Pisa and the Collider Detector at Fermilab: a brief history of
the establishment of precision physics with a calorimetric magnetic
spectrometer at a hadron collider- very US-centric
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Three Themes in my talk:

1. The leadership role of Pisa in the CDF
tracking and calorimeter design and
construction

2. The development of precision mass
measurements at a hadron collider using a
magnetic spectrometer with precise
tracking followed by good calorimetry
(aka‘EibW

3. The essential role of Pisa hardware in
the discovery of the top quark and the
extensive B-physics results



Magnetic Spectrometer momentum
and momentum-independent
calorimeter energy:

A top quark
event with

b-tags

A. Mukherjee and A.B. Wicklund: development of E/p method for the Z-mass measurement



The path to precision physics at a hadron
collider (heresy among some in Calif.)

The start of high-PT physics (in US)
The chaotic road to Ear- in Tevatron
Cronin starts the Co ider%x eriment
Dept.- ZGS-MR (p];g, MR, Tevatron
Collider Detector: Giorgio Pisa MOUs
Precision physics: calorimeter behind
a {)recision tracking system: E/

Silicon Vertex Detector, Silicon Vertex
Tracker- real-time tracking

CDF (Pisa) footprint on hadron
collider detector development

W and Z precision masses; top, B_s
mixing, .... and the end... (almost)



Berman, Bjorken, and Kogut (BBK)- 1971

PHYSICAL REVIEW D YOLUME 2, NUMBER 11 1 DECEMBER

Inclusive Processes at High Transverse Momentum®
5. M. Berman, J. D B]c-rLrF-n. and J, B. Kogut

Stanford Linear Acceleratar Cenler, rd Urinersify, Staw
(Hecely r:'l » August 1971}
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lhr' ooncept of |.1-"r:|-—u1|.-l. seess, and predicts the existence of “multiple cores™ In such
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BBK Predictions on hard parton scattering,
annhilation to the W and Z, direct leptons,...

L REVIEW D YVOLUME ¢, NUMBER 11 1 DECEMBER 1871

Inclusive Processes at High Transverse Momentum#*
5. M. Berman, J. D, Bjorken, and J. B. K-JEuﬂ
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ulate the p
g from a pa

T the parton model, and conclude that th
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FIG. 1, Secondary-particle distributions as calealates
in the parton model and compared to diff raetive bae
grounds for typieal NAL conditions,
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First Results- 1972- see
power-law behavior and
energy dependence at large
Pt

BUT- ISR beat us to punch
line (sadly, and barely)
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From Rick Field’s Lectures at UC, July 2006

Telagram (sic) from Feynman
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What Collides at Fermilab?

OPTIMISTIC COLLIDING BEAM‘SCHEDULE

firaig Moore May 78 Eq. Beam to cooling ring.
R Y s Edper, . ]

«tan Ecklund Aug. 78 AIP B0 colliding beam area (pit).
Lee Pondrom :

‘m Griffin Oct. 78 Oper. Test rf bucket bunch]ng in Main Ring
fim Bridges : (.10 o 1).

im Griffin Oct. 78 Oper. High harmoiic cavity.
Gil Nicholls

Jon Young a0t AIP Cool proton:

Fred Mills GPP

Zeter McIntyre : Oper.

Ed Gray Eg.. ! 4 T e
Oon Young : Oper. RF in cooling ring - accumulate 30 protons
Fred Mills e ¥ ; : sl Seita e B
Jim' Griffin. .

Bruce Chrisman Oper. Extract 100 GeV protons at P17 targct
¢Don;Edwards 1 o y for p productlon.

.Stan Snowdon-’
George Chadw1ck,

Carlos Hojvat - 79 _ Oper. 10 protons in Booster - acceleratlon and
kelth Melsner . : . 'deceleration - H in Booster S quch
X reversing of GMPS. .. : ;

Bruce Brown .:ff» ¥ AIP  Cooling ring to Booster connectxon. 7
Cr2ig Moore " :
‘Dave Johnson

Stan Ecklund _ - GPP  Low B in Main Ring and RBO.
Eooin s Oper. ]
Equip.

Bruce Chrisman AIP P's to Booster and Coollng Rlno = IO*GeV
Bruce Brown . -~ : Equip. protons to Main Ring in reverse 11ne and
Don..Edwards = s clrcalatlna at 10 Gev. | .

