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Alison described to you in great detail the latest and greatest in 

Top Quark Physics these days – I 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 DO) 

– 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

This Talk
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Outline
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• Prologue

 Intro – Top mass predictions & limits (<1992)

 Run 1a @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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Prologue
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Top Mass – Predictions & Limits
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• 1977 - since Mb ≈ 3xMc ≈ 9xMs, it seemed ‘natural’ to guess that the new 

Top quark would have Mt ≈ 3xMb ≈ 14 GeV

• Variety of theoretical models & predictions followed, e.g. Mt ≈ 27 GeV

• 1984 - PETRA e+e- collider @DESY, Germany, ruled out top quark with 

Mt< 23.3GeV

• 1984 - UA1 @ISR, CERN reported evidence for an excess of events at 

low MT(eν) 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 Mt < 45.8 GeV

• 1990 – UA2 @ISR set a limit on W→tb at Mt > 69 GeV, effectively closing 

the search channel W → Top (what if their masses are similar?)

• 1992 – CDF @Tevatron using Run 0 data excluded Mt < 91 GeV

• All along theoretical predictions increasing steadily with new limits…
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Top Quark Basics
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• In 1991 the world looked like

this and the intro to every top

search talk looked like that

The dawn of PPT in HEP…
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Tevatron Run 1a (1992/3)
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• The Tevatron pp accelerator worked

well compared to its performance during

Run 0 – significantly higher luminosity 

• The DO experiment recorded its very 

first antiproton-proton interaction on 

May 12, 1992 (“Run 1”)
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DO Event 417 - Intro
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• In DO 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-m analysis team (did not 

pass their selection cuts – low PT m; no track in CDC)

• I conducted my own search (“sanity check”) with looser cuts 

since I did not believe that at that early stage we understood 

our data and reconstruction well enough

• I consistently checked event displays for “my” candidates to 

verify the quality of the data and the reconstruction reliability
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DO Event 417 - Details
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• The then-current (Jan. 10, 1993) reconstruction determined PT
m = 8 GeV

• I 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) – everybody wins 

(higher efficiency, less misses, more attention to special cases, …)

• When asked in a DO-wide meeting on Jan. 15, 1993, I commented that the most 

conservative interpretation of this event within the Standard Model was 

tt  e + m + 2 Jets + ET

(pT
m~195GeV; ET

e=~99GeV, ET~102GeV; ET
jets~25, 22GeV)
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DO Event 417 – Impact
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• 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 n’s!!).

• Few typical comments from very senior colleagues

 “The e/m 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. I wish the QCD group had something like this !!!!”

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

• DO 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 n’s) 

event was calculated to be in the range of 145 – 200 GeV. 
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DO Event 417 – Later On
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Tom Ferbel  –

Nucl. Phys. B

Sharon Hagopian 

– Top Turns Ten
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Lessons (1)
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• 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 media!

♦ Examine displays for “special” events

♦ Learn to recognize “features” in the data

Be creative, be innovative – your (our!) future is in your hands
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The Road to 

Discovery
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DO Top Group Organization
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• Run 1a of the Tevatron lasted for 2 years (1992 – 1993)

• Run 1b started in 1994 (and lasted until early 1996)

• I 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 1a 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 accountability structure

• So, on Mar. 29, 1994 we announced… 
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DO Top Group Re-Organization
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• Formation of formal sub-groups, including leaders in charge 

with well-defined responsibilities and deliverables (and 

timeline…)



DO Top Group Mailing List
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• 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…

• So, we created a mailing list, consisting of 75 members, 

which was ordered by people’s activity/sub-group
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DO Updated Top Mailing List
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• Later on (in Nov. 1994) it was updated

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

 Better recognition of individual effort

• These were the main people driving the Top search in DO
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DO Top Group Objectivity
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• Trivial statement – we were all eager to discover the Top 

quark 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 DO we called them “certified object ID”, 

but back then that was a very new concept and not very 

popular move (how can you tell the experts what to do?…)

