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Models of Matter

Paleozoic
Thomson et al
Quantum
Fields
Standar



Prehistory



https://www.youtube.com/watch?v=rNYeL-a1O1Q&t=190
https://www.youtube.com/watch?v=rNYeL-a1O1Q&t=440
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Roentgen, Becquerel, Curie



JJ Thomson

Atoms have structure!
Cathode rays are particle
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Rutherford (Geiger/Marsden)

Nucleus!
Early “Collider” Experiment



Planck, Millikan, Bohr, Einste
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DeBroglie, Schrodinger, Born

Wave Theories




Heisenberg, Born, Jorde



Pauli, Dirac, Fermi, Anderson

New particles!
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Difficult Questions

Nucleus cohesion?
Interactions?
Patterns?

Rules?
/007
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Ahh

Fermions: spin = 1/2 particles
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Detectors



Recall Rutherford

Components: Beam, Target,
Detector




Cloud Chamt




Bubble Chamber
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Experiment Types

o E= \ﬁ
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particle target collision
beam products wedge shaped detector

cylindrical detector
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particle particle
beam beam

collision products




Detector Pleces

A detector cross-section, showing particle paths
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Hadron Collider




Muon
Spectrometer

Hadronic
Calorimeter

Electromagnetic
Calorimeter
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Solenoid magnet
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Radiation
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The dashed tracks
are invisible to

the detector

ATLAS

! EXPERIMENT
http://atlas.ch




CMS Interactive

Transverse Slice of the Compact Muon Solenoid (CMS) Detector
[ Muon (1) ] | Electron | iuwlnlhldrm |°H"‘"mi [ Photon |
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Transverse slice
Click on the buttons above to see how each particle interacts with the detector.

Use the Play Button to see all of them,

Derived from CMS Detector Shce from CERN



https://cms-docdb.cern.ch/cgi-bin/PublicEPPOGDocDB/RetrieveFile?docid=97&version=1&filename=CMS_Slice_elab.swf

The Candidate WZ Event

7
W —>ev Mr(ez, v)=74.7 GeVicz
st M(e,, e3)=93.6 GeVic?
Z—>e'e

missing Energy

GATLAS

EXPERIMENT
http://atlas.ch

Run: 205113
Event: 12611816
Date: 2012-06-18
Time: 11:07:47 CEST







Detector characteristics

Width: 44m
Diameter: 22m

Muon Detectors Electromagnetic Calorimeters

\

\\ Weight: 7000t

CERN AC - ATLAS V1997
Forward Calorimeters

i End Cap Toroid
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Magnet Lab!




iR T o

A e S

T L
I »

il — | e _ - -
B
L

2 _an
oo | a8 - -

vasm |} BIBE 1T







Steinberger!
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Teachers!!



Fermilab!
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More Internships!
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Abstract

o Ml galabel hive sopserrassbor Black hole o thelr cemters, and
as maey of thee black holes “heed” on nearby galscte matber
rrecitly g, the inflowieg matber becofmi veiy hol asd emil s
o radlation: tharse are called ‘acthe” galande

* Heswivar, old, gas-poor alliptical galade do ot hive very much
ol fod them blick hole @t thalr centes, yit soess of thes remaln
actives, The feason For Ui & sl unknosn.,

viale isek 1o eplin this by analveing these gas-poss ellistical
Walaxies caing Imagery feom the Hobde Space Telew oo,

o Thae propect B il in s inclal stage, but we heve shown ss tar that
thers will be & large datasst esailabbe Fom tee Hublde sechiv, and
thit somi shswers sy B foond In e Brighteess profile of dese
anlicchas, which eould costain dight asymmatries sllowisg gas 1o
rmach the center when it othenwie osshd me1.