Stan Snowdon . pErEEr T : i e s VEER A

Stan. Pruss hj_'HMar, 79 Oper. . Main R1ng vac. 5 x 10-9 iérf'ff' :
Stan Ecklund . Mar. 79 Oper. Luminosity lifetime at 250 GeV >. 3 hours
Qoy“kubinsteiﬁ Mar. 79 AIP Ma1n Ring abort - both dlrectlonf.

on Young et al. Mar. 79 Oper.

an Ecklund June 79 AIP ‘F1nlsh BO Collldlng beam area.
:e Pondrom :

an Ecklund July 79 Eq. Circulating protons in reverse d1rect10n in
ohn Dinkel ; : Main Rlng at 250 GeV.

:an Ecklund Oct. 79 " Eg. Test kissing scheme in Main Ring.

‘es to: Those listed above

. Accel. Div. Group Ldrs.'
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Fermilab (not Jim’s Dept.) still
a mess a year later...

But, with Dennis Theriot and a
really good crew derived from
the group... (Dennis is a much
unsung hero):

Colliding Beam Experiments Department"

e, :
.a F Fermilab

Colliding Detector Facility Meeting Minutes

September 15, 19/8

Present: H. Frisch, M. Peshkin, A. Tollestrup, J. Rhoades,
J. Walker, B. Diebold, L. Holloway, R. Loveless,
I. Gaines, T. Collins, T. Rhoades, P. Limon,
(¢]

. Ankenbrandt

Alvin announced that there will be a review of the
entire collldlng beam possibilities at Fermilab in the
second week in November. In order to present this Group's
work in a coherent fashion at that time, Alvin asked that
each Group Leader have a written report on his section
hy October 1, 1978.

A very lively discussion followed on which of the
several options (pp, PP in MR, pp in Doubler, etc.)
was the best one to push here at Fermilab given CERN's
pp program and their much larger financial commitment.
Alvin appointed three groups to study various questions
since the answers were not clear to those present
at this meeting.

A. I. Gaines, B. Diebold: Monte Carlo pp interactions
to determine if the unequal
energies present any problems
for the detector we have been
considering.

B. R. Loveless, T. Collins,

S. Ecklund: Squeezer magnets if no pre-
bending.
Ce P. Limon, H. Frisch, =
C. Ankenbrandt: pp luminosity estimates.

e Delegated to meet with Huson and
el settle MR (on ZGS?) luminosity
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Early Accelerator Decision-making

‘r,’(:% Fermilab

o,
(=]

MINUTES OF THE QOLLIDER DETECTOR FACILITY MEETING

November 20, 1981

Report of the Review Committee

for the Fermilab Antiproton Source Design Report 1. Dave Ayres reported on visit to UA1/UA2 at CERN. Rubbia claims 500

people were working on UAlL at height of its construction (and that CDF
is harder). Parts of the UAl end plugs have suffered some radiation
damage (estimated dose 10  rads). Dave described various UAl and UA2
calibration systems.

June 1981

T. Collins, D. Edwards, R. Johnson, I.Meshkov,
C. Taylor, M. Tigner, B. Wiik

Introduction

The Committee met June 8, 9, 10, 11 to consider the p
source Design Report. We have concentrated on the p
production and accumulation aspects of the design and have
not reviewed the Colliding Scenario described in Part 6 of

the Design Report. Tha Critorion for Avaiding Hob Spobs in Caloripetors — M. Selove

CDF-59 Luminosity and Very Small Angle Physics - G. Bellettini, C.
Bradaschia, A. Menzione

The design described in the Design Report appears to
the Committee to be adequate to meet the goals for p
production and accumulation listed in that report. It is
the conclusion of the Committee, however, that the stated
goals are far too modest. We @ecommend therefore that the

CDF-60 Feasibility of Operating Silicon Detectors Inside the Collider
Vacuum Pipe - C. Bradaschia, T. Collins, A. Menzione

Laboratory re-examine the desjf®goals for p production and = R
accumulation and develop a feadfbility design commensurate Cor-61 Prototype Pad Chamber Hadron Calorimeter - M. Ono and R. Yama
with the full potential of the Main Ring-Booster combination p— Eridcap Badven Calorimeters - G. Bellettini, R. Bertani, . Del

to produce antiprotons. Fabbro, G. s, B Seneibero

I. Comments on the General Schelge for p Accumulation COF—63 Tiybrid Shower Counters for COF - L. Nodul

CDF-64 Conceptual Design of a Forward Detector for the Antiproton-Proton
Collider - P. McIntyre et. al.
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1974, 75, 77 Woods Hole Panels, was not obvious how to
compete with CERN. Present configuration shown above.




