Tracking the Elusive:

50 Years of High Precision
Measurements with
Luigi Rolandi

The start
and end (?)
of ALEPH

Roberto TENCHINI
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| have known Gigi since 1977 ...
About half a century ago ...

| met him for the first time when
he was “esercitatore” (assistant)
of FISICA IX (YES 9 !1)

The physics course of Lorenzo Foa
at SNS

He was second year at
Perfezionamento SNS and he was
teaching students at SNS 1st year
“corso ordinario” how to solve
rather complex classical
mechanics problems 2
(well it was Fisica 9, not Fisica1!l) = I SNS_September‘76
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Roberto 1977,
the year | met Gigi




EUROPHYSICS LETTERS 1
Europhys. Lett., 5 (5), pp. 407-412 (1988)

A Measurement of D° Lifetime.
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Skipping NA1, NA7, NA29, etc. already covered ... and coming to the start of
ALEPH

Skipping also TPC construction (Francesco R.) and what has been covered
already by Ramon

The first thing | remember from Gigi at LEP, not linked to the TPC ...

)
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MPI-PAE/PTh 85/85
December 1985

TOPONIUM PHYSICS AT LEP

W. Buchmiiller, A. Martin

CERN, Geneva, Switzerland

J.H. Kithn
Max-Planck-Institut fiir Physik und Astrophysik
8000 Miinchen, Fed.Rep.Germany

F. Richard, P. Roudeau
LAL, Orsay, France

G. Coignet
LAPP, Annecy, France

L. Rolandi
University of Trieste, Italy
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Interference between the Z (94 GeV in this plot !) and
toponium with top mass of 47 GeV



After 40 years ! Toponium at CMS I (not 0 but 1,
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CrossMark
Abstract
A search for resonances in top quark pair (tt) production in final states with two charged leptons
and multiple jets is presented, based on proton—proton collision data collected by the CMS
experiment at the CERN LHC at /s = 13 TeV, corresponding to 138 fb~!. The analysis explores
the invariant mass of the tt system and two angular observables that provide direct access to the
correlation of top quark and antiquark spins. A significant excess of events is observed near the
kinematic tt threshold compared to the non-resonant production predicted by fixed-order
perturbative quantum chromodynamics (pQCD). The observed enhancement is consistent with
the production of a color-singlet pseudoscalar (IS([)”) quasi-bound toponium state, as predicted

by non-relativistic quantum chromodynamics. Using a simplified model for lS([)l] toponium, the
cross section of the excess above the pQCD prediction is measured to be 8.8 f{:ﬁ pb.
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The N, race: LEP vs SLC

ALEPH

Aleph: N =3.27 +/- 0.30 Ty 'E

o -- N =3 [

Delphi: N =2.40 +/- 0.64
Opal: N =3.12 +/- 0.42

o (nb)

L3: N =3.42 +/— 0.48
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loanna Videau about Gigi: “You stayed
awake for something like 50 hours
because it was absolutely crucial for
you to see the first Z in Aleph. —

Physics Letters B

Volume 231, Issue 4, 16 November 1989, Pages 519-529

B

Determination of the number of light

neutrino species

ALEPH Collaboration, D. DeCamp, B. Deschizeaux, ].-P. Lees, M.-N. Minard, ].M. Crespo, M. Delfino

,E. Fernandez !, M. Martinez, R. Miguel, M.L. Mir, S. Orteu, A. Pacheco, J.A. Perlas, E. Tubau,

M.G. Catanesi, M. de Palma, A. Farilla, G. Iaselli, G. Maggi...G. Zobernig

Show more v
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arXiv:hep-ex/0506072v1 28 Jun 2005

Tau physics: polarizzazione, branch

Gigi Rolandi first convener of tau
physics in ALEPH (with M. Davier and
C. Geweniger)

Branching Ratios and Spectral Functions of 7
Decays: Final ALEPH Measurements and Physics
Implications

The ALEPH Collaboration!

Abstract

The full LEP-1 data set collected with the ALEPH detector at the Z pole dur-
ing 1991-1995 is analysed in order to measure the 7 decay branching fractions. The
analysis follows the global method used in the published study based on 1991-1993
data, but several improvements are introduced, especially concerning the treatment
of photons and 7°’s. Extensive systematic studies are performed, in order to match
the large statistics of the data sample corresponding to over 300000 measured and
identified 7 decays. Branching fractions are obtained for the two leptonic chan-
nels and eleven hadronic channels defined by their respective numbers of charged
particles and 7%’s. Using previously published ALEPH results on final states with
charged and neutral kaons, corrections are applied to the hadronic channels to derive
branching ratios for exclusive final states without kaons. Thus the analyses of the
full LEP-1 ALEPH data are combined to yield a complete description of 7 decays,
encompassing 22 non-strange and 11 strange hadronic modes. Some physics impli-
cations of the results are given, in particular related to universality in the leptonic
charged weak current, isospin invariance in a; decays, and the separation of vector
and axial-vector components of the total hadronic rate. Finally, spectral functions
are determined for the dominant hadronic modes and updates are given for several
analyses. These include: tests of isospin invariance between the weak charged and
electromagnetic hadronic currents, fits of the p resonance lineshape, and a QCD
analysis of the nonstrange hadronic decays using spectral moments, yielding the
value as(m?2) = 0.340 £ 0.005exp £ 0.014¢,. The evolution to the Z mass scale yields
as(M2) = 0.1209 + 0.0018. This value agrees well with the direct determination
from the Z width and provides the most accurate test to date of asymptotic freedom
in the QCD gauge theory.

