of the

proton (pdf)
X1,X; = momentum (+ other
diags...)

fraction of partons 104 1 X q q 104 1

Hard scattering between
partons of flavour g and q

Thanks to: 84
desy.de, hepdata.cedar.ac.uk
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Detecting Standard-Model particles

Massive SM particles decay “immediately” to lighter, more stable particles like electrons, muons, photons

W(” uv)#7Candidate

+ # Candidate

Muon detectors ~
Hadronic calorimeter
Electromagnetic calo.

Tracking detectors

W,Z are the carriers
of the electroweak
force! Half life of

~3x10%° s
Run16/%/6 Eventl66138878 Run 167607 Event 28797604
Date 2010-10-28 10:56:32°UTC Date 2010:10-25 05:01:44@ESTH
proton-proton collision - W (— uv) or Z (— ee) + a photon 85
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Perturbative QCD 2 1%
i.e. Standard Model /Y

Parton distribution
functions of the

proton (pdf)

(+ other

Xq,X; = momentum - )
fraction of partons 104 1 ™ q q b 104 1 X2

Hard scattering between

partons of flavour g and q
Thanks to: 86

desy.de, hepdata.cedar.ac.uk

Pirsa: 23060058 Page 44/51



Search for high-mass dilepton resonances using 139fb—1 of pp

Beyond the SM? collision data collected at vs=13TeV with the ATLAS detector

New Physics
Processes?
: X
+ 10-4 1 X1 e.g. searches for new o 37 Xy
= dilepton resonances
EOF amas Ceom T TS
& 10°F 5=13Tev.139f0" AR o . NERSRRESEE
108 Dimuon search selection E'gf;"}".w k E‘ ATLAS
" Zatn  § x 10 Vs =13 TeV, 139 fo!
_ 10 —z,uten Y o
M 103 —Z,i5TeV) d b— L X—=l
10% i. oy 1 Al
10 E' 4 .L‘ . E E
|!- -LI e -
0k Sy I
10 2;. 1 | 10 E’—_
o o e B
5?1-45.' ..................................... ! [ RNy 3 10-2__ —— Observed limit at I'/m = 10%
8 1.2F *Nu N E oo Expocted limit at [/m = 10%
3 g ae o L WL SR A S - E relime == Tlim= — e T
a 0.51:_ "ﬂ'ﬂ ,* ¢ F T/im = 3% I 0% 2’4 Model
0sf Y } LS 1000 2000 3000 4000 5000 6000
2¢10° 100 2«10 m, (GeV) m, [GeV] 87
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Search for high-mass dilepton resonances using 139fb—1 of pp

Beyond the SM? collision data collected at vs=13TeV with the ATLAS detector
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EXPERIMENT

My experience as a woman In science has been extremely
positive, which doesn't always mean easy. Women have great deal
of resilience and this is a fundamental resource that allows us to
succeed through adversities. I am proud of being a woman in
science especially when observing and admiring the achievements
and success and capabilities of my female colleagues.

Physics Coordinator

Pamela Ferrari
Chief of Research, Nikhef
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How to interpret the data?

Particles are created as a result of the proton collisions
Each layer of our detector provides a piece of the puzzle
Because colliding “bags of bags of marbles”:

= Interpretation is challenging!

= Filter out uninteresting part of the “event”
Most “interesting particles” never make it to detector!

= Decay so quickly! Only see what that they decay to...

= Use laws of physics to infer what happened

« Can deduce the mass of the Higgs

[Neutran

particleadventure.org 89
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How to interpret the data?

Particles are created as a result of the proton collisions
Each layer of our detector provides a piece of the puzzle
Because colliding “bags of bags of marbles”:

= Interpretation is challenging!

= Filter out uninteresting part of the “event”
Most “interesting particles” never make it to detector!

= Decay so quickly! Only see what that they decay to... , &
= Use laws of physics to infer what happened o=~ J;’
=« Can deduce the mass of the Higgs 4 N
',—7‘\\ ,’l
| Here lies the Higgs... @ o

]J.
1
\\\ et
: \
1 ., AHiggs
/‘/ " was here
' (with mass
l_,l,+ my)
€ 89
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The Higgs signal

H—>ZZ—4l

> 35 | T T | T T T | T T l T T T I T T I ]
R - {s=7Tev | Ldt=483f" ATLAS Preliminary
v 30 ; = .
2 - {s=8TeV | Ldt=2065f " H-zz"aichanfel I Note the quite clean
S b 4 channel!
w - (| Signal (mH=125 GeV) ]
E I Background 22" E
20— I Background Z+jets, tt B‘_ackground under the
- = [iafa Higgs peak:
15—
- SM signal strength
10F- L +7
- + Zjet
-
E n
=1 10
o
o
$ 0
©
m
s -0
a 100 120 140 160 180 200
M, [GeV]
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The Higgs signal

H—>ZZ—4l

> = -
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