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ne This Talk ( iy
Alison described to you in great detall the latest and greatest in

Top Quark Physics these days — | will not repeat it.

Instead, I'll take you 20+ years back in memory lane and tell
you what happened during the Top Quark Discovery era (in DQ)
— stories, anecdotes, lessons, ...

Rather than being a formal historic account of official results, it'll
hopefully be more interesting (educational? pedagogical?)

I'll obviously concentrate on what happened in my own
collaboration: similar stories available from members of CDF

Disclaimer: my recollection, my biases, my material
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* Prologue
= Intro — Top mass predictions & limits (<1992)
* Run la @Tevatron (1992-1993) — limits, event 417, evidence

 The Road to Discovery
= Top group re-organization and meetings, objectivity
= Status as of summer 1994

« Discovery of the Top Quark

= Strategy, first sighting, optimization

= Marathon

= Discovery — papers, meeting, announcement
« Epilogue

= Media

= Conferences

= Top Turns Ten
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)
# Top Mass — Predictions & Limits (J

1977 - since M, = 3xM, = 9xM,, it seemed ‘natural’ to guess that the new
Top quark would have M, = 3xM, = 14 GeV

Variety of theoretical models & predictions followed, e.g. M, = 27 GeV

1984 - PETRA e+e- collider @DESY, Germany, ruled out top quark with
M< 23.3GeV

1984 - UAL1 @ISR, CERN reported evidence for an excess of events at
low M+;(ev) when jets were present, in agreement with 40 GeV Top
(Arnison et al., PL B147 (1984) 493). In retrospect, the W+jets
background was underestimated.

1988 - new e+e- collider, Tristan @KEK, Japan, with energy up to ~60
GeV, was built to find it - no discovery; Mt > 30.2 GeV

1990 — LEP experiments excluded M, < 45.8 GeV

1990 — UA2 @ISR set a limit on W—tb at M, > 69 GeV, effectively closing
the search channel W — Top (what if their masses are similar?)

1992 — CDF @Tevatron using Run 0 data excluded M, < 91 GeV
All along theoretical predictions increasing steadily with new limits...
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# Top Quark Basics ( %

* In 1991 the world looked like
this and the intro to every top

Top Quark Overview

e We believe the top quark exists: the b

. ark is a member of an isodoublet
SearCh tal k IOO ked I I ke th at —_— ?CLJI}LEP/SSLC measurements of Ay, Iy, efc.)
e Why is Top Quark interesting?
* Test of Standard Model
* Top, W, Higgs masses are related
* Nonstandard Decays; New Physics (?)
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The dawn of PPT in HEP...
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 The Tevatron pp accelerator worked
well compared to its performance during
Run O — significantly higher luminosity

» The D@ experiment recorded its very
first antiproton-proton interaction on
May 12, 1992 (“Run 1"
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)
# D@ Event 417 - Intro ( )

In D@ we reconstructed ~10% of the data, high priority
triggers and “garbage collectors” (for debugging), via the
Express Line; it took some time to RECO the bulk of the data

Top analyzers routinely went through the Express Line data
to look for candidate events

On Jan. 10, 1993 at 2:41am event 417 in Run 58796 was
taken — it was rejected by the main e-u analysis team (did not
pass their selection cuts — low P+ pu; no track in CDC)

| conducted my own search (“sanity check™) with looser cuts
since | did not believe that at that early stage we understood
our data and reconstruction well enough

| consistently checked event displays for “my” candidates to
verify the quality of the data and the reconstruction reliability

July 3, 2015 Boaz Klima - HCPSS2015 8



1 CERI
ne D@ Event 417 - Details
« The then-current (Jan. 10, 1993) reconstruction determined P;# = 8 GeV

* | could see a much higher momentum Muon from the event display and a clear
matching track in CDC — visual inspection early in the run is crucial!

« Long Short — the Reco program was fixed (muon & tracking) — everyovouy Wins
(higher efficiency, less misses, more attention to special cases, ...)

« When asked in a D/Q5—wide meeting on Jan. 15, 1993, | commented that the most
conservative interpretation of this event within the Standard Model was -

tt>e+p+2Jets+E;

(p*~195GeV; E;2=~99GeV, ET~1OZGeV; Eets~25, 22GeV)
July 3, 2015 Boaz Klimé - HCPSS2015 9
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e DO Event 417 — Impact ( %

It created a huge buzz in the collaboration...

» “The “excitement” generated by this event was so high, that until Oct — Nov 1993, it
subsumed almost every meeting and every person “associated” with the top group.” (TTT)

Many people spent long hours verifying all aspects of it (hardware, alarms,
software, triggers, ...), assessing the interpretation of this event (signal vs
background), and finally measuring the Top quark mass (one event; 2 v's!!).

Few typical comments from very senior colleagues

= “The e/u event is fantastic. It would be a shame to sit on it endlessly. We should
send it in to PRL as a prime candidate (for Top). Draft a letter this week and
send it in by Friday (Jan. 22, 1993).”

= “We should publish this. It is obviously a gold-plated top candidate like there
has not been at FNAL before. | wish the QCD group had something like this !"!l”

= “Congratulations on your event. It has occupied many of my thoughts.”

D¢ chose the conservative way and published a new lower limit on the Top
Quark mass (131 GeV) with this event flagged as a special clean Top
candidate. The Top quark mass determined via this one (di-lepton; 2 v's)
event was calculated to be in the range of 145 — 200 GeV.

July 3, 2015 Boaz Klima - HCPSS2015 10
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DQ® Event 417 — Later On

Sharon Hagopian
— Top Turns Ten

DO Event 417

N

The Bubble Chamber: Era of the Young Particle-Physics Entreprencur

T. Ferbel®

“Dept. of Physics
University of Rochester
Reochester, NY 14627 USA

Stan Wojcicki described for us today the levels
of senility that we attain in our scientific careers,
the penultimate being when you are asked 1o give
an after dinner speech at a conference. Well, 1
got into this position when | recommended to
Derck Colley that he ask some boistezous fellow
to talk about the entrepreneurial aspects of the
Bubble Chamber Era. Derek thought this a great
idea, and, with Don Perkins far too busy at the
United Nations, wondered whether [ would like to
comment on this phenomenon. He abio advised
me to tread lightly, because some time ago when
the late Sit John Adams referred admiringly to
Catlo Rubia's entrepreneurship, he subsequently
had to apologize for that remark because it did
not {ranslate well into Italian,

In the business world, order to produce
something, someone has to decide what is mar-
ketable, Someone must take the initiative to plan,
to bring together ideas, personnel and machines,
assign jobs, and organise and direct operations.
The individuals who perform such functions are
termed entrepreneurs. They take risks by judging
prospects, and stand responsible for the outcome
of that judgment. Entreprencurship therefore in-
volves intuition and shrewdness, as much as raw
brain powes.

skillful, energetic and imaginative entrepren-
ours are recognired as the most valoable of all
praductive resources of the economy. Without
them, all sorts of possibilities would not be real
ized. Economists claim that the easier it is to set
up and operate an enterprise, the more effectively
and rapidly can entreprencuss mobilise resources
for production. Of course, not every new idea
tuns out to be a good idea. Sometimes, expen-
sive equipment is assembled that does not lead to
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Pe
n contrast, | have a modern story about a pa®
per on the D-Zero tfop event. An extraordinary
pi-e event was found by Boas Klima last winter,
and 1, for one, was immediately convinced that it
was top. 1 did not need studies of backgrounds,
& dctector napnn-.w or of other hr.lul
~ h was
concerned. A rlnm event like that runhl not be
anything but top. Now, we would, of course, have
to do some ululahwm to coav'm:: the rest of D-
Zero and the ph : he veracily of
d

£% swayed by naysayers. In my mind,
vent looked mare convincing than, for example.
Gerson Goldhaber's discovery of the i~ in K*d
interactions, and far more likely than the first 1
found by Nick Samios et al. I was, of course,
younger and more belligerent in those days, and
less of a believer, and that might account for
he difference in my current 1esponse. Well, last
h, Klima wrote a relatively conservative fij
per on that hunuf-l event bt
you know, it b " s. So, wlml
happened to the paper? Was it just scientific con-
servatism that got it stalled? Certainly some of
the delay can attributed to that. However, I be-
lieve that another seasor that the top candidate
event has not as yet been published has to do
with the change that our ficld has gone through.
We have become far more political. Some of our
colleagues imagine that the discovery of top may
have implications on the funding of Permilab's
Main Injector or even possibly on the very ex-
istence of Fermilab. The reporting of a scientific
result is no longer a matter of concern for just the
individuals doing the science, but it has become a
group and a political statement. After more than
a half year of study, I still don't know what is
holding up the publication of that lovely event
Al T know is that Nick would never have allowed
such delay!

We may have been a little too free-spirited in
the days when Bogdan Maglic wrote in the Pro-
ceedings of the First Conference on Meson Spec-
troscopy that “to seek is nothing, to find is the

thing”, but it seems to me that we have now
gone far too conservative. Too easily swayed from
speaking oni. So, 1 hape that we can recap-
fure that entreprencurial spirit that our field was
known for, and give greater opportunity to our
unger colleagues to risk, to fail and to lcarn.

I thank Derek Colley and the Organizers of
“Bubbles-40" for providing me the opportunity
of speaking at the meeting, and Paul Slattery for
comments on this essay.

Finding a “Golden” Event |

Event has Spurious A Layer Hits

Event 417 failed the original top selection
because spurious muon A-layer hits gave the

I3 e T TR

In 1993, while scanning the I
express stream, Boaz Klima I
found event 417, which had
an very high E; electron, a
high pr muon, 3 jets and
large missing E; making it an
outstanding candidate for a (54}
top event, since expected -
backgrounds are small.

muon track very low momentum. This can

be seen in the end view (below). Other aspects of this
o event were checked by many experts to see that

a all other systems worked properly.

