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Symmetriesss Asymmetries

A Ancient scientists (e.g. Archimedes): Unive | =
is made from perfectly symmetric objects &%
like circles and spheres wrong models of FAY\S
the orbits of the planets I

ANow know: fdAperfecto symme
UniverseA it is the asymmetries that give it complexity

- Differences in DNA (yows me, humanss clams)

- Difference In particle properties: neutron mass Is larger
then proton masd n decays while p is stable

A we exist
- matter Is slightly different than antimatter

A we exist



ELEMENTARY Mave antiparticles for quarks
PARTICLES and leptons

electron vs positron
proton (uud) vs antiproton

All and 11l generations decay to

| generation through Weak
Interactions

muonA electron+ 2 neutrinos

AThese intergenerational decay
give rise to matteantimatter
differences
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History of the Univei

Key:

Q quark
g gluon

€ electron

V neutrino

[{Lmuon Ttau

W, Z bosons \f\,photon

A% meson
@ * baryon
a4 ion

(@ atom

.‘ galaxy

* star

black
hole

early
Universe
was hot
enough to
make
particle
antiparticle
pairs:
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Matteri Antimatter Asymmetry

A early universe: very hot, makes mattetimatter

A For some reason matter becomes more
abundant in the early stages of Universe

A Antimatter completely annihilated t=0
A Hence we're left only with matter today:

(0.25 protons, ~Hphotons, ~1®neutrinos+antineutrinos)fim .. B8

A Fossil evidence from early Universe
A One of major challenges of particle physics t=t,

explain the dominance of matter in our Universé

t =today

g Aaaer



MatterAntimatter Difference = CP Violation

A In particle physics mattentimatter

d
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AT

| fferences are call

changes particle to antiparticle
operator flips space (mirror image)
time reversal A -t




CP Violation: Observations 50 Years abo

1 Universe is mostly matter, need CP violation in very
early Universe. Andrei Sakharov

2 CP violation observed the decays of strangpiark
eigenstates. Jim Cronin and Val Fitch

3 CP violation observed in electron and muon charge
asymmetries in strange quark decays. Mel Schwartz
Sakharov, 1975 Nobel Peace Prize

Cronin and Fitch, 1980 Nobel Prize for Physics

Schwartz, 1988 Nobel Prize for Physics (for discovering the muon
type neutrino)



CP Violation: Observation vs Matter in Univer

All observations of CP violation in heavy quark decay
BEFORE 2018 are much, much lower than the amount
needed in the first instance of creation to explain the
amount of matter in the Universe, the matatimatter
asymmetry

A Many experiments since 1970 have looked for larger
effects

A Need something new.

Best current bet: look at lepton sector: neutrinos, electro
muons




A Study of Direct CP Violationm in the Decay of the

Neutral Kaon via a Precision Measurement of 1.~1Wf'n+_|

R. Bernste'lnam:l B. Winstain
Note. 8 University of Chicago, Enrico Fermi Institute, Chicago, I1linois

B. Cousins, J. Greenhalgh, an
5, stanfords California

aUthOrS Stanford University, Depactment of Physic

and G. Thomson

On 1979 University of Wisconsin, Department of Physics, Madison, Wisconsin

prO posal CP violation in strange quark decay wrong. very small

Fermilab proposal 617 January 1979 effect. new physics
must come from

ABSTRACT somewhere else

In this proposal, we describe an experiment to measure the ratio R

of the CP violating amplitudes |n__| and |n,_[ to a precision of

better than 1% thereby improving the present results by about one

aorder of magnitude. If the CP wviolation is confined to the mass matrix,
R = 1.0 exactly. Recent theoretical considerations which unify the

CP violating interaction with the CP conserving weak and electromagnetic

interactions among six quarks predict R differing from 7.0 b

amounts.



NIU Fermilab Experiments

DO 19862018 data collection ended 2011

Faculty: DH, Dan Kaplan, Sue Willis, Jim Green, J&8igzey, Mike Fortner,
DhimanChakraborty, Mike Eads, Vishrdutshi

11 scientists, 124 NIU students, M&$+PhDdegrees

Mu2E 20112018 data collection 202@25

Faculty: DH, NickPohiman JerryBlazey, VishnuZutshi
7 scientists, 32 NIU students, 9 MS degrees

Muon g2 20122018 data collection 202019

Faculty: Mike Eads, NiclPohlman Mike Fortner, MikeSyphersSwapan
Chattopadhyay

2 scientists, 15 NIU students, 8 MS degrees plus 5 high school students and 35
engineering design students