1979- Giorgio and Paolo Giormini talk
to Alvin and Bob Diebold (per Giorgio)

Bovenbex 1983
(apolagies for the print quality)
2CREEMENT CDFTE

betwects the
55020909 hrjpg (JPEG Image, 2400 x 3000 pixel... http: fwms fnal gowstillphotos!1995/0200/950209 .. RESEARCH DIVISIN of
FERMT MRTIRRL AOCEIERAVTOR TARORATORY
and the
ISAMMMO NATIONALE DT FISICA NUCLENRE
Ttaly

T. Comozitism and Turpeas of Lthe Collaboration

This agecohent covers the ackivities that a teem of the Istituto
Nazionale di Fisica Nuclesre (DUN) of fealy, corprising 1 group from Trascati
and one foom Pisa, will carry cat in colleberatica with growps from Argonme,
Brandeis, Chiccgo, Fooeilab, Farvard, Illinoix, KIR, LiL, Pommsylvania, Poméus
Ribgere, Toras, Tsukuss, and Wiaconsin.

Tne goal of £ais coliaborative effo-t is the dosion, coastraction, and
Initial cperatioa of the Collider betecze= &t Fermil=b (CZF), a large detec—
tor which will be placed in the B interaction »agion to zimdy collisicons
ketwsen p and P beame £torcd in the Fermilah Bnergy Doubler, 1he scope of
tha datectar iz given in the Design Report:, The collshoration can be ex—
terded to other groups, o provided fox in Paragraph YWiI.

TT. Persommel

The fellowing physiciete are parcicipants in the collaberotion as mem-
bars of the Izalian team: §, Bariziwveci?*¥, G. Ballettiri*, F. Bedeachi*,
$. Partolucci**, L. Boeiein%, F, Corvelli*, M. Cordalli**, R. Del FPabhro*,
A, bi Virgilio®, E. Tocardi%, P, Gianmctti®, M. A, Ciorgi¥, ¥, Circmini**,
A, Menziora®, M. Pallctta**, L. Ristorir, A. Sanaoni*<, 3, Scribanot,
G. Tanelli*, R, Triviceiono*.

Tt is expected that other OGN physiciatz might join this qrowp din the
futura,

The leader of the Frascaii moup ia P, Giromini.

The leader of the Piza group iz G, Bellettini.
Lof1 FESEase The cpckesman for he INEN team is 6. Dellettind.

*Saziche di Pisa 011" TNPN 13
**Lsbovatori Nazicnale di Frascsti dell'INEY )



CDF Technica

DESIGN REPORT
FOR THE
FERMILAB COLLIDER DETECTOR FACILITY

(CDF)
AUGUST, 98I

T o CEOCY TR W W W W W W

Hans Jensen and HJF eds.
11/3/2017

Fisica e fisi

| Design Repor

August, 13as)
OESIGN REPORT

Fo o i S
For the Pormi lab Coll lder Detoctor Pacil ity {CoF)

Argonne National Labor atory

B. Musgrave, L. Nadulman, 3. Saver, L& oionl: Plebold, E. May,

Saver, R, Wagner, A.B., Wicklund

Universi ty of Chicago - H, Friach
ach,

M. Shochet €. Grosso-Pilcher,

;Tf'r?.':‘:‘;}’;t;%'%w_ Accelerator Laboratory - M. Atac, ¥. Bedeschi
5 Galnr\:‘!‘ ’T.(‘(,olxxna, T. Droege, J. Blias, J. ?renman'
iy Kadull ) <”. .‘rlm::()n, D. Gre 5 D. Hansson, H, Jenae_,-,.