Muon Track Hits

Dave Hedin blew up the view of the muon hits
to about 10 feet. He measured the track with
meter sticks on his basement floor at home.
He also redid the alignment. He calculated the
momentum with and without the A layer hits.
The fit with the A layer needed large multiple
scatters in the calorimeter and magnet iron
and had low probabilty.

Muon

Daria Zieminska and Dave
Hedin exchanged ~30 e-mail
messages on the fits for this
track to determine the muon
more precisely.

Kinematic Parameters of Event 417

Ef =98.841.6 GV
py =195 GeVic

(>40 GeVic at 95% CL)
E} =24.9443GeV
E2 =22.345.6GeV
+36GeV
Missing E; = 102 GeV/

This event survived the final
Run 1 cuts, since it has
such high momentum

and missing Er.

Top Quark Mass from Event 417
Ulrich Heintz, Raja, and Mark Strovink
worked on a likelihood calculation,

based on a method inspired by Dalitz, s
Goldstein, and Kondo, which determined -
that the event was consistent with top

masses of 100-200 GeV/c?. The likelihood

was maximized at mass(top) =145 GeV/c2.

Later, Harrison Prosper calculated the

top mass for event 417 using a new

kinematic method. He estimated that
the mass(top) =163 + 36 GeV/c?.

Boaz Klima - HCPSS2015

First two pages ffom the logbook of Dave Hedin

Sample Logbook Pages: &5 ese v erve o

Harrison Prosy

Using fits by hand and prototype
computer code they determined the
muon momentum to be greater than
100GeV/c.

Background Probabilities

Suman Beri, Puspha Bhat, Jim Cochran,
and Harrison Prosper were among those
who worked on calculating the probabilities
for this event to be produced by various
background processes. The probability
was 10 to 1 that this event was top.
Event 417, which was the world’s first
observed top event, was presented at
conferences in 1993.

Publication
The parameters of Evenl 417 and Ilkehhood mass
atthe

end of 1993 and appeared in a PRL article entitied
“Search for the Top Quark " in April, 1994. This event
also survived later, tighter cuts, and was included in
the final D@ Run | dilepton results, published in 1998.

Note: This is a persanal view of finding and interpreting aspects of the.
most spectacular top candidate event in D@, The full task of
assembling and analyzing the complete top quark sample
required the dedicated talents of a much broader group of people

Sharon Hagopian
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e Lessons (1) ( B

« Do not assume that you know more than you really know
(that’s probably a good strategy for life in general...)
= Especially at the beginning of the Run
= When you embark on a new topic/subject

« Trust the experts, but verify whenever possible
= Challenge (politely!) the “common wisdom”
= Don’t hesitate to bring up new ideas/ways of looking at the data

* Look closely at the data, not just via statistical analysis

= Event display are not just for the medial!
+ Examine displays for “special” events
+ Learn to recognize “features” in the data

Be creative, be innovative — your (our!) future is in your hands

July 3, 2015 Boaz Klima - HCPSS2015 12
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# D® Top Group Organization (J

Run la of the Tevatron lasted for 2 years (1992 — 1993)
Run 1b started in 1994 (and lasted until early 1996)

| was appointed Top Group convenor, together with Nick
Hadley (Maryland), in early 1994. Our job was to take care of
Run 1b analysis while the previous convenors were still in
charge of Run la analysis.

We recognized that the group was big and there was no time
In the group meetings for exchanges of ideas as well as for
technical presentations and discussion of any particular
analysis — need for formal structure and responsibilities

Moreover, the existing working groups had no clear leaders
and hence no obvious accountabllity structure

So, on Mar. 29, 1994 we announced...

July 3, 2015 Boaz Klima - HCPSS2015 14



e D® Top Group Re-Organization
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« Formation of formal sub-groups, including leaders in charge
with well-defined responsibilities and deliverables (and

L ] n
==f|mpeline:
- = =
TOP

Folder:

From: DOSFT: :KLIMA ( Boaz Klima (708)840-2323 )
Subject: New TOP Group Organization

Date: 29-MAR-15%4 17:08

Expires: 28-MAY-15%4 17:08

active for more than
The group produced exciting phy:
lower limit on the top quark m:

The TOP group has been very
leadership of Raja and Serban.
resulted in the world's highest
GeV/c**2. These results were summarized in a paper which has bee)
for publication in Physical Review Letters. We'd like to commens
Serban on the fine work they have done.

two years

We feel that the group has grown to become large enough that 1
and bolts™ discussions cannot be dealt with in the large group me:
are forming working subgroups which will coperate within the TOP g:
their own meetings, and report back to the entire group. The cha:
subgroup leaders will be both to lead their subgroup and to ¢
their subgroup activities with the larger TOP group effort.The ¢
have the best possible communication within the TOP group and t¢
efforts of those doing top analyses as efficient and proc
possible. We would likes to encourage new people to join the
regardless whether they are resident at Fermilab or at their inst:

The new TOP group structure will be the following:

Convenors: Nick Hadley and Beoaz Klima

Trigger Board (TCB) Representative: Meena Narain (deputy: Jeff Bai

offline Board (OCPB) Representative: Pushpa Bhat (deputy: Jim Cocl

July 3, 2015

7 subgroups

Top to Leptons - Steve Wimpenny

(deputy: Meena Narain)

1. emu - Steve Wimpenny

1)

2. es - Meena Narain

3. mu mu - Jeff Bantly

Top to Lepton + jets - Rich Partridge (deputy: John Hobbs)

2)

4. e + jets: Rich Partridge

5. Mu + jets: Jochn Hobbs
3)

6. Top to Taus: Qizhong Li-Demarteau

7. Top to Jets: Chip Stewart

4)
We have tried to come up with a more specific charge for the
leaders. This is by no means everything that they will do, bu
some indication of where we are heading.

5)

The subgroup leaders will be responsible for organizing thei:

and for coordinating the activities in their subgroup with the
group effort. Dzero is likely to find top only through the combint
of all the subgroups, and it is important that each subgroup pe:
analysis taking into account the efforts of the other groups.
large size of the TOP group, subgroup leaders are expected t.
large fraction of their time to communicating with other subgrou
TOP group as a whole.

6)

Subgroup leaders will:

Boaz Klima - HCPSS2015

Subgroup leaders will:

organize weekly or bi-weekly working meetings of their subgroup and keep
minutes of these meetings so that all members of the TOP group will
remain up to date on the activities of each subgroup. The meetings will
be open and announced on DONews. A copy of the minutes will be kept in
the TOP drawer in Barbara Edmondson's office, and will be available
electronically.

be responsible for ensuring that proper triggers exist for the relevant
decay channels. Any problems with and/or modification required to the
existing trigger list should be discussed in the subgroup meeting as
well as with the TOP representative to the TCB. Once a modificatien is
approved by the convenmors, it will be submitted to the TCB by the TOP
representative.

streamed and/or filtered and stored
appropriately {(on DOFS or on the TOP project disks). Zny problems with
and/or modification required to the existing streams/filters should be
discussed in the subgroup meeting as well as with the TOP representative
to the OCPB. Once a modification is approved by the convenors, it will
be submitted to the OCPB by the TOP representative.

ensure that the necessary data is

of relevant data and Monte carlo files
their locations as well as relevant
infe for Monte Carlo events, set of

maintain in a public area a list
(signal and background) and
information, e.g. generator
cuts/filters for data events etc.

maintain a documentation of all the relevant physics analyses, i.e.
"standard", more sophisticated (Neural Network, H-matrix, PDE etc), mass
analyses etc. A copy of this up to date documentation should be kept in
the TOP drawer in Barbara Edmondson's office and should be available
electronically as much as possible.

ensure a proper presentation of the status of their analysis in the TOP
meetings as required by the TOP group convenors. The presentation will
be done either by the leader or by a person in the group designated by
the leader.

make sure that everything else that the convenors neglected to specify
in this document but is essential for getting the physics results in a
timely fashion is properly done (the legal department asked us to put
this in...).

Boaz and Nick
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D@ Top Group Mailing List G

 We typically sent around messages on DONEWS ( “old”
HyperNews). However, we envisioned time when we’'ll want
correspondence that would fit a more limited audience...

* S0, we created a mailing list, consisting of 75 members,
which was ordered by people’s activity/sub-group

older: TOP | We don't know yat!
rom: DOSFT: : KLIMA ( Boaz Klima (700)040 {
ubject: TOP Group EMail Distribution List ‘:
ate: 29-MAR-1994 17:10
xpire 28-APR-1994 17:10
X (1b)

As most of you are aware of, at times we prefer to send messages directly
© you via EMail rather than putting it on DONews. We have received the TOP
roup mailing 1 Wo'd like to make sure the
up to date and to organize it by subgroup.

from the previous convenor

Please take a few minutes to:

verify that your name is on the list, if you wish to get the direct TOP UQUET
PMa : TAKETANT
EMail.

Indicate to us which subgroup you'd like to be part of.

