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1. The standard model of patticle physics
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The standard model
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 Elementary particles

Source: AAAS *Yet to be <onﬂup¢ i

In such extreme conditions as a supernova explosion,
« » .
Z bosons are produced as an ~everyday particle

Decays of a 125 GeV Standard-Model Higgs boson
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2. ATLAS detector

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
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» 7000 tons
> 46 m long
» 25 m height |
> 3000 km Of cables Toroid Magnets ~ Solenoid Magnet  SCT Tracker Pixel Detector TRT Tracker
» 100M of readout channels
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2.1 The ErinciEIe of identi@ g Earticles

According to different kinds of particles have different kinds of interactions with
the mediums in the detectors.

Tracking Electromagnetic ~ Hadron Muon
chamber calorimeter calorimeter chamber
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Innermost Layer... » .Outermost Layer
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3. Identification of particles

A Data sample: the data sample of many thousand events is
divided into smaller packages with 50 events each.

Download Data Samples for
X A
TOOlI HYPATIA INTERNATIONAL
MASTERCLASSES
hands on particle physics
Purposes:

* Z boson, by hunting for an electron-
positron pair or a muon-antimuon pair
(Z—1"T)

* Higgs boson by hunting for a photon-
photon pait(H —y y)

* Higgs boson by hunting for 2 lepton-
pairs (H — I'T' I'])
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3.1 casel: Z—e*e"

Steps to identify

Z —e + e * Two footprints in innermost detector from the vertex detector
* Two clusters in the electromagnetic calorimeter
Sum of electrical charge is 0

| s Window Flie: JivexXM 165632 89305216.xm! Rur 2
. . ATLAS  2010-09-24 08:03:55 CEST source:JiveXML_165632_89305216 HYPATIA
Magnification 3x it ™ == ==L _

I Reconstructed Tracks

Track /-1 P[GeV] Pt [GeV] P 8
Tracks 1 + 51.94 45 66 2.336 2.288 0 X tm 6
Tracks 72 - 3.25 3118 -0.642 1216
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3.2 case 2: Z— Uty

Steps to identify
Z —> !"I“+ !""- * Two footprints from the vertex detector to

muon spectrometer
* Sum of electrical charge is 0

on
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Magnification 3x

Tracks O + 126.71 29.23 -1.659 0.233 3 =
[+ 126 I 5366 Event: 52240871% & @

ATLAS 2010-10-07 21:11:18 PDT source:JiveXML_166466_52240871 HYPATIA

&4

¥ (m)

[ Reconstructed Tracks

Track .| plGeV] | Pt[GaV] @ a |
|Tracks 0 E J126.71 |29.23 -1.659 0.233 4
Tracks 3 ¥ |7.78 4.24 -1.928 10.577
Tracks 5 [h2076 (6166 1.257 l0.536
Tracks 6 +  2.97 131 -0.477 2.686
[Tracks 7 - 283 [Lo6 -0.062 |2.757
[Tracks 9 - 299 [L.20 -2,356 |0.415 s
Tracks 10 + [8.03 L47 2472 2958 |
[Tracks 11 [+ [5.87 [L1g 2757 [0.204 -10 0 X (m) 10
[Tracks 15 |+ |6.06 |2.69 -0.771 12681
Tracks 17 - |s.os 416 -2.043 0.540
[Tracks 24 |- 150 [L36 2.582 2002 =
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3.3 case 3: H—

Steps to identify

H— 'y 'Y * Two clusters in the electromagnetic calotimeter
* Two tracks in the muon spectrometer
* Two peaks

S0

Magnification 3x

| == |
NE—-—S¥

|f Tracks I Physics Objects |
Track P [GeV] Pt [GeV] 1] ]
Object 0 49.03 48.71 -2.834 1.456
Object 1 67.27 54.15 0.588 2.206
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3.4 case 4: H— etee*e"