Backgrand

+ fscent olnermSonn waggest both cur geiscy? snd other geisler™ contein
mpermanies bisck hole st thelr conien

= Hiack holes disdeying high snergy sctwity s bermed "Active Celectic Muce ™
(ALK, and The prensncs o a0 AGH b 8 conesquenos of the scoretion of metisr
= mcady ozid, denes gm — by the tieck hole ot B center?, though thin wa not
urdeniood untl resthesly recantly’ dersibs mpeculation mesry an 1Y,
 Irddar, gui-pocs slipticsl gelaxien, £y unknowr bow 1oy o remsin sctve.
+ s are corcucting detsdisd Imags snakes of scSve slistisly which hres
osan iderified m both sciive and geepoor (s T 5] By apsctmespic dats
o S e Digitsl Sy Survey

~Wiarry o thepe scthve s bptice | grisder heve besr magsd by S5e Hustls Scece
Telmunze! with 1ign Ficanily Cetier reccirion than the Sosn magery (e FIg.
1] 5o we o thas imsgar for cur snstyss

g

=Lhirg |mags snabyuin aoSwere fuch an IBAFE D599 andior IDLY) wa wil
Irmpect snd srstms imeges of Siess sctve sliztiol pelaxie for festures which
mury mmplain thalr conbinusd scSwiy.

*We will 8t thes gaicdss with slipsss, bsssd on the changss I Erightres
e ket edigs s Fig )

srterpreting thess M will slow un o msks Infsrenom sbout the shass of the
gulary

hecthuity o be meplsined by imegularities in the shaps, which would sllos
[ i reach the certer mncd feed e bleck hos

Methods |
idanfication of HS™-imaged candiduis

*Ww sxamine ipecomncic St from The Siosn Survey (o detemine whether an
sllipticsl pelaxy b pea-rich or ges-poor Fig 3] snd whether & b sctive.

A pmde bt of the prmence of s sctive nucles hs frong edio dgnsl, snd 5e
FRST dutabene™ provices Sheoe dets (Fig. 5.

H not madooud, we we other Schnigumr mch m Sting Sosn Survey
meechoncc py date, and locting For hidden festurs which Indicrte scbvity.

Dioi-Drdstimaps Srshaly

*Huwing idertifie seversl gus-poor @lipticsl pelases, we wisct & ol semphs of
tarth racio-loud wnd redic-cuiet cbjscts, and nbjsct therm S 8 dmpls anekys
*is cormtruct brightnem profiiss and fied slicms, enc snalos B par mebes
of thans 13 ko ks I résrsnoes atout thaps

*One by teaius b Be Gos of poostcy whether S steps b obiets e
axbryrrnstric e nhape o an WM cenc] o Srieds| e 8 ey potato)

*H the orisntation of the slimes msm o changs fom oenter o sdge® (s g
1} or If the shags of S slimes changes, S galary b 0ot aily iy metc,
*Ficr-axisl ety could sllow gravistions] forom bo bring ges b e cente:

Feeding Active Nuclei in Gas-Poor Galaxies

L Smith / M. Zakameska, Dept of Physics & Astronomy, lohns Hopkins University, Baltimore, MD

-

E =1 W HST 5
Fig. 1: imazery of & samipe palaey from the: Sioan grounc-oesed
teiescope {left] ve. the higher-resolution color-comiposite images
from Hubble's WFFCZ camem |midcle] and ACS camen [right].

Fig. 2: If the orientation of the elipsas fithed tn the
paimcy seems to “rotebe” this i an ndiorior that
the gy is not axally symmetric ™

Fiz. 3 The TDES sosctrm’ for & ms-rich edipbcal gy [t
wE. 8 gus-poor slliptical (right]. The sharp emission lines for
Iryirogen and caygen indicyte the presence of hot gases.

Fig 4 & typical, “level 2° W PR product frem the Hubsle Legacy
archivr® Several elitizal galase are visble =n the % | losser
rigil, and a zair of Barred wical galeie are above center

Fig- 3: A good indicetor of an ackie galay is a
strong mdio signafd {I=). Mot all sctive aloies
are radio-ioud {right] so other techniques must

be employed to identity their acthity.

‘Results

Fig. 3: A bypical gas-poor eliptiol galmny viesed in the D59 image visser,

with isophote comtowr lines: {l=ft] and after the sy noiss and fithed elipse

e een removed (rght]. Note the diffrection spikes in the Aght image,
due to the extremely Dright paisctic center.