. Let us know if you'd like your name to be removed from the list.

tSlava Klyukhin

If you are a student, please tell us the name of your advisor. IHarrison Prosper

Boaz and Nick

IMichael
77777777777777777777777777777777777777777777777777777777777777777777777777777 IMike Peters

TOP GROUP MAILING LIST, 1-APR-1994

e-mu channel

a ets channe Convenors
{WIMPENNY |Steve Wimpenny !
BHATNAGAR IVipin Bhatnagar X (1b) J0SFT: :KLIMA Klima

Jer X (1b) MDHEP : : HADLEY INick Hadley

COCHRAN 1Jim chran

July 3, 2015 Boaz Klima - HCPSS2015 16
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D® Updated Top Mailing List
« Later on (in Nov. 1994) it was updated

= More people (84) - ~20% of the entire collaboration

= Better recognition of individual effort

!Patrick Virador

X (1b) '
!Dhiman Chakraboty X (1a) : v ’ .
. |Haowei Xu X (1a) ! We don't know yet!
Foldec: iIOP |Scott Snyder X (la) !
From: DOSFT: :KLIMA ( Boaz Klima (708)840-2323 ) \Myanqun Pang X (1a) FNALDO: : HSTEH {Frank Hsieh
;“ﬁj“t lojgd:;\erdx;gi ‘1;:‘3‘1‘13’ EMazl Distribution. List ISerban Protopopescu BNLCL6: : GORDONH !Howard Gordon
e i !Pushpa Bhat BNLDO1: : GIBBARD !Bruce Gibbard
Emesss i Attt iseitne IHerh Greenles CSA: : STROVINK IMark Strovink
!John Butler is i $
DOSET: : RAJA |Rajendran Raja DPHVX2: :AZYLBER sArmand Zylberstejn
! COBAU 1Bill Cobau 3 |Stu Fuess ]
! TOP Group Mailing List, 02-NOV-1994 EPPLEY |Geary Eppley : !Stan Krzywdzinski
1 MIETTINEN !Hannu Miettinen FNALDO: :BRAJESH !Brajesh Chouhary
! CRsti 45 i& 5 Eﬂﬁﬁ":;g“‘;m fglaﬂm:glolﬂﬂ FNALDO: : FATYGA IMirek Fatyga
! otal number - 81+3 people : :MELAN !Harry Melanson £ , = s
! FNALV: : SLAVIK ISlava Klyukhin FNALDO: : HEDIN ;Da“d Hedin
! ISUMMA: : HAUPTMAN {John Hauptman FNALDO: : NGRAF !Norman Graf
I|DECNET ADDRESS NAME COMMENTS STUDEN1 IMohammad Mohammadi FNALDO: : PLUQUET !Ala:;n Pluguet
fPREE S R R, — emmmmeee ceceae. UMDHEP : : DREW IDrew Baden FNALDO: :ULI 1Ulrich Heintz
' ! . FNALDO: : DIEHL !Tom Diehl
f e-mu channel (6) : mu-jets chamnel (9) FNALV: : GENSER |Krzysztof Genser
' - FSUHEP: : HARR !Harrison Prospe
SMTP%"WIMPENNY@UCRPHO.UCR.EDU" !Steve Wimpenny subgroup leader FNALDO: : HOBBS !John Hobbs subgroup leader fp % ,H ey COSPSL.
: \Vipin Bhatnagar X (1b) DOSET: :AMIDI 1Erfan Amidi X (1b) IND: : DARIA !Daria Zieminska
IShahriar Abachi !Hui Zhu X (1b) SBHEP1: :ALPINIST IChang Kee Jung
1Jim Cochran !Tom Rockwell X (1b) UHHEPB: :MWP IMike Peters
!Suman Beri Egary ;gshlkawa X (1la) CSA: :MADARAS !Ron Madaras
!Ryuji Yamada ! Joey Thempson UMD 33 !
SMTP%"HEINSON@UCRPH1.UCR.EDU” |Ann Heinson };EP ed 'S§zah F:O
UHHEPG: :MDJ Michael Jones CSA6: :ATHARA !Hiro Aihara
MSUHEP: : ABOLTNS IMaris Abolins MICH: :NEAL !{Homer Neal
IMeenakshi Narain subgroup leader ! ! A
1Bob Kehoe X (1b) ! tau channels (3) ! Ex officio (3)
1V. Balamurali X (la) éNALDO Qe \izh i . b Lead !
iz !Qizhong Li-Demarteau subgroup leader : 7
FNALDO: : GRIFFIN 'Greg Griffin X (1b)
& 0 iffi PGRANNIS ;Paul Grannis
FNALDO : : KOTCHER !Jon Kotcher !Hugh Montgomery
1
1Jeffrey Bantly subgroup leader ! . HEFZER {GenalFisk
IRaymond Hall ! all jets channel (8) '
! ) ! Convenors (2)
{aSyets chanael (25) DOSFT: : STEWART IChip Stewart subgroup leader '
i : :CRETSINGER !cathy Cretsinger X (1b) .
! DOSFT: :KLIMA !Boaz Klima
PARTRIDGE IRichard Partridge subgroup leader e :::_:’:g“;;i OMDEE D - BADLEY INick Hadley
!Sailesh Chopra X (1b) '
P v X (1b) : : FEHERS !Sandor Feher !
ot g | :MARER IMarek zielinski

!Peter Tamburello

X (1b)

search in DO
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ne D® Top Group Objectivity ( %

« Trivial statement — we were all eager to discover the Top
qguark unless it was not there...

« To guard against unconscious bias, we introduced (from
above!) particle ID definitions that all analyzers had to follow.
Later on in the life of D@ we called them “certified object 1D,
but back then that was a very new concept and not very
popular move (how can you tell the experts what to do?...)

« S0 much so that when one analyzer lost
his sole top candidate, the result was

« As a side remark, if one does not pay
attention to these potential biases, in an
analysis with numerous channels the

overall impact may be large/significant
July 3, 2015 Boaz Klima - HCPSS2015 18




‘F Summer 1994 ( =

\_/

* The search for the Top quark in experiments worldwide
has been going on for at least the last 17 years

o leltS, ||m|tS, limits... o History of the Top Quark Mass Measurements

ELEMENTARY
PARTICLES

g

ﬂ* " + “* ot 00 0w

A from the EW hts

g

A @' colliders it

hadron colbders Wmit

g

COF Run 1

DO Run 1

Top Quark Mass (GeV/c")

Run 1 world average

COF Run 2 best measurement

*e » B B = »

DO Run 2 best measurement
1 1 1 1

1990 1995 2000 2005 2010
Year

« SM fits increasing steadily with new limits...
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‘ CERI
‘F Summer 1994 L
At the Tevatron, the CDF and DQ§ collaborations finished

analyzing their Run la data — both having similar
(“expected”) sensitivity to Top pair production

CDF published a paper claiming evidence (2.8c) for Top
guark production with a cross section that was twice as large
as predicted by the Standard Model

D@’s result (1.9c) was consistent both with CDF’s and with
no signal — its “measured” ¢z was consistent with SM

Both experiments needed more data - Run 1b was well
underway

Each collaboration decided (independently!) to double the
data sample while analyzing the new data (Run 1b) exactly
as before — sanity/consistency check (signal or background?)

July 3, 2015 Boaz Klima - HCPSS2015 20
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=g Detour- D® and Conferences (J

« The D@ collaboration had a Speakers Bureau (SB), headed by
Sharon Hagopian (FSU), which assigned D@ talks at
conferences and workshops

* As convenors of the Top Physics group at D®, we regularly
recommended to the SB on candidates from the Top group for
talks at conferences; obviously never ourselves

* In November | received an unexpected invitation from Sharon
to give a “standard” status of Top Search talk at Moriond 1995

| hesitated since
* There was nothing new yet from Run 1b

e Just another “Search” talk...
e | didn’t ski

« | finally accepted since we had to send name to the organizers
July 3, 2015 Boaz Klima - HCPSS2015 21



D® Top Group Meetings

CERI
HADE

* During 1994 the Top group had regular bi-weekly meetings
* Nick and | did not make presentations except news/updates

« When things started heating up, we changed the frequency to
weekly meetings and... | made an exception early in January

News 263 in DO.TOP on node DOSFT VaxNews 3.15
Newsgroups: DO.TOP
From: DOSFT;::KLIMA ( Boaz Klima (708)840-2323 )
Subject: Top Meeting Agenda - 1/13/95
Date: 11-JAN-1995 12:;18:58.95
Expires: 26-JAN-1995 12:18:58.95
Path: d0sf21.fnal.gov!d0sfz28.fnal.gov!vaxnews ! KLIMA
Message-ID: <00011500_VAXNEWS@d0sf28.fnal.gov>
Fermilab, 11-JAN-1995
AGENDA
TOP Group Meeting
Friday, 1-13-95, 1994
10:30 AM - 12:30 PM
“ The Ninth Circle
1. News, updates etc - N. Hadley/ B. Klima.
2, Update on PRD - R. Madaras.
3. Cuts, efficiencies etc - B. Klima.
4. The grid search - C. Yoshikawa.
5

July 3, 2015

. More on mass analysis - S, Protopopescu.

Boaz Klima - HCPSS2015

News 267 in DO.TCP on node DOSFT VaxNews 3.15
Newsgroups: DO0O.TOP
From: DOSFT::KLIMA ( Boaz Klima (708)840-2323 )
Subject: Top Meeting Agenda - 1/20/95

Date:

Message-ID:

18-JAN-1995 16:43:06.42

2-FEB-1995 16:43:06.42
dosf2l.fnal.gov!dosf28.fnal.govivarnews ' KLIMA
<00011507_VAXNEWS@d0s£28.fnal.gov>

Fermilab, 18-JAN-1995

ACGENDA

TOP Group Meeting

Friday, 1-20-95, 1994
10:30 AM - 12:30 PM
The Ninth Circle

News, updates etc - N. Hadley/ B. Klima.
Report from the mass analysis - T. Ferbel.
cuts, efficiencies etc - M. Narain.

More on mass analysis - 5. Protopopescu.