’ « Rautzky, R. Kephart, ¥. Ono, R. Thntcher:

D. Theriot, A, Tol lestrup, R, Yamads 1 vob

Laboratori Nazic i ' ¢ e
i caeors Nazionali dell' INFN - Frascati - 5. Bertolucet,

M. Cordelli, P, Giromini, P. Sermoneta

T 2

—— = - e DTATWITNOUrg, m, schwitters

University of Illinois = sCe atoi
.”_.—’E[-'.i‘)l:l-- ______ 5 G, Ascoli, B, Eisenstein, L. Halloway,

KEX - S. Inaba, M. Mishina, X, Ogawa, F. Takasaki, ¥, Watase

Lawrence Berkeley |

> - W. Carithers W. Chi \
R. Kelly, K. Shins E / RARSNELy

Univerdity of Pisa - G, Bellettini, R. Bertani, L. Bosisio,

C. Bradaschia, R, DelPabbro, E. Focardi, MA Giorgl,
A, Menzione, L. Ristorl, A, Scribano, G. Tonelli

- V. Barnes, R,S5. Christian, C. Davisa,
A, Laasanen

Purdue Universit
A.F. Garfinkel,

Texas A & M - P, Mcintyre, T. Meyer, R, Webb

Tsukuba University - Y, Asano, S, Kim, X, XKondo, 5. Miyashita,

H. Miyata, 5. Mori, I. Nakano, Y. Takaiwa, K. Takikawa, Y. Yasu

University of Wisconsin - D, Cline, R. Loveless, R. Morse,

L. Pondrom, D. Reeder, J. Rhoades, M. Sheaff
1sa nel Novecento 14




Pisa/Frascati Took on the Hadron Calorimeters

Bovenkex 1983

ACRERMENT SDFTE
between’ the
RESEARCH CIVISION of
FERMT METIARL ASCETRRATOR TAROTRATIY

and the
ISAIMMO NATIONALE DT FISICHA NUCLENRE
Taly

Y. Compozitisn and Turpcae of tthe Collaberatioa

This agreowent covers the ackivitiea that a teem of the Istitito

T
Nazionale @i Fisica Nuclezre (DUN) of Ytaly, corpriging 2 group from P:asmf_tll{

and one feom Pisa, will carry oat in collebaratica with qrocps from Arconne,
Brandeic, Chiccqo, Fooeilab, Jarvard, Yllinois, ¥3K, Lo, Ponnsylvania, Padus
Riztgere, Toras, Tsukuss, and Wiaconsin.

Une goal of £iis coliabavative effo-t is the desion, coastrackion, and
Initial operation of the Collider betecmes &t Fermil=b (7}, a large detec—
tor which will be placed in the BU intevraction region to zitdy collisicns
ketwsen p and P beame storcd ir the Fermilab Bmergy Doubler, 1he sccpe of
tha detectar ic given in the Design Reporis, The collsboration con be ex—
terded ‘o other groups, as provided fox in Paragraph YEI.

TI. Personnel

The fellowing physiciete are parcicipants jn the ¢ollaberation as mem-
bars of the Italian team: 8§, Bartzivoc **, G. Bellettiri*, F. Bedeachi*,
$. Partolucci**, L. Boeiein®, F, Coryvolli*, M. Cordelli**, R. Del Pabhro*,
A. bi Virgilio®, E. Tocmdi®, P, Gianmctt:®, M. A, Ciorgi¥, ¥. Circmini*,
A, Merzione*, M. Pallctta**, L. Riatorir, A. Sanami*~, A, Scribanct,
G. Tonelli®, R, Trivicciono*.

Tt is expected that othner OGN physiciatz might join this qrowp in the
fotura,

The leader of the Frascati group ia P, Giromini.
The leader of the Piza qroup is G, Bellettini.
The cpckestan for ¥he MFN team is 6. Dellettind.

" Respongibilities of the Italian Growp

The responsibilities of the Italian team are as follows:

A, -Fabrication of the scintillator/BBQ towers, the light pipes, and
the associated photomultipliers, bases, and HV supplies for the
central and endwall hadron calorimetérs, and the shipping of this
material to Fermilab. This will have to be done according to the
time schedule indicated in Paragraph VI.

The iron structure of the calorimeters will be fabricated: by Purdue
and Fermilab.

The electramagnetic shower calorimeters of the central wnits will
be fabricated by Argonne and KEK.