Fig. E: Exampie plots resulting from fitting an slipse modal ko & candidate iy wsing
IREF “wijpse™ fitting function. Mote thet the -amis in eadh plot is the fourth-root of the
” semiEmaRer axs, for comparison o the R34 “standend moder for =liptiosl galsdes
| Conclusions
i
W= are making significant progress toward procucing = cakalor of gac-poor eliptioals, both ackive and inactive, which
hanve peen imaged by Hubble. We have igenkified approdmately 2000 Sioan objects, and many of these ore «liptical
priaxies.
*Prediminany imsge snatysss indioste that it iz possinle to make inferenmes Dassd on simple fitting pemmeters such 2
ellipticty and mxis orisntation.
*This may allow us to identity some galaxies which possess twisted isophotes (Fig. Z), which in turmn mey indicabe ron-
axizymmetries in the potentisl.
“The elipse modeling is very sensitive to initializstion of fitting pammeters: care must be taken when producing these
mreadels.
‘Two-dimensional analysis of the brightness profile, Bnd companson to the sarsic [ de auoulses profile, will alos
for a bether fiting of an ellizticsl modsl

Impact on STEM Teaching

| buvm dound Shi project bo be both and i trzm the of m scierce teecher, snd & hax been vary
Irg=rating o particicats in b Inbsmip sndize remindsd why | kows 10snos o much | hink ek rry sperience hers sl b nowclby castul
42 rrp bemching probecricr: nok oy can | Secome mors of a7 msthantic isscher-clartht, snc relets my mpsrisnom o oy shoderb ' Reres and
Eomitls acisncs carssny, but | canals i mprove oy Ireucticnsl prectio oy making mp lemcs - smpecsly sk - mars inquinebaed snd cpsn.
wrdad, which I more in e apint of what Fros soent¥ic resserch b all sbout. Alm, | hops thet dudents whe: e infsreted In cerssn i acleancs
will lsarn from ma that thars aw many oeportuniiss for them out Share, If thay only care o look.

In mdcition, |'va gotisn soms grest idem for unih that our Artronomy isschsr may B8 inisreried In uing for her e, some small Sopio ared
IntereaSng Imagen that | oan e In My cwn lemom, end Fes sven thought of » pondble cclisbomtion unit that | could co-beech with the Art
fencten ot my ichoc!, which would imechve teking Sieck & whits Hubbds imeger snd uing Fhofoshop to procuce soms of Sie coiorful images that
e o appealing o the
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Asymmetry

‘By: Derek' Bierly, D::lnm.lr Mahcpey
+and Trentﬂn WﬂrpeH

Dvemew .

Immediately following the Big Bang, all
matter and antimatter began annihilating,
however for every billion particle-
antiparticle pairs there was one extra*
particle. These exira particles created the

; univem*e as we know it * ‘

The Alpha Magnetic
Spectrometer (AMS)
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1In Zee decay (£ Boson decays
into electron and positron)
y histogram we can see peak at
Abstra Ct ¥ approximately 91.0 GeV {Actual Pregusacy

i lue of 91.2 GeV).
~The purpose of this study was to reconstruct the SRR B ev})

mass of Z and W Bosons and J/psi Mesons using “When finding the mass of a W

CMS data from LHC and to understand how the . boson you are limited to using
CMS machine detects the different particles. = - the transverse mass because of

i AN :"h -Z boson decays into the missing energy carried by the . g

o = o
o

¢ P alectron and positron neutrine. So for us to more
CMS at LHC I 4. P, = accurately measure the mass of
~CMS was designed to see & a W boson we must compare its =
wide range of particles and > A = ftransverse mass histogram to the
L HS collisions. Located I ",;i‘ / - Z boson decay. In the transverse
ot il unciomyoun 1) 7 A TR W B we can see a drop off at its true
: «Feynman diagram : mass. When we do this fo the
apprclgxlmatﬁlﬁ_,rba EU_DD : i; shows a W- boson go -W boson decays transverse mass of W boson we
member collaboration from i
through a beta decay Bnto clectron and see mass of approximately 80.0
~Contains tracking devices [ antineufrino. Egutlnnn,dneutn L 80.4GeV).
to record tiny electrical ISpiayed as missing
trigger, Calonmeter to B R gl into muon and antimuon) histogram
measure energy a Flﬂf'tiﬂ-l& j .. o . p F—. B we can see peak at 3.1 GeV (Actual
.and particle-identification _
detectors that detect =Rty © RN Resources
e .CMS machine, 13,800 ?;Ei:‘;?mlz VECTOR BOSONS W+, W- and 20,
diameter, 70 feet long, into muon and Elecbootiynamics, Mew York
100 million different o ITing, 11 December, 1978, THE DISCOVERY OF THE J PARTICLE:,