Mt-mw studies - P. Grannis.
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e Lessons (2) ( B

* As aleader of a group, do not assume that you know more
than you really know (sounds familiar by now?)
= Talk regularly to members of your group
= Consult regularly with senior colleagues outside your group

* Don't hesitate to introduce new ideas
= QOrganizationally — there will be resistance
= Scientifically — there will be a lot of resistance

« Since you are in charge

= make sure the overall effort of your group is well balanced and
carefully planned (timing is everything)

= don’t be afraid to make bold moves!!

Be creative, be innovative — your (our!) future is in your hands

July 3, 2015 Boaz Klima - HCPSS2015 23
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New Strategy for Discovery

CER!

>

In very early January 1995, after seeing that the significance

when doubling the sample was going up as expected (2.4c;

~sgrt(N)), | proposed a change in strategy

KLIMA Sent: Tue1/10/199510:32 AM
SBHEP: :GRANNIS; FNALV::MONT
ce KLIMA
Subject: Food for Thought
Fermilab, 10-TAN-1995
Paul and Mont,
I wrote a "document"” stating a strategy for trving to find top in D0 now. This is probably one out of few strategies which one can think of at this time. It should serve as "food for thought", and hopefully
it'll stimulate some discussion among experts and convince people to move fast towards achieving our main goal. Nick. the only one which I've shared this doc with so far. is happy with it. What do you think?
I know that vou're very busy these days with the review. but maybe vou can find a few minutes for this as well.
Boaz i
Jan. 9, 1995
A STRATEGY FOR FINDING TOP IN DO
The current results of the top search are:
Dileptons Leptontjets Leptontjetstmutag All
Data 2 8 8 16
Bkg 20+-02  39+-16 23+-04 82+/-1.7
TI(180) 1.1+-0.1 3.6+/-0.6 2.1+-04 6.8+~1.0
TT(200) 06+-01 22+-04 13+-02 4.0+-0.6
The significance of our results in terms of probability for not having top in our data ("consistency with no top” hypothesis) is 0.7% (assuming gaussian likelihood - 2.4 sigma).
What should be the strategy (or why are we modifving our analysis)?
We know now that the top quark mass is much larger than the mass we used to determine our cuts during run la. At the beginning of run la we tuned our analyses cuts to have good efficiency for Mt of
about 80-100GeV (just above Mw; around the CDF limit). About one year ago after setting the 131GeV limit (during the so-called "operation heavy top"). we tuned our analyses cuts for Mt of about 120-
140 NT d Liaiey D "1 1, 1 £ sl ] 1 LY C " DONC N L0t b HYH 3" . B
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New Strategy for Discovery 3

significance of the mass analysis as a "direct +top finder" may be reduced

Jan. 9, 1985 since top and its background will peak closer as the Ht cut increases.
A STRATEGY FOR PINDING TOP IN DO whi gl 8 the no tag lepton+jets channels,
mmmmmmmrmmmmsEm s E———————— can the cut of about 1506eV (?) added to
the lepton+jets+mu tag a v principal, keep similar efficiency
The current results of the top search are: for heavy top to the ‘"old analysis" while reducing the background
N . cignificantly (by a facter of 27). One has te keep in mind Lhat the tagged
analysis reguires only three jets, so the Ht <ut can’t be as high as in the

pi-leptons Leptonsjets Lepton+jets+m tag All no-tagged analysis where we reguire four jets.
The accross in all channel
Data 2 8 8 16 {including up froml].ss WV (te  20Cev :.! Once agein, the
effect on vy top should be minimal for background
By 2.0+/-0.2 1.94/-1.6 2.34/-0.4 B.24/-1.7 might improve significantly.
TT(180} 1.14/-0.1 3.64/-0.6 2.14/-0.4 6.8+4/-1.0 what else? Any other obvious candidates??
TT(200} 0.6+/-0.1 2.24/-0.4 1.34/5-0.2 4.04/-0.6 What are we aiming at?

The significance of our results in terms of probability for not having top in
our data ("censistency with no top" hypothesis) is 0.7% (assuming gaussian
likelihood - 2.4 sigma).

The ‘probability f£or not having +top im our data ({consistency with no
top hypethesis) is 0.7% (essuming gaussian likelihced it's about 2.4 sigma).
In order to get & feel for what needs to be done to be able to claim top with
the data wa have now, I estimated the significance for a few posaible
scenarios using Nick's probability calculation software, which agrees with

what should be the strategy (or why are we modifying our snalysis)? Rich's code, at least for the current analysis.

We know now that the top quark mass is much larger than the mass we
used to determine our cuts during run la. At the beginning of run la we tuned
our analyses cuts te have good efficiency for Mt of about 80-1000ev (just
above Mw: around the CDF 1imit). About one year ago after setting the lildeV

The following table may serve as "food for thought":

Data Background Probability
limit {during the so-called "operation heavy top"}, we tuned our analyses cuts
for Mt of about 120-140C0eV (around cur mass limit). Based an ocur current
knowlsdge of the top mass, namely that Mt is about 2006sV, one can further 11 curremt e e e
re-optimize the analysis.

In addition. one can srgue that we understand our data better than we "
used to, we have higher statistics to better determine our cuts ete. Howaver, 3. mWe dileptons 18 §.24/-1.7 0.42%

i find t L ill be =u i o
if we make these kind of changes and find top, many pecple wi. Suspecious 3. No (ma,mu} 18 7.34/-1.7 0.31%
Which analysis to modify and how to tune its cuts?

1'd recommend to make as few modifications as possible. If we do that, 4. Half Bkg L 13 4eltf-0.9 0.11% (about 3.3 sigma)
it?l] HECEETET BOTH L0 JUSCITY N0 CHONOeS C0  CUISEIveT ang to explain/sell e . TN o Lo
it to other people. I believe that a few well-justified changes have a good
chance te be accepted by the cellaboration in a short time.

6 Half Bkg 3 16 4.14/-0.9 0.0047% {about 4 =igmal)

Since we have just a little more than a handful of events, the
strategy should be to reduce the background ss wmuch as we can while
maintaining good efficiency for signal. we'll have to make sure that the Scenario 1 is obviously the current one. In scenarios 2 and 3 I eliminated one
efficiency less will be relatively small. or all of the dilepton anlyses. This does not require any change in our

current anlyeis; just looking at a subset, Tn scenarios 4,5, and 6 I reduced
What cuts are good candidates for modifications? the background by a factor of 2 while keeping different no. of data events

since we don’t know how many of them will eventually pass the "new" cuts.

‘The Ht cut in the lepton+jets cam go up from 140GeV to about
180-2000eV. By deing that we'll keep high efficiency for very heavy top
whereas the background will be reduced by about a factor of 2 or so. One has
to keep in mind that this kind of modification will alse change the mass
analysis. Both the total number of background events and the background mass
disrtibutien shape (move to “higher masses") will be different. The
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First Sighting

* Following that change, we saw SIGNIFICANT signal

Jan. 12, 1995

Optimizing Top Analysis for Heavy Top - lst Attempt

In the spirit of making a few well-justified changes wrt the curremt
*Aspen) top search snaslysis, we have made the first attempt. As indicated
irlier, the idea was to reduce the background as much as we could while
iintaining good efficlency for signal. The first attempt contained the
sllewing modifications:

Lepton+Jets: the Ht cut was increased from 1400eV to 180CeV
Lepton+Jots+mu tag: the Mt cut was introduced with a value of 1500eV.
. Dilepton: The Et cut on the jets was increased from 15CeV to 200sV.

In all channels the change in the cut caused an efficiency losa for 180GeV
-tbar of about 10% and sbout a factor of 2 increase in the rejection against
e main background. The exact numbers will have to be checked/verified later,
st the rough estimate of the effect of changing the cuts has been done by the
tpert in sach channel.

The current{=Aspen) results of the top search are

Di-leptons Lepton+jets Lepton+jetssmu tag A1l

pata a a o 10
Bkg 2.0+/-0.2 3.9¢/-1.6 2.34/=0.4 8.24/=1.7
TT(180) 1.14/-0.1 3.6+/-0.6 2.1+4/-0.4 6.8+4/-1.0

sults in terms of probability for not having top in
ar data (“"consistency wih no top* hypothesis) is 0.7% (assuming gaussian
ikelihood - 2.4 sigma).

\

Eotimized cuts are:

Di-leptons Lepton+jets Lepton+jetssmu tag ALl

Data 2 ] 7 17
(Meena) (Sailesh, Serban) (Bill,John H.

Bkg 1.04/-0.1 2.0+/-0.8 1.2+/-0.2 4.2+/-0.8

TT(180) 1.04/-0.1 3.24/-0.8 1.84/-0.4 6.04/-0.6

e significance of our results in terms of probability for not having top in

= . no top" hypothesis) is 0.001% (assuming gaussian
ikelihood - 4.2 sigma).

July 3, 2015

Jan. 13, 1995

optimizing Top Analysis for Heavy Top - 2nd Attempt

Two interesting question were asked about my previous message:

Are we fooling ourselves, or in a polite way, are we biasing the results by
choosing the "best" cuts? More specifically, can we change the cuts and see
what happens? For oxample, Nick asked to change the Ht cut on lepton+jets
to 2000eV (I had 180CeV in my first attempt).

Serban pointed out that VECBOS doesn’t agree with the data very well at the
tails. He suggested to make a correction based on W+ijets data a la
Strovink and Varnes. His conclusions are that we have to increase the
background estimate for HE>140(180)GeV by a factor of <1.2(1.6). I put the
"< sign since he believes that this is probably an overestimation. For
Ht>2000eV he ran out of statistics in the data, so my guesstimate will be a
factor of 1.8.

The results in my previous message (lst attempt) were:

Di-leptons Lepton+jets Leptontjetsemu tag a1l

Data 2 8 7 17
{Meena) (Sailesh,Serban) (Bill,John H.)