B. B2ssembly of the hadron calorimeters at Fermilab, jointly with Pur-
due and Fermilab.

C. Calibration of the calorimeters with cosmic rays, light flashers,
and particle beams jointly with Pemnsylvania, Purdue, and Fermilab.
The Ttalian group will dedicate to the assembly and calibration work

at Fermilab a minimum of:

Central Hadron Cal- Paolo Giromini (Frascati)
End Wall Hadron Cal- Giorgio Bellettini, Aldo Menzione, Angelo

Scribano, ... (Pisa) 15
sa nel Novecento




The Development of Si Detectors at Pisa

11/3/2017

S.R. AMENDOLIA, F. BEDESCHLI, E. BERTOLUCCI, D. B!
C. BRADASCHIA, M. DELL'ORSO, F. F IDECARO, L. FO.
M.A. GIORGI, P.S. MARROCCHESI, A. MENZIONE, G. RA
A. STEFANINI, R. TENCHINI, G. TONELLI and G. TRIG:

Resolution and linearity of the position measurement of Pisa
operated in slightly underdepleted mode and take advantage of th
strips. 22 um resolution is achieved with readout lines sp:
detection of secondary vertices are discussed.
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v 2 VERTEX MINI-DETECTORS
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The desire to search for new particles with CDF points at
the importance of augmenting the standard design with
additional detectors for particle identification. With this
problem in mind, the central calorimeter modules have been made
removable such that, in the future, large acceptance
spectrometers could be assembled on either side of the detector
outside the magnet coil. Performing dE/dx measurements in the
central tracking chamber in association with TOF measurements

| Design Report

09 mm APART

-8

is another possibility. A very interesting possibility is also
to insert miniaturized dE/dx and tracking detectors in the
space (a cylindrical volume about 20 cm in diameter) that is
available inside the central tracking chamber around the
intersection point. We discuss here one possible system

employing  ESIESCOPEE OF MUITI-SIECTIONE STrfTom—weesbes—

(MESD) - Although MESD have never been used under our expected
conditions, enough is already known about this rapidly

ing technique to sketch a realistic design forj measur nd

develop s
= e ~immla marticlas with a resolution sufficient to
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17



';1"».: } 3

oy

11/3/2017 Fisica e fisici a Pisa nel Novecento 18



1 Run 2b: CDF SVX/ISL remains as is:

T-.-.-nnc-v-r
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Silicon Vertex Tracker (SVT)

Luciano Ristori

Media Help
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2009 W.K.H. Panofsky Prize in Experimental Particle Physics Recipient

Luciano Ristori
INFN

Citation:

"For their leading role in the establishment and use of precision silicon tracking detectors at
hadron colliders, enabling broad advances in knowledge of the top quark, b-hadrons, and charm-
hadrons."

Background:

Luciano Ristori was born in Prato (Italy) on December 13, 1948. In 1967 he was admitted at the Scuola Normale
Superiore in Pisa where he graduated in 1971 with the title of ODottore in FisicaO. His thesis was on the measurembnt
of the total p-p cross at the Intersecting Storage Rings (CERN-R801). In 1973, he joined the NA1 Collaboration at the
CERN SPS for the first electronic measurement of the lifetime of charmed mesons using an active silicon target. In
1977, he obtained a permanent position at the Italian National Institute for Nuclear Physics (INFN). In 1991 he took a
position of Associate Professor at the Scuola Normale Superiore in Pisa. In 1990 he conceived and proposed a trigger
based on secondary verticles (SVT) to the CDF Collaboration. The SVT trigger, was commissioned in 2001 and has
allowed CDF to perform measurements otherwise impossible, especially in the area of hadronic decays of B mesons
and barions, including the precise measurement of the Bs oscillation frequency. Since 1998, he holds a position of
Research Director at INFN in Pisa. He was Co-Spokesperson of the CDF Collaboration from 2003 to 2005. Since 2005
he is responsible for the whole Italian group in CDF.
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2009 W.K.H. Panofsky Prize in Experimental Particle Physics Recipient

Aldo Menzione
INFN, Pisa

Citation:

"For their leading role in the establishment and use of precision silicon tracking detectors at
hadron colliders, enabling broad advances in knowledge of the top quark, b-hadrons, and charm-hadrons."