W o -
phenomena produced in . S ' ' transverse mass histogram of a
f mass histogram of the Z boson
Cessy, France , CMS has
TEENE P ST O . LN
39 countries. into electron and .' v GeV (Actual mass value of
signals that particles e L T B .in Jipsi-mumu decay (Jipsi decays
£ T \¥i
looses as it passes through B =
radiation emitted by the Rubbia, & December, 1084, EXPERIMENTAL OBSERVATION OF THE
tons, 52 feetin “W boson decays Feynman, 0 May, 1840, Space-Time Appuoach to Cuantum
detection elements. e
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Search for the Origin of Cosmic Rays
Anthony Fedorchak, 25 July 2014, Johns Hopkins University

Abstract
Ths toppic I ressarched this sommer wos thert of cosmic mys, moys of high
anargy particles composed maimby of Hydrogen mclei and also the mclei
af other ators 11 Tha collision of thess particles with Farth's atescephaorn
camsas 3 “showar” of particles to s doum. on the surface (Figors 1)
‘Cosamic rays can prodece a neutron, which then misrcts with Misogan,
foreeing, Carbon 14, 2n isctops central to the process. of carbon. dating
{Figure 2 / Figure ). Also, cosmic roys acoount for 0.39 =Sy out of the
yuarty svarags of 2.4 mSw of natul mdition that pohlic wokens
eEperianca, for apprex. 17%.PV T then saamined the
charactoristics of 2 cormenthy known cosssic oy sounce, Sspamovas
Fomnomts, and axseingd Polars, AGN, and the St to try and possibly
idemtify these 2 additional sources of cosmdc rays.

Fiysere : Comeie rogy shvsnr

Figure 2 ' Prodsetion

Possible Semrces
‘Cosznic rays, put amply, o high enargy pasiicles, so anythng that has the

capability o move thess: particles to high energy cam be classified as
ahibitimg the beharrior of & coumic Ty sourms.

Ther Sum- The mm emits enomms. amoeunts of sy every second, and in
adidition to this, events sech as solar fares a5 well 25 coronal oss sjections
provide an sven higher kevul of oeargy and’or shockorrres that rippls
through spaca, mwents comsidored to b solar proton ovents. Mackings mch.
as the GOES Satellite tack the ex of profoms, and ndicate when the: mm &
mors or less active (Figeo 4/ Figoee )M H

Figara 4: Abows in sha Prodon Flar

chaw, plosing dar ara mch

i of B, e il RS ‘share sharw e horen
h:L-rh:h*?_u. - b Foriasiom -:##t

am Active Galactic Noclews (AGH) at the center ¥ Thess AGN have, at
timnes, boon showm to et radistion at high levals in tho form of Gamea
Barys (Figurs §).

T

Figure & Acti Galeg BT, ane af the frar galscies P widh o vinble fer af”
e, i ating the patimcd affdm et Cralacnle Muclest
Pakars- Polsars ame Nentron Stars that ame rotating ot Enmesmsely high
wpeeds due io the disparity betesan the magnetic fisld nsocined with the.
HNemtron Star and the axis of rotation of e Nowtron Star, which esnbs i a

betorsan the sevissions i wtill being smdiad today. MM

e i |t ol o

e ]

Figure 7- Plotused abowe i5 thi infermsiny o varving sntephed o radalion = o fntion
ot five 3 pualsars. T with 2 sharter feriod ane shoven o b relaively mane
v i compartion f S Witk o Seghor e

Fermi Telescope Breskthrowsh
Tha =, a pousible resalt of coumic my collisicens, was the sbject of
resaarch for sciantists at the Favli Institate. Whan the = dacays, it

prednces tere gamma s (Figere B) of a distinct ensrgy lewel, one that has
e meamed P

e

By analysing the radiati issions from Separnovas remaamts BT 43
ﬂwmﬂhmiﬁmhﬁh_ﬂh
provide evidenca that these 5 ware somnces of cowmic
s by comparing Iil!'-ﬁn'_r-nm'hnk-iiﬂn—m']nﬁd
gamen rys bors from othar processes. M9