DUNE 20162018 data collection 2026

Faculty: VishnuZutshi Mike Eads, JerrBlazey, SwaparChattopadhyay
2 scientists, 2 NIU students

Total: 173 employed students (DOE, NSF, Fermilab
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Large Angle Particle DO Group

11982 Proposal. 6 institutions, 31 DO Timeline
physicists (6 remain on DO in 201

M.R. Adams,'®) r. abrens, @ s. avonsen, @ 7. cailas, ™, b. cutes,®

@ (s) B 6. Finocehiaro, ® 1982 Initial proposals

R. Engelmann, 0. Finley
£
@ 1. Good, ™) 2.0, crannis,®) w. mareison, )

e s e e e e 1985 Approved for construction
T e TP 1986 - NIU joins DO

19921996 Data Collection |

1993 First topantitop quarks observed

e - g ™ ey 1995 Top quark discovery published

19962001 Rebuild detector

2001-:2011 Data Collection Il

20022006 Jerry Blazey DO spokespersc

20102012 DO observes possible large

matterantimatter asymmetry, sees

Nevidenceo for Hig

at CERN

R. Dixon
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DO Collaboration

AZ U of Arizona

Main Injector
& Recycler

Riverside

U. of llinois, Chicago
— s Northern llinois U.
—== Northwestern U,

p—
T — Indiana U

U. of Notre Dame

Towa State U.
U. of Kansas
Kansas State U.
Louisiana Tech U.
U. of Maryland
Boston U
Northeastern U
MI U of Michigan
Michigan State U.
MS U, of Mississippi
NE U. of Nebraska
NJ Princeton U
Rutgers U.
NY Brookhaven Nat. Lab
Columbia U
SUNY, Bufialo
SUNY, Stony Brook
U. of Rochester
OK Langston U,
U. of Oklahoma
Oklahoma State U.
Rl Brown U
Southern Methodist U,
U. of Texas at Ariington
Rice U,
VA U. of Virginia
WA U. of Washington

=
=

Ann Heirson, UC Riverside

U. de Buenos Aires

>—

Charles U., Prag
Croch Toch, U, Prague
Academy of Sciences, Prague

The DG Collaboration
i

University College.

JINR, Dubna Stackholm U. National U, of Kiev
ITEP. Moscow Uppsala U.

Moscow State U

IHEP, Protvino

PNPI, St Petersburg

82 Institutions
19 countries

~500 physicists
hd

LAFEX, CBPF, Rio de Janeiro
State U. do Rio de Janeiro

U. Federal do ABC, Sao Paulo
State U. Paulista, Sdo Paulo

U, of Sci d Technology  U.

Simon Fraser U.
York U. of China, Hefei

U. San Francisco de Quito LPC, Clermont-Ferrand AWTH Aachen
ISN, IN2P3, Grenoble Bonn U.
CPPM, IN2P3, Marseille Freiburg U.
LAL, IN2P3, Orsay Gottingen U.
LPNHE, IN2P3, Paris Mainz U.
DAPNIA/SPP, CEA, Saclay LMU Minchen
IReS, Strasbourg Wuppertal U.

IPN, IN2P3, Villeurbanne
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Dublin KDL, Korea U., Seoul CINVESTAV, Mexico City




DO Detector

muon system under constructio
| January 1990

13 from NIU in photo

In 1990 the NIU HEP group hac

Sl 25 members: 18 on DO and 7 ol

a fixed target experiment. The
size was due to the strong

| support from DO and Fermilab

. (Paul Grannis, Gene Fisk, Ernie
Malamud) to provide funds to
support NIU students. NIU
support from Jim Norris and
Jerry Zar helped to initiate

DO I1s now a museum
with 2-5 tour
groups/week visiting the
detector, control room,
and Tevatron tunnel
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First observed top
antitop quark event

Jan 10, 1993

Muon event display
software written by
NIU biology major
Carol Francis and
NIU research
associate Tami
Kramer

That muon track is a
straight line which
Indicates it is very
high energy. Red
deposition in
calorimeter is a high
energy electron

14



1995: Top Quark
Discovery

402 authors from DO
15 fromNIU:
1995: Mike Fortner, Jim Green,
Dave Hedin, RiciMarkeloff,
Vladimir Sirotenkg Sue Willis
After 1995:Pushpahat (adjunct),
JerryBlazey DhimanChakraborty,
Mary Anne Cummingsuilherme
Lima, ArthurMaciel, Manuel Martin
Former NIU students: Ray Brock
Jim McKinley

CDF copublished discovery
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