Bkg 1.04/-0.1 2.04/-0.8 1.24/-0.2 4.24/-0.8

TT(180) 1.04/-0.1 3.24/-0.5 1.84/-0.4 6.04/-0.6

@ significance of our results in terms of probability for not having top in
r data ("consistency with no top" hypothesis) is 0.001% (assuming gaussian
kelihood - 4.2 sigma).

The results with Ht>2000eV and VECBOS AS IS a

Di-leptons Lepton+jets Lepton+jetssmu tag All
Data 2 6 7 15
(Meena) (Sailesh, Serban) (8i11,J0hn H.)
Bkg 1.04/~0.1 1.54/-0.6 1.24/-0.2 3.74/-0.6
TT(180) 1.04/-0.1 2.94/-0.5 1.84/-0.4 $.74/-0.6

e significance of our results in terms of probability for not having top in
r data ("consistency with no top* hypothesis) is 0.002% (assuming gaussian
kelihood - 4.1 sigma).

Boaz Klima - HCPSS2015
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e Unbiased (=MC) Optimization

« And then it was time for unbiased systematic optimization

0

Jan. 10, 1995

OPTIMIZING THE LEPTON+JETS ANALYSIS

“Simple/Obvious® - changing only the Ht cut from 140Gev to 200GeV (or to
180GaV)  while keeing everything else (all id and anslysis cuts) in the
analysis unchsnged.

"same top efficiency" - changing the Ht and Aplanarity cuts from {140,. 05)
to (200,.03) while keeping everything else {all id and analysiz cuts} in
the analysis unchanged. fThe way I decided on this 2-dim point was by
picking the 200CeV point for the Ht cut first and then looking in Sailesh’s
table for the corresponding A cut which gave similar efficiency for 2000ev
top
"Max rejection” - changing the Ht and Aplanarity euts from (140,. 05) to
{200,.08) while keeping everything else (all id and analysis cuts) in the
analysis unchenged. The way 1 decided on this 2-dim peint was by picking
the 2000éV point for the Ht cut first. Then locking at Sailesh’s table I
realized that, as a rule of thumb, for an incresze of the A cut by .01 the
background rejection improves by about 30%. My srbitresry choice was to have
an additional rejectlon due to the change in A by a factor of 3. The
numbers in my table below are just a guess =since I don't have Sailesh's
results yet.
*
The results for the current set of cuts and the three "new” seis are:
(HELA) tt(200¢eV) Background s/B  5/s3grt{B)
# events |% less wrt # events |increased
in 36pb-1| current in IG6pb-1|rejection
current {140,.05} 2.24/-0.4 ] 3.94/-1.6 0 .56 1.11
opt. 1 (200,.05) 1.8+/-0.3 20 L.5+/-0.6 2.8 1.2 1.47
Opt. 1 (180,.05) 2.04/-0.3 10 2.0+/-0.8 1.9 1.0 1.41
opt. 2 (200,.03)  2.34/-0.4 ] 2.44/~1.0 1.8 .96 1.48
opt. 3 {200,.08) 1.14/-0.2 50 0.54/=0.2 5.0 2.2 1.56

- Haven’t checked the data yet; not relevant at this point!

** - p guess/extrapoleation based on Sailesh’'s tables below

July 3, 20
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Jan. 16, 1995

Fallowing his presentation during the TOP group meeting on Friday
Wick and I asked Cary Yoshikaws to make 2 grid search with only one parameter
Ht (and everything else as in the "standard la” analysis). We asked him to
plot two parameters as a function of Ht fer different top masses:

1. The significance, 5/sqrt(S+B).
2. The efficiency for top events.
He did the study on the Musjets channel (no tag), and his plots are with me

iwe don't have the ps files, and FNALDO is still down. . Ve summarized his
results, as we read them from his plots, below:

Mt {Gev) | 140 | 160 | 180 200
| I | |
|
significance |
peaks at (Gev} 130 160 210 | 230
|
Efficiency loss
wil ML2100 GeV
10% 130 140 170 200
220
sfficiency lass
wrt HE>140 Gev
10% 150 160 180 i 200
20% 160 170 190 220
H
)

The conclusion from Cary’s study using his optimization technigue is that
for top mass of 180-208 GeV the optimal cut om Ht is sround 180-200 CeV. One
could, in principal, think of geing even higher based on the significance
optimization, but the efficiency lass for top events would be too high. At
this time, since the statistics is low, we'd advacate not to increase HEt
beyond 200 GeV.

Boaz Klima - HCPSS2015
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e D@ Top Discovery Marathon  { &

Once we knew we had it in early January, we announced a 2-day
marathon inviting the entire collaboration for

= airing of all details about the analyses involved with the discovery
= having plenty of time for questions and discussion

* The collaboration needed that to understand all the analyses and bless
them — basically to own the discovery!

W’tauj {’l&d\n(ti +o ﬂa

&h e whe worked
ToP Mo rathon © Peopte ¢ worne

33333

30 min

very hard o[ur'mg Hae
Feb. 16-17, 14948

15 min

last several weeks.

15 min

ick
We‘etome ! °°5 <
30«\ dow’d ae-le +o be

pord of a deawm which

15 min

discovers 0 wew efementavy| /.

parbicle wore Hiaw owce !
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CERI

Top Quark Discovery %

* Both collaborations submitted simultaneously their discovery
papers to PRL on Feb. 24, 1995 at 11am CST (not that

anybody is counting...)

Observation of Top Quark Production in pp Collisions

Abstract VOLUME 74, NUMBER 14 PHYSICAL REVIEW LETTERS 3 AprIL 1995

We establish the existence of the top quark using a 67 pb™! data sample Observation of the Top Quark
of pp collisions at /s = 1.8 TeV collected with the Collider Detector at Fer-

milab (CDF). Employing technigues similar to those we previously published, The DO Collaboration reports on a search for the standard model top quark in pj collisions at
5 = 1.8 TeV at the Fermilab Tevatron with an integrated luminosity of approximaely 50 pb~', We

ched for 17 production in the dilepton and single-lepton decay channels with and without

R e tagging of b-quark jets. We obscrved 17 events with an expected background of 3.8 = 0.6 events. The
. . . . ility for an upward of the o to produce the ob: signal is 2 X 1075
the background prediction by 4.8¢. Additional evidence for the top quark is (equivalent to 4.6 standard deviations). The kinematic properties of the excess sistent

with top quark decay. We conclude that we have observed the top quark and measured its mass 10 be
19973 (stat) =22 (syst) GeV/c? and its production cross section to be 6.4 *+ 2.2 pb.

provided by a peak in the reconstructed mass distribution. We measure the
_ PACS numbers: 14.65.Ha, 13.85.Qk, 13.85.Ni
top quark mass to be 176 £ 8(stat.) + 10(sys.) GeV/c?, and the ¢ production

cross section to be ()ngg pb.
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“ D® Top Quark Discovery Paper { &

VOLUME 74, NUMBER 14

3 A, 199§

Observation of the Top Quark

S. Abuchi,'? B. Abbott,™ M. Abolins,™ B.S. Acharya,” 1. Adam," D.1. Adams.» M, Adams,' S, Ahn'? H. Aibara,™
LAl G, Alvarez,' G, A. Alves," E. Amidi,”” N, Amos™ E.W. Anderson,"” S.H. Aronson,* R. Astur ¥ R E.
Avery.® A 7'V, Balamurali,® 3. Balderston,"* B. Baldin,” J. Bantly," ). F. Banlet,”? K. Bazizi, ). Bendich,®
S.B. Beii, ertram, ™ V. A, Bezzobov,” P.C. Bhat,? V. Bhatnagar,”’ M. Bhattacharjee,'"' A, Bischoff,”