143 Firukal Pan ey Besded Fi

Sagwrraa

s 2 1

Flpus 0 Pietused above i 8 graph o G By flur o9 2 fiswtion of anrgy far
Sparmoune Rewwss Wi o I 443, o0 well an images of both W and 10 463 in
O T O S e sl o Frayeh sieiloe b B ones Sl et (oI B
e dckermficarive Of Sy et Bl el o8 & SR O SoEeeic R

Continwing Eesearch
I'll comtimna to lock into the efects of coumic mys, n s other than the
coes menticeed previcusly. In additica, I'll continne fo soaming varous
facets, of the mentioned posadhle sources of commic mys, to try and get a
‘more fiom imderstanding of the procouses that prodnce tis Tecorded
mudistion, inchdimg othor pousible sonrres of gamona rays discovored by the
Farmi telascope, s depicted in figers 10.

Figuse Ji3: Gamma ray
soerres iderifled be FOET .o




Masterclass!

A Comparison between Z Boson Decays

Yuechen(Mark) Yang CMS e-Lab
Damascus High School

Abstract 'What Happens in the LHC The Pattern Discussions and Questions

W hes b protoes. collde, thess in chasc St s X braos in prodcs
Thin partscie eciets Sor & very short b, i Socays almont inrtntly ke
oiher particios

Whils looking thromgh the data from the 2010 LEC rex, a
disrepancy bateean the mrerage mas of the & /ot pairs
and the mmoen sni-reson pairs are foomd. This
phanomenon was maentionsd in the 2013 possr "Z Boson
Dwcary into Electrons and Mucns™ by Mick Vartarg A
widar mass distritetion of the &t pair mass is also
prusant. Whike ese evidence could seggest the mxlikedy
armnous calfbeation of the detectors at CERN, it could
also ba that tha e+ pairs sieply has lower meanmed | |
massas becams the slecens lose moms sergy. [ndnddml
wvents e anahyzed and conpaned from the 30 vt
displey, in search: for amy difemmce bebtwean the mwo Dpes
of decays. It & found that the aversze mmbar of jer
immhved = s-'e™ ewmts are bighar than that of e da-

IONOE Vemis.

enl wvorge

hin have ey effect on the <0
mu ool The e Dypes of deciy T

izwolve | b brarecling awary Trom: (he men brack s

4 zf jein and tha Eesusacies of Laar
sppawance |p- s}

o jebn from e-fet cventa ol o Follow the

*fome encommen cvent we aimerval o the 30 cvenl displey

Fhacmms tha 7 bomons | sbictacally sarral, tha parschs & decays b
oot ek 13 30 & el abscerical charge of zar [Coassramian of
Chargsl

Thasa we pacrea from #a 31 sere dapley. The tuck yvellow smow
PEPSEAIEIE el FEANEE§ PRORSE EIT RIS The many orange tcho e Farnber of jeis

W cickar il Lriel i [ e et Bverts
The mass distibution of the parsnt particls candidaxes
widans when Se pammt particls i mome masaiee. This
patiam occums becamnse massive particle: kove mom decay
options, therefom they am moms proms o decay. 29 bowom
naterally have varying rest masses, which comtritess to- the
mas distribution oo the kistograns; however, the eot
diecans weamn 0 have a wider mass dismibution and & lower

rvaRgs mass tem di-rmon evemts.

2 e/t pairnars meem in chiz eveny, 8- AT IS s B e
BowArar, duid iEd TEOD PRSSTL Bowarar, Sure i ooy o othar
whick 1.8 visdation ol B adecmrra T et thin
cormarvRa s oo charg vl ta crsmran of

# of jriy and ta Fregquencios of ther
srpearmecs [u-fet)

Hurster of lain Mot e F'ihas T boace dacayed % siactrorapoakram and sas
ot e ann @ cbsarvad fror B 10 aven daplay, tha St yaliow ﬂ'i';f:w b oty hr.m:.-u:"
com] very oot trwved sinn g s tha shctron (velow ko) This doss An wams b, -t arvamin o havad o, whi e sadhgrmd 7 decay Inta G pardice.
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