H— etee'e-

File View Histograms Preferences Help

File Name ETMis [GeV] Track P [GeV] +/ Pt [GeV] P n M(2) [GeV] e/m/g
event006.xml 8.495 Tracks 1 71.4 + 42.8 0.691 1.100 89.939 I 229.736 I 8
Tracks 59 49.4 - 43.7 -2.245 0.505 K o 1B
Tracks 6 23.6 + 20.0 1.567 0.594 87.551 e
Tracks 12 87.4 - 39.8 -1.602 -1.423 e

<« L @ | Y X had
Previous Event  Next Event  Electron Muon Photon Delete Track Reset Car

ETMis: B.495 GeV P: 0.537 rad Collection: MET RefFinal
B|events_.l'group04.zip_.l'eventDDE\.me |4«1 2 o- of} ol

Tracks r Physics Objects |
Track +/- P [GeV] Pt [GeV] P 1]

Tracks 1 + 71.41 42.80 0.691 0.643
Tracks 6 + 23.58 19.95 1.567 1.009
Tracks 12 - 87.39 39.82 -1.602 2.668
Tracks 59 - 49.43 43.73 -2.245 1.0868

Steps to identify
* Four tracks in the tracking chamber

* Four clusters in the electromagnetic
calorimeter

* Sum of electrical charge is 0
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3.5 case 5: H— e*e'H”E;'
H— efen™u

File Name ETMis [GeV] Track P [GeV] +/- Pt [GeV] @© n M(2) [GeV] M(4) [GeV] | e/mjg
event015.xml B.258 Tracks 6 153.7 + 84.1 2378 -1.212 91.056 291.010 J§ fIm =
Tracks 72 35.5 - 35.4 -2.835 0.027 m
Tracks 8 76.8 - 75.3 -0.804 0.200 89.645 e =
Tracks 11 67.6 [+ 44.9 0.154 -0.968 e -
File <« > e Ly v X o
Previous Event  Next Event  Electron  Muon Photon Delete Track  Reset Canvas
ETMis: 8.258 GeV p: 0.541 rad Collection: MET RefFinal
[=i(levents/group04.zip fevent015.xml |<;= & o= ofl o
Tracks |/ Physics Objects |
Track +/- P [GeV] Pt [GeV] © a8
Tracks 6 + 153.74 84.09 2.378 2.563
Tracks 8 = 76.79 75.28 -0.804 1.372
Tracks 11 + 67.65 44.90 0.154 2.416
Tracks 72 = 35.46 35.44 -2.835 1.544

Steps to identify
* Two tracks in the tracking chamber

* Two clusters in the electromagnetic
calorimeter

* Two tracks in the muon spectrometer

* Sum of electrical charge is 0
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4. Result

Events Four tepton invarant inass Wil MAow W2el+200
J T - -
.| H->TI11 M(41)[GeV]
0 - - . . . .
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Events Diphoton tnvantant mass W Daa M ('Y 'Y) [GeV]
| H*vvd Lilooats. ] g L
‘ &0 a5 10 95 100 105 110 115 120 12 130 135 140 145 350 '1(55 i wlo
\Miyy) [GeV
Events Dilepton invariant mass W Elecions
wr 7] M(11)[GeV]
27
! ¥ Ty [Gev]
Dilepton invariant mass
@ Dilepton
] & il Entries 138
200 Mean 89.48
oy dmsamt 17se+545 * INot see the Higgs boson (lack of data)
= Mean 90.46 £ 0.39
WE Sigma 3.555 + 0.611
12—
t0E- * See Z boson (Gaussian)
8
o Mean of mass is 90.46 + 0.39 GeV
o Sigma is 3.5551£0.611 GeV
JedFy oo | T [ TR E——
%0 60 70 80 S0 100 110 120 130
M (GeV)
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5. Summary and outlook

*Learn more details about the SM, Higgs boson, Z boson and particle
physics

*Study ATLAS detector and the principle to identify particles
Learn about how to use the HYPATTA to identify patticles

*Plan to identify particles in batch mode
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Thank You!
Merci !
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