F. Borchending,”* ). Borders, ™ €, Boswell.”
2 ). M. Butler,” . Casey," H. Castilla-Valdez,”
™ L. Chevalicr, 8. €
Chouwdbary,” J. K. Cheistenson,'” M. Chung," D). € Cobau,? 5
C. Cretsin D. Cullen-Vidal,! M. Cummings, . Cutts 0.1, Dabl® K. De.% M. Demarteas,” R. Demina.”*
K. Denisenko, ™ N. Denisenko, 2 D. Denisov,” S. P. Denisov, ™ W. Dharmaratna,”™ H.T, Dieht,”” M. Dieshurg, 2 G
Loreto,”* R. Dixwa," F. Draper,!’ 1. Drinkard,® Y. Ducros,™ S, R. Dugad,™ S, Durston-Jolmson,™ D. Edmunds,
Efimov.” J. Ellison.” V.D. Elvira,'™* R. Engelmann,* 8. Eno?' G. Eppley.®* P. Ermolov,® 0, V. Froshin,” V, N,
Evdokimov," §. Fahey,”™ T Fabland.' M. Fatyga." M. K. Fatyga,** ), Featherly,” S. Feher,™ D. Fein,” T. Ferbel,®
G, Hnocehiaro.™ H.E. Fisk,* Yu. Fisyah E. Flaltum” G. K. Forden.* M. Forfner,® K. C. Frame.™ P. Franzini,
8. Fredriksen,” $. Fuess,? A.N. Galjacy, " E. Gallas.! C.$. Gao.'*! §. Guo, ™ T.L. Geld R.J.
K. Genser,”? C.E. Gerb B Gibbard,* M. Glaubmun,” V, Gicbov,™ S, Glenn,* 1.F. Glicenstci
M. Goforth."* A. Goldschmidt,™ B. Gomez,' P. 1. Goncharov.*2 H. Gordan,* 1. T. Goss.™ N. Graf," P. DD, Grannis.™*
D.R. Green."” J. Green, H. Greenlee,"” G, Giffin," N. Grossman,"* P. Grudberg,™ 8. Griinendaht, J. A. Guida, "
1M, Guida! W. Guryn N, G u/,lmv“ Y. E. Gutnikov,? N1 Hudley,! H Huggeny,"? S. Hagopian,'*
V. Hagopian, K. S. Huin,* R. E. Hall* R. Hatcher, .M. Hanptman,”” D. Hedin* A. P, Heinson,?
R. Hirosky," 1D, Hobls,” B. | n.* 1.8, Hotwn,'
F. Haich,* Ting 1u,' lun“ 1,1, Huehn, 8. Jgarashi.'” A S, 10,'” E. James,” 1. Jaques, §. A, Jerger? 1.7..Y
Jiang,™ T, Jolfe-Minor.™ H. Johiri, M. Johnson,'? H, Johnstad.® A. Jonckbeere,'? H, Josticin,'” S, Y,
Jun C.K. Jung, ™ S. Kshn," 1., Kang,® R. Kehoe® M. Kelly,” A. Kerman,” L. Kerth, C. L. Kim.* . K. Kim,*
A. Kiatchko," B. Klima,? B.1, Klochkov,” C. Klopfenstein,™® V. 1. Klyukhin,®® V. 1. Kochetkov,* ). M. Kohli,)!
D. Koitick,™ A, V. Kostritskiy,* 1. Koicher,* J. Kourlas,® A, V, Kozelov, E. A, Kozlovski, M. R. Krishnaswarmy,*
S. Krzywdzinski,'? §. Kunori.?! S, Lami.* G. Landsberg, ™ R, E. Lanou.! J-F, Lebrat,* J. Lee-Franzini,® A. Leflu,*
HOLS ) LY YKL 13® Q.2 Li-Demurteau,'” .G, R. Lima,* D. Lincoln,? §_ L. Lin," J. Linnemann ' R, |.|mm 9
Y.C. Lin,* F. Lobkowicz,® S.C. Loken, ™ §. Likis,™ | / yon"' A.K.A. Mucicl R.J. Mudarus, ™
R. Madden," IV, Mandrichento. Ph. Mangeor.™ S, Mani,* B. Mansouli€,* H.S. Mao,”™* S. Margulies,”
R. Markeloff.® L, Maskosky,” T, Marshall, M. T, Murtin,'? M. Marx,® B. May,” A. A. Mayorov.’? R, McCarthy, ™
T. McKibben,'s J. McKinley, H.1.. Melanson, ' J.R.T. de Meilo Neto," K. W. Menitt,” H. Micttinen,* A. Milder,”
C. Mitner,™ A. Mincer, ™ J. M. de Mitanda.* C.S. Mishra,” M. Mohuammadi-Baarmand,™ N. Mokhov,?
Mondtal.* I1.1:, Montgomesy. ” P. Mooncy.' M. Mudan €. Murphy,* C. 1. Marphy,” 1< Nang," M. N
Nurasimhum,™ A, Nurayanan,* H. A. Neal.2 1.P. Negret,' I, Neis.2 P. Nemethy,™ D. Ne
- Oesch,2! V. Ogari.* E. Oltoan.* N. Oshima.”” D. Owen,” P. Padley." M. Pang,"” A, Para,”” C.H. Park,*
N M. Paterno,* 1. Perkins. A, Peryshkin,'? M, Peters M )1, Pickarz,
Y. Pischalnikov,** A I‘quupr"’ V.M. Podstavkov,** B.G. Pupe,® H. B. Prosper.”” §. Provopapescu.* D). Pueljié,
1 er = P, 2. Quintas,'” R. Ruja," S. Rujagopalun,'* 0. Rumirez."* M. V.S, Rao." . A. Rapidis,” L. Rasmussen,™
L. Read,” . Reucrofi,” M. Rijssenbeck, ™ T. Rockwell, ™ N. A. Roe, 1. M. R, Roldan,' P. Rubinov,™ R, Ruchii,"!
s Rusin A. Santoro,* L. Sawyer,?! R. D, Schumberger,”® H. Schellman,™ D. Schimid,” ). Sculli,
Shabulina, C. Shaffer," H.C. Shankar®* R.K. Shivpusi,'" M. Shupe,? 1. B. Singh," V. Sirotenko,™ W, Smart,”?
hith,” R. P. Smith, " R, Snihur,™ G.R. Snow. ¥ S. Snyder,™ 3 Sntnm.m 1P M. Sood,M M. Susebee,!! M., Souzad
1. Spadafora,® R, W, Stephens,'! M. L. Stevenson,® D. Stewart,” F. Stocker,” 1. A. Stois mova, ). Stoker®
K. Strects?® M. Strovink.™ A. Taketani,'? P. Tamburello,”! ). Tarazi M. Tartaglia,"?
1 T‘Imm.m-u 'T.G Tuppc P, Tues,' N Virelas,? 15, W Vames, P, R.G. Vll.uiur D, \uv\m.
Valkov,® E, von Goeler,” A, P, Vorobicy,” H. D. Vi : Warchol,*® M,
M. Weerts?* W.A. Wenzel, A. White,!! 1. T. White,

2632 O031-9007 /95 /74014) £ 2632(6)$06.00

AL REVIEW LETTERS 3 A I‘“‘ VounE 74, Numerx 14

{CAL REVIEW LETL 571 1995

Events/20 GeV

Eventa / 20 GeVic®

Cross Section (ph)

H, (GeV)

1. Shape of H; duribuons expectod for the prociel 11, 2
kgrounds (dashe: arks olid  disrhations ep
) fot () e Jes aml (B) watagaod ningle-lpuon - e 25 GeV /e dnd (3)

fromn

Top Miss Gevies

d b grewmd u0d
1t selection.

pesluction cruss

luted by the vecR0s Monte Carlo peogrant | 7] and multijet  we observe a statistically significant excess of events and
avens the distribation of events amang Lhe sever chascls is con-
svents was calealoted tsing (e sistest with 10 o
18] and a detevior sanulation b vcd Addit
wm [9]. As u choek, the scvcplaxe Gains a
alcaluted usiag the HERWIG cvenl gencrator {18 of jot combimalivns in sin,
The differeace hetween ISAWT and HFRWIG was included
in fhe systematic error
From all seven chanols, we
an expecied Y‘n‘t"‘mr\d of 38

™ Also show
wectiom curve (dashed ki) (5]

was performad o
1op quark contribatic
ull“ml J comributions were constrained 1o be ¢ .-
‘with our background estimates. The likelisood Bt
yickicd a top quark ouass of 19924 (stat) GeV/c? and de-
serhed the data well,
four 0 increase the statists

acceptance f
ISAJET event generan

The

Ditio (hat our obscrved cacess conl-
r-miss abject omes froan the favariunt musses
ploo 4 jels events. For
gleleptan 4 four-jot evepts
an Tequirements (27 events).

s was peformed, based on the
One jo as-

ble for the mass fi, and

ca

mensure the top
jet cvents were sub)
10 the hypothesis
fias were perfoy

cheerved 17 events wich  An invacjant mass
0. bypothesis 17 — W' W b — trgih
signed 10 the se: y decaying op quask, and
three jets were assigned 1o the Badronically decaying top
quark. The jci wssignment algorithm sticmpicd 10 xign

one of the two highest £ jets t the semileplemically
Assuming a top he differcnce hetween
siom cross section is o The inv mass of
“The emvor 10 the crows section mchudes an the three jets assigned o the hadmnically decaying top
2% mocertmnty in the luovinosity. Th PSS SO0~ Among the three possible jet
tion determined from the louse selection critenia 1s m good K, the sinadl-
wgroemeni with th that the back 5 1 shows the
grounds are well understood. We c probabi distribubion of m; vs nd (W + 1%
ity for our observed distabution of exee: 15 among  and malijery (hy 200 € o simuls
s and find that our resalts are consisent  tion, and (c) data. The  at higher invuriant

9 quark Drunching fractions ot the 53% C.L. Thus, mass, in both dimensions. 1han the backgroand S

o remove any bias from the

single-legton = fou
successfuily. The remuval of
3 ducod a substantial buck ground
© jom ot Jower muss in addition 1o the top signal,
= shown ia Fig 5(b). A hkcbhood fit 1o the masc
distribution veuxllni n & fop quark mass of 19973 (siat
with the sesulr obtained from the
n. The resalt of the likeliood fit dic
wcantly ou whether the siormalization of
grownd was consmuined. Usiag MW 10 mode]
the top quurk contribution resulicd b 4 muss 4 GeV
helow thet found using 1SAnT. Thix effect was includ
m the sysiematic enor. The totul syseematic crror in the
10p guark mass is 22 GaV/ %, which is dominated hy the
14 single-lopton + jeis candidute eventy  scerainty im the jet coergy scake (10%%)
In conclusion, we opoet the observalion of the lop
W quae eoass 10 be 199
ISUre 3 PROGUCHION €TSS SCCtion
2 ph a our central mass.
thank e Feomilab Acoelerator
Divisions, and the support scaffs at the ¢
ing mstitutions for
work. We .m'..unuw.r the su
ariment of Encrgy, the U.S. Natsosul yaiy
Atomique i France.
nd the Ministry of Sci
in Russia, ONPyg in Brazil.
Atomic Fncegy and Science and Fdu
encius in Co CORA-CYT in
nclation:
Foundatsen