Background:

Aldo Menzione was born in Massa (Italy) on June 18, 1943. In 1961 he started his studies in University of Pisa where he
graduated in 1967. Between 65 and 68 he worked on the CERN Karlsrhue Collab. The thesis work was Production of
neutral mesons decaying in all neutral secondaries. 70 73 at CERN-ISR-R8041. The reason for which this experiment is
still known is the discovery of the rising p-p X-section. Other interesting results were in the area of correlations among
secondaries and rapidity distributions as function of energy. 73 80 at CERN-SPS Experiments NA1 NA7. These
experiments led to relevant results in charm physics and meson form factors. Many technical innovations were
introduced in these experiments, most important, the active target, based on semiconductors. In the period 1990 -2000
he devoted part of his time to an astroparticle experiment CLUE finalized to establish a technique to detect the air
shower by the UV Cherenkov light. 80 now CDF at Fermilab. He participates from the beginning to the design and the
construction of the apparatus. Starting 1985 he had the responsibility of the design, construction and commissioning of
the silicon vertex. The device was relevant in the top importance in a variety of measurements done by the
collaboration. He has been responsible of the CDF-Pisa group until 2006.
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Pisa/CDF Achievements/Contributions

The silicon vertex detector- the top quark discovery and all the B physics,
including Bs mixing, would have been impossible without Aldo’s remarkable
talents and the hard work of the Pisa group

The Level-2 silicon vertex trigger- also essential to the B-physics program-
also impossible without Luciano’s talents and leadership

The technical and construction contribution to the calorimeters- led by Paolo
Giromini (Frascati) and Aldo Menzione and Angelo Scribano(Pisa)

The honing of CDF into a precision device through in-situ calibration by
playing the magnetic spectrometer tracking against the calorimeters (and
vice versa)

The many young talented young physicists who played such a large role in
running the detector and in the analyses in the Physics Groups

An ineffable contribution to the wonderful quality of collaboration- the senior
people provided leadership and a very high intellectual standard that was felt
by everybody



Backup Slides



CDF Pisa Anecdotes

1. Aldo and ‘Overlook’ in writing the TDR

2. Aldo’s petition on smoking in the Control Room

3. Paola Gianetti’s “That’s what it’s supposed to do” to
Myron Campbell after the FRED board worked 1% time

4. Dell’Orso0’s rule on time estimates

5. Send a ‘control Italian’ for radiation measurement

11/3/2017 Fisica e fisici a Pisa nel Novecento 24



The era of hard-parton scattering

2. Have a predictive theory,
experimentally tested widely
and deeply, of the strong
and electro-weak forces
(the “Standard Model”
(SUB)xSU(2), xU((1))

/

Fermi in his 1951 Yale Lectures:

“ Perhaps future developments of

the theory will enable to
understand the reasons for the

existence and strength of these
varidt® interactions....”

Fisica e fisicia P

6

18. ELECTROMAGNETIC AND YUKAWA

-
£ term. INTERACTION CONSTANTS

E/(u-*u-l Pa el

}/‘/e Pets, 1915 In the preceding chapter six interaction processes
3 have been discussed. They do not cover all possibilities. There
could be additional interactions among the elementary particles,
and besides there are particles whose existence is either known or
suspected which we have left out of consideration because too
little is known of their properties. For each of the six interaction
processes of Chapter I1 a constant has been introduced that
determines its strength. Three of them have the dimensions of an
electric charge and three have the dimensions of energy X volume.
The first three are

- M e—the elementary electric charge that determines the
l= strength of the electromagnetic interaction.

er—the interaction constant of the Yukawa theory deter-
mining the strength of the interaction between pions and
nucleons.

STRANG

es—the constant of an interaction that has been postulated
to act between pions, muons, and neutrinos, which could be
responsible for the spontaneous decay of the pion.

W ERK

The three constants with dimensions energy X volume are
¢r—the interaction constant of the beta processes.

gr—an interaction that has been postulated to act between
muons, electrons, and neutrinos and which could be responsible
for the spontaneous decay of the muon.

. gr—the interaction constant of & hypothetical process similar

to the beta interaction except that the electron is replaced
by a muon.

Perhaps future developments of the theory will enable us to
= understand the reasons for the existence and the strength of these

- various intemtiom.IAt present, however, we must take an em-
o S = pirical approach and determine the values of the various constants
STUSF | from the intensity of the phenomens that are caused m
Bl Mﬁecdnt@pendix 5 some of the possible relationships betw ious
¥ 7 constantsare discussed.
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