• So 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  
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Summer 1994
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• The search for the Top quark in experiments worldwide 

has been going on for at least the last 17 years

• Limits, limits, limits…

• SM fits increasing steadily with new limits…

July 3, 2015 Boaz Klima - HCPSS2015



Summer 1994
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• At the Tevatron, the CDF and DO collaborations finished 

analyzing their Run 1a data – both having similar 

(“expected”) sensitivity to Top pair production

• CDF published a paper claiming evidence (2.8s) for Top 

quark production with a cross section that was twice as large 

as predicted by the Standard Model

• DO’s result (1.9s) was consistent both with CDF’s and with 

no signal – its “measured” stt 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?)



Detour - DO and Conferences
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• The DO collaboration had a Speakers Bureau (SB), headed by 

Sharon Hagopian (FSU), which assigned DO talks at 

conferences and workshops

• As convenors of the Top Physics group at DO, we regularly 

recommended to the SB on candidates from the Top group for 

talks at conferences; obviously never ourselves

• In November I received an unexpected invitation from Sharon 

to give a “standard” status of Top Search talk at Moriond 1995

• I hesitated since

• There was nothing new yet from Run 1b

• Just another “Search” talk…

• I didn’t ski

• I finally accepted since we had to send name to the organizers
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DO Top Group Meetings
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• During 1994 the Top group had regular bi-weekly meetings

• Nick and I did not make presentations except news/updates

• When things started heating up, we changed the frequency to 

weekly meetings and… I made an exception early in January
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Lessons (2)
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• As a leader 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

 Organizationally – 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!!
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Discovery
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New Strategy for Discovery
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• In very early January 1995, after seeing that the significance 

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

~sqrt(N)), I proposed a change in strategy
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New Strategy for Discovery
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First Sighting
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• Following that change, we saw SIGNIFICANT signal
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Unbiased (=MC) Optimization
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• And then it was time for unbiased systematic optimization
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• 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!

DO Top Discovery Marathon
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Top Quark Discovery
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• Both collaborations submitted simultaneously their discovery 

papers to PRL on Feb. 24, 1995 at 11am CST (not that 

anybody is counting…)
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Submission of Top Discovery Papers
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DO Top Quark Discovery Paper
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CDF’s paper is available at PRL 74 (1995) 2626
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• Very important contributions – Mt and (Mt vs MW)



DO Top Meeting – Feb. 24, 1995
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• 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…
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March 2, 1995 at Fermilab Auditorium - Joint CDF/DØ 

Seminar Announcing the Top Quark Discovery
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Top Discovery - Media at Fermilab
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Fermilab 

Director

w/ Experiments’ 

Spokespersons



Top Discovery – Work of MANY
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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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Lessons (3)
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• 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
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Epilogue
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Top Quark Discovery - Media
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Beware! You are not in control 

of your message in the media!!

New York Times

Mar. 3, 1995
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• The Local and National media were enthusiastic about this 

major scientific accomplishment



Top Discovery in World Media
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• …and the exciting news went around the world…
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After the celebrations…
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• We (or I) learnt only later on that there was some cross talk…

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)

• It was (mis-)interpreted by some at 

CDF as a potential ambush…
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March 1995
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• A few more pics for the memories…

• …and I was packing and heading 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 !!!
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Moriond 1995
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Moriond 1995
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Top Results at LP95 (Beijing)
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• Back in January I was also 

invited to give the “DO Top 

Search” plenary talk at LP95



• The first page of my talk was…

Top Results at LP95 (Beijing)
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Top Results at LP95 (Beijing)
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• The second page looked like this…

• In 3 months we went from search to discovery to studies… 
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Ten Years Later - Top Turns Ten
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• …we saw/heard variety of experiences/perspectives…
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OMG !



Top Turns Ten
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• …including on event 417…
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Top Turns Ten
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• …and we even got the view of those who left the field…
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To Sum It All Up
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Following 2 decades of intense searches worldwide, the Top Quark was 

discovered at Fermilab by CDF and DO 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!

July 3, 2015 Boaz Klima - HCPSS2015



Thank you!