-Ey jets. with the pravision that
ped 1o 4 b quark

were alwi

wlunled for cac]
ISAEL and BLRRIG v
mass was stongly comretated
von radition, pt
selection pre
mees <a|pr-un,ml»
qu.rkxl which was

overall

signment ¢

TABLE Il Cff
M) i the voven chss
2 grownel,

Weanchiog fraciion (x X 3) wsing sisedond event selection s the expected nus
15, barsed on the coniral thicorctical # ction cross secsion of Red. (55, far
cprabel lumsinonty, amd i1 sumber of vbserved e

An un-
and back-

s distributiol
wark

up ke

006+ 001 0S50+ 010 433 % DO 036
046 2 GOR 205 ¢ 084 247 L DA 283 = 068 =042 1380 £ 207

GIT- e 0
040 = 007 0
<003 011 =002 170 2420
QS 011 =052 LK 2 431
4 025 : 00
b7 442 53

1M ex BR) D8 =

M0 e % B 1% 03 - 0m
= 004

Departments.

in I, €
Mexicn. the Mimsiry of Educatic
snd KOSEF i & and the A.P. §

' 042

2635 2636

CDF’s paper

July 3, 2015

« Very important contributions — M, and (M, vs M,)

Is available at PRL 74 (1995) 2626

Boaz Klima - HCPSS2015 32



A

o

e D@ Top Meeting — Feb. 24, 1995(@:

« We announced regular meeting to be held on Feb. 24, 1995
 The agenda was as boring as they come; looked believable

* ...and the party began... ! & '“
 But the world had to wait... it
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March 2, 1995 at Fermilab Auditorium - Joint CDF/D@
Seminar Announcing the Top Quark Discovery
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news release

fermi national accelerator laboratory

Operated by Universities Research Association, Inc. for the U.S. Department of Energy

Public Information Office, P.O. Box 500, Batavia, IL 60510 . Telephone: 708-840-3351

. Facsimile: 708-840-8780
NEWS MEDIA CONTACTS: 95-2
Judy Jackson, 708/840-4112 (Fermilab) March 1, 1995
Gary Pitchford, 708/252-2013 (DOE)
Jeff Sherwood, 202/586-5806 (DOE)
For fi 30 sday.

S QVER
Batavia, IL—Physicists at the Department of Energy’s Fermi National Accelerator Laboratory
today (March 2) announced the discovery of the subatomic particle called the top quark, the last
undiscovered quark of the six predicted to exist by current scientific theory. Scientists worldwide
had sought the top quark since the discovery of the bottom quark at Fermilab in 1977. The
discovery provides strong support for the quark theory of the structure of matter.

Two research papers, submitted on Friday, February 24, to Physical Review Letters by
the CDF and DZero experiment collaborations respectively, describe the observation of top
quarks produced in high-energy collisions between protons and antiprotons, their antimatter
counterparts. The two experiments operate simultaneously using particle beams from Fermilab’s
Tevatron, world's highest energy particle accelerator. The collaborations, each with about 450

members, presented their results at seminars held at Fermilab on March 2.

Fermilab
Director

Boaz Klima - HCPSS2015

Top Discovery - Media at Fermilab

CERI
HADF

w/ Experiments’

Spokespersons
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ne Top Discovery — Work of MANY (J

(N 1 1 B 14

Work of hundreds of physicists over many years culminated
In a discovery of a fundamental building block of nature — a
triumph for science and for collaborative effort worldwide
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e Lessons (3) ( B

* As a leader of a group think big!
= Re-think old strategies
= Refine, if necessary

= Change altogether if you are convinced that this is the way to go after
understanding (well!)

+ the growth potential, the better route to success
+ the ramifications of the change (time delay, confusion, ...)
« Continue to be directly involved in all scientific aspects to
understand well all relevant considerations

« Motivate members of your group regularly to ensure that
everybody is on the same page

= This is especially important when having many analyses that ought to
converge at the same time

Be creative, be innovative — your (our!) future is in your hands
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Epilogue
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o

e Top Quark Discovery - Media  { &

* The Local and National media were enthusiastic about this
major scientific accomplishment

""news release

vy

July 3, 2015

Elusive Particle Found | 1, 7op uark: what 1s 1t?
By Scientists in [llinois

fundamentals of

& nuw vork TrnEs NATIONAL Frinay, mances 3, 19

metaphysical.

New York Times
Mar. 3, 1995

““We're so elated by the discovery
of the top quark that we haven’t yet
begun to sift all the data,” said Dr.
Boaz Klima of Fermilab, one of the
leaders of the successful search.
“But this particle is so astonisingly
heavy that its decay may give us
hints of a lot of other things, perhaps
even of supersymmetric particles."

Beware! You are not in control
of your message in the media!!

Boaz Klima - HCPSS2015
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Top Discovery in World Media

CERI

.

« ...and the exciting news went around the world...

ic victories in Ma
jonal alternative (o the Co
within the debilitated ruli

July 3, 2015

. Jeta gibees das
3 i " m ' - Top-Quarkc offiziey

NORTH AMERICAN:SPECIAL:

ﬁﬂd of aLong Chase

ndians share in the landmark discovery of the elusive top quark

Ty NANDINISTARMA

iero's

The discovery o
the top quark is
as significant as
the discovery of
the clectron.

Naraln top}: Chopea
and Bhasgar

The discovery of
the top quark is
as significant as
the discovery of
the clectron,
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After the celebrations

CERI
HADF

 We (or |) learnt only later on that there was some cross talk.

PHYSICS

With Quark Discovery, Truth
Comes Out on Top—Twice

Lase week's announcement by physicists ac

‘ “ the Fermi National Accelerator Laboratory

1 that they had finally discovered the top

quark marked the end of ane quest and the

’ start of another. The 18-year search to find

| the sixth and final quark,  relarive of the

i quarks that make up most of ordinary marter,

was over after a last-minute sprint to the

finish by groups working independently on

Fermilab's mammoth accelerator, the Teva-

tron. In what mighe be called the moon shot

of particle physics, two 450-person collabo-

rations staffjng detectors costing $100 mil-

lion each had collided tritlions of particles

and sifeed tens of millions of collisions to
corner the elusive particle.

But the 2 March announcement, which,

Energy Secrerary Hazel O'Leary called

“crowning moment of success,” doesn't ¢la

the book on the understanding of maud.

Instead it marks the starc of a new era

which, like naturalists poking and prodding

an exotic new specimen, experimenters will

E be scrutinizing the top quark for clues to new

physics. “Finding the top is much more than

just filling in the blank in the table of

quarks,” says Fermilab collaborator John

Huth of Harvard University. The top, after

all, stands out from the crowd: Wich roughly

the same mass as an entire gold atom, it is far

and away the heaviest elementary particle

and may hold clues 0 a ma]or

hide. The first hints that the search might be
ending came last April, when the CDF (Col-
tider Detectorat Fermilab) collaboration an-
nounced that their massive detector had re-
corded residue from 12 events that looked
like top quark decays. It was “evidence” for
the quark, but not enough to rule our the
possibility that the events were due 1o back-
ground “roise” (Science, 29 April 1994, p.
658). Adding ro the doubs, physicists at the
other Tevatron detector, DO {D-Zero), had
seenno clear evidence, Since then, however,
both groups con(mucd to amass new data
ami reanal; 2 auns.

ffors of strong resul
il forth between the two groups in Jan®
and February, each began to fear that thi
other would be the first to submit a report
of the discovery, and the pace of the analysis
sped up. Anxiety gripped the CDF group,
for example, after an early February rumor
(ha( DO had scheduled a seminar. At chi
ine and cheese” event, some at CDF feaggeh

ters on 24 February and agreed to preview
their results in a joint seminar.

At the 2 March Fermilab seminar both
collaborations reported detecting enough
possible top quark events (see table) 1o re-
duce the odds that the signal arose by chance
to around one in a miflion. The collabora-
tions also presented data on what physicists
call the “production crass section"—a measute
of how, and how often, the top quark is pro-
duced—and on the quark's mass, determined
from the energies of the decay products. “E;

the work to come. A
couple of month:
the top exists; :hey will be
at is Lhe massl' T A precisc

ass-giving cmiry called the Higgs bo-
fn. “Particles are endowed with mass in pro-
portion to their coupling with the Higgs
ficld,” explains William Bardeen, the acring
ead of Fermilab's theory group, “In that
kense the more massive the pamicle, the
closer you are to a place where the Hig
might reveal itself.” Right now, he adds,
can't get any closer than the top guas

Besides its mass, physicists wouls
test the new quark’s spin, charge,
modes to see how well they ma

couldserveas awindow on

have theorized, for exa:

unsolved puzzle in physi CDF Do
origin of mass.

The top had been at large Top events A v
since the 1977 discovery of Significance 480 460
what rurned out to be the fifth Mass (billion 176413 189 £30

quark: the bottom, or beauty,
quark. Physicists' standard pic-
ture of matter demanded 2
sixth: Beauty must have a mate.
Fictingly, it was named truth, or
top. and the search o find it
was on. The tap, like all but two
of the other quarks, does not exist as part §ff
vrdinary, observable, matter and must be cr-
ated by colliding high-energy streams of p:
ticles in an accelerator. In a tiny fraction of
the collisions, physicists hoped, a top quark
would materialize and live for 108 seconds
before decaying into a characteristic shower
of particles. But for 18 years, experiments
designed 1o create the quark failed to muster
enough energy.

Indeed, even the Tevatron--the world's
most powerful accelerator at 1.8 trillion elec-
ton volts—was just barely able to probe the
energy range where the wp was thought to

quarks inte)

Two views o

electron volts)

P

+ 36

6.8

ver, will mean creating rop
tks in droves, says Bardeen.
'ou need a lot of events of all
kinds to find the few events that
will tell you the hint of the
new physics” Fermilabls current

schedule gives CDF and DO an-

© top quark. In a rare high-energy collisiol
to produce 1op quatks, which tecay ints lightes

[0 might announce top quark results, “[t was
only human to imagine that,” says Huth, a
CDF member

The meeting never took place, and in the

report stgmﬁ:ant resulm. t had to let the
director know first and give the other col-
laboration a week to prepare and respond. In
the end it was CDF that approached Peoples
first, but at that point DO was ready. Bath
groups submitted papers elaiming “observa-
tion of the top quatk” (0 Physica Review Let-

SCIENCE » VOL. 167 » 10 MARCH 1995

other year to collect top quarks.
That should be enough o improve
measurements of the op’s mass
and cross section, but it won't
atisfy physicists' craving for the particles.
After that, tp quark enthusiasts will
have to wait for two new machines. At
Fermilab, the Tevatron is scheduled for a
major upgrade, known as the main injector,
slared to come on line in carly 1999, “We are
shooting for a factar of 10 and maybe 20 in
total observable top quarks,” says Peoples
Then the torch will pass 1o Europe’s Large
Hadron Collider, which will take the place
of the Tevatron as the world’s highest en-
ergy accelerator sometime after the turn of
the century.

~Antonic Regalado

1423
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$ TUMOrs Of STTong resulls few
and forth between the two groups in January
and February, each began to fear thar the
other would be the first to submit 2 report
of the discovery, and the pace of the analysis
sped up. Anxiety gripped the CDF group,
for example, afrer an carly February rumor
that DO had scheduled a seminar, Ar this
“wine and cheese” event, some at CDF feared,

O3 mighr announce top guark reseles. “10 was
only human o imagine that," says Huth, a
CDOF member.

What actually happened.

« Back in November we scheduled
our regular show-at-the-lab-first
seminar on the latest Top Results
(search...) for Moriond

* Due to lack of time we temporarily
put my name there as a
placeholder (to be updated later)

« |t was (mis-)interpreted by some at
CDF as a potential ambush...

41



JE. D
e March 1995 (J

« A few more pics for the memories...

Qs Aoty

« ...and | was packing and headi'hg to the airport — on my way
to Moriond (if I'm not mistaken, that was Moriond30!; earlier
this year we celebrated Moriond50...)

« My talk was scheduled as the very first of the conference...

Perfect Timing !!!
July 3, 2015 Boaz Klima - HCPSS2015 42
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Moriond 1995
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ne Top Results at LP95 (Beljin

« Back in January | was also
invited to give the “D@ Top
Search” plenary talk at LP95

LP9

B

17th International Symposium

Lepton Photon Interactions

Conference Program

(10-15 August 1995, Beijing)

July 3, 2015

Thursday, August 10

. 09:00-09:20 Chairman: Zhipeng Zheng (IHEP)

Opening Speech - Guangzhao Zhou (CAS)

Session chairman: Y. Yamaguchi (Tokyo)
09:20-09:50 Top Physics in DO - B. Klima (FNAL)

09:50-10:20 Observation of Top Quark Production at Tevatron (CDF).

Weiming Yao (LBL)
Coffec break
Session chairman: J. Sacton (Brussels)
11:00 -11:45 Review on Experimental Results on Precision
Tests of Electroweak Theories.

P.B.Renton (Oxford)

11:45-12:30 Implications of Precision Electroweak Data.
Kaoru Hagiwara (KEK)

Lunch Break
Session chairman: Yuanben Dai (ITP, Beijing)
14:00-14:45 Experimental Progress on Charmenium
and Light Hadron Spectroscopy
Jin Li (IHEP,Beijing)

14:45-15:30 Physics in Charm Energy Regjon
Kuangta Chao (Peking Univ.)

Coffee Break

Session chairman: 8. Yamada (Tokyo)

16:00-16:45 Experimental Results from Polarized Beams at SLAC

C. Prescott (SLAC)
16:45-17:15 Nucleon Spin Structure Function From
Muon Deep Inelastic Scattering

V. Hughes (Yale)

18:15-19:30 Welcome Reception

Talk #

6a

6b

Boaz Klima - HCPSS2015
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# Top Results at LP95 (Beljing) (J

* The first page of my talk was...

=2 5 = .
DOZBRARS LML E Top Physics at DY

B PIHE - RELY Boaz Klima

%X 3% RHEF Fermilab

RKRDP R 3R 61548 for the D@ Collaboration

' $TL /d‘:‘ éé% %‘% "8 2 fk #) 2] % #/}\ Al\‘ W 17th International Symposium
A & 40 |5 di, on Lepton Photon Interactions
\* _F . R . éﬂ Q /L ﬁ\ Beijing, People's Republic of China
-~-hh2FNALB 10 August 1995
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# Top Results at LP95 (Beljing) (J

 The second page looked like this...

The Title The Title The Title
e In January ‘95 e In January ‘95 e In January ‘95
" Search for the Top Quark... " Search for the Top Quark... " Search for the Top Quark...
e In February ‘95 e In February ‘95
Observation of the Top Quark Observation of the Top Quark
at D@ at D@
e In March ‘95
Top Physics at D@

« In 3 months we went from search to discovery to studies...

July 3, 2015 Boaz Klima - HCPSS2015 47



A
e Ten Years Later - Top Turns Ten{{ ‘s

« ...we saw/heard variety of experiences/perspectives...

e-mail ﬂurry_at' D@

The email headers and messages below demonstrate the intensity of the
analysis activities a few weeks prior to the announcement of the discovery of the
top quark and give a glimpse into the collaborative nature of this effort at D@.

)
YMpO: cel
‘» 5 in
- - S
[ Details at http://www.fnal.gov/pub/news05/TopTurnsTen.htm!
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Top Turns Ten e

* ...including on event 417...

The mule event is fantastic. It would be a shame tosten it ° H, &
endiessly. | think that waiting for the collaboration mesting
before going public would be too long a wait. If all the talent

| that has already thought about top cannot find a better

. . el;la_rﬂfl:ll_-esllnuld'l?n send it in to PRL as a prime BITOTS ] ssue

The ep Visits ST T i T | e T =

L nours. , We cannat ever assure aurselves of being
3 T g . : “ul right. However. | have aiways believed that.

As Run la progressed, I was occasionally visited by senior o i e 03 evrs ek e e 1 evrt) 3o 1) 41 1t vt e o atnr i i g
d have to publish the result. This should be done quickly, not because we are in a obfuscation. We know that the emu event is
. . . . . race with CDF BUT we have an obii n to do so as scientists after we were 0] in a region 52 is n
members of the collaboration (often with minions in tow) who v n pporuny s b i etcto. Theconclionf a0t [0 1o cneumbered oy oageund

within the minimal Standard Model the only source for such an event is the top
quark_ .

had “discovered” tt — ep events which I had apparently missed

| Assuming . there are no further . =) < (&) b i !
surprises, because the event has 4! Many have urged publication of this event in some conlext as socn as possible.
been around for over a week TEapsptan (' Opinion varies on how soon and with what slant. | consider three possible ways

Each time we dutifully staged the event(s) and looked it over e ot B IR 1 e e vt okt ok e o, (i ko= 1 i)

Wlth great care ... \\eqe\‘ﬂ © e TRt ) :;m:;msﬁ(kw)xﬁ:mrxmu;?ﬂmmme:i:-.;;emi
"0“' . '\{\‘6 ot beind | believe the first two options are inappropriate. We cannot defend a single event
. . . .0&)0 ‘\y\& o W'wm - ﬂm@ﬁMSTmigdmpﬁamm;mamwz isn't this one
... and each time the muon was obvious junk  w® éew\ e e e o e et s b i B e Bd et e
] ) Qse e hidmmhhw - hprtmuss.Bdl!e—munde—ed\mlsbeindedi\'Eplper...
(and the other aspects of the events were unimpressive) O AR TR Sl B hAHEH b Miiy
r Pﬂ"'-m"m
o e rea iobedone v
That is, until Boaz passed along the ep event which he found spare oo
(Jan 93) _
The “muon” was not obvious junk! ' S e R e
. . F: U an extensbon > e Ly on L
(although it did have some problems — reco gave p* ~ 8 GeV/c & no CD track !) ' . orone s inmciatly condnced N, e o e 1 Sty i
oot tesactor respore, orof o el &'ﬁﬂm&mﬁf?’mﬁf éﬁlﬁ'&gﬁvﬁhﬂi
matters. ... the event looked more convingin ions, i cross sections,
And the other aspects of the event were truly spectacular! b I than.for cxample, Gersan < disoon | o thay s ek Bl for el

s v ;

of the £ in K*d interactions, and far mere likely {3 arvet Ia near the madlan found In MC top eamples, The

than the first 2 found by Nick Samios st al.” . likolibood distribution is meximized for & top mass of
abaut 145 GeV/c?, but masses as high as 200 GeV/c®
cannot be excluded. This result s consistent with, but
independent of, cur lower limit on m, described sbove.

July 3, 2015 Boaz Klima - HCPSS2015 49



)
*1 c Top Turns Ten (%552

\_/

« ...and we even got the view of those who left the field...

Architecting Future From 3rd Generation of Quarks
Communications To 3rd Generation of Wireless

After Top Quark was found...

SNAOMI9N UONEIUdY
IXON Huipnng
Homeland Security

Those who went on to search for TOP...dollar!

Quality Control & and still searching... Patent Claims
Verification Worth Billions
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e To Sum It All Up (J

Following 2 decades of intense searches worldwide, the Top Quark was
discovered at Fermilab by CDF and D¢ in 1995, and then the HEP world
turned to making intense studies of its production mechanism and
fundamental properties — so far no surprises; stay tuned!

The Discovery

«_of the Top Quark
Finding the sixth the world’s
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Thank you!