(Submitted to Physics Reports)
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He did personally
precise measurements
of tau cross sections ...
... at the end of ALEPH
referee of the main tau
papers

0.8

INg ratios, etc

OPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

CERN-EP/2001-027
March 2, 2001

Measurement of the Tau Polarisation
at LEP

The ALEPH collaboration*

Abstract

The polarisation of 7’s produced in Z decay is measured using 160 pb~' of
data accumulated at LEP by the ALEPH detector between 1990 and 1995. The
variation of the polarisation with polar angle yields the two parameters A, =
0.1504+0.0068 and A, = 0.1451 £0.0059 which are consistent with the hypothe-
sis of e-7 universality. Assuming universality, the value A.., = 0.1474£0.0045 is
obtained from which the effective weak mixing angle sin? 9{{{ = 0.23147+£0.00057
is derived.

To be submitted to The European Physical Journal C

*See next pages for the list of authors.



Tau, Energy Flow (Particle Flow)and everything else

ALEPH was just the ideal apparatus for tau
physics at the time;

Excellent tracking (TPC)

High granularity e.m. calorimeter
* VDET for tau lifetime

Tracks and calorimeters were combined for
the very first time with an algorithm, called

Energy Flow at the time and nowadays knwon
as Particle Flow

Used for many and eventually all Aleph
measurements

Gerri Ganis, Patrick Janot

Related work on reconstruction:
Giuseppe Bagliesi, Vincent
Bertin, Alain Bonissent, R.T.

Energy Flow Performance
studied with data

X
5 |
X ? { oot _ i
o ; 4 N |
Tool: radiative events 4




Tau lifetime

(Gigi was spokesperson in this period)

Francesco Fidecaro, Isidoro Ferrante,
Alberto Lusiani, Alberto Messineo,

Andrea Sciaba
Steve Wasserbaech
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Molte tecniche utilizzate : impact parameter
sum(MIPS) method, the impact parameter
difference (IPD) method, and the decay
length (DL) method , 3-D method
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(Gigi was spokesperson in this period)

Neutrino tau mass

Fabio Cerutti, Luca Passalacqua

EUROPEAN ORGANIZATION TOR CLEAR RESEARCT

BN PPE 9508

An upper limit for the 7 neutrino mass
from 7 — b (7" ), decays.

The ALEPH Collaboration'

limit

1.1

E. / Ebeam

0.95

0.9

0.85

m,=0 MeV/c’
—m,=23 MeV/c’

1.72 1.76 1.8
M, (GeV/c?)



Heavy Quarks before VDET
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I remember presenting these slides during a “Gigi
meeting”, then called Tuesday meeting and the
Thursday meeting
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CERN-PPE/91-T1
22 April 1991

Measurement of the Forward-Backward
Asymmetry in Z — bb and Z — cc

The ALEPH Collaboration
Abstract

From a sample of 150000 hadronic Z decays collected with the ALEPH detector at LEP,
events containing prompt leptons are used to measure the forward-backward asymme-
tries for the channels Z — bb and Z — ¢z, giving the results A}y = 0.126 +0.028 £ 0.012
and Agp = 0.064=0.039£0.030. These asymmetries correspond to the value of effective
electroweak mixing angle at the Z mass sin” i (m}) = 0.2262 + 0.0053.

1 1 L i 1 1 1 i 13 I 1 13 i ] l i 1 i I l 1

(Submitted to Physics Letters B)
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* Important use of Energy Flow (now
known as Particle Flow) for jet direction

O Il 1 1 1 |

-0.5

0.0 0.5
Cos0,

o

Duccio Abbaneo, Franco Ligabue, Fabrizio Palla, R.T.
Vivek Sharma

*See the following pages for the list of authors.

| remember presenting these slides during a “Gigi
meeting”, then called Tuesday meeting and the
Thursday meeting




0.8

0.6

0.4

0.2

(Gigi was spokesperson in this period and he
asked Duccio and myself to referee the paper,
well | didn’t complete the refereeing ... :-)
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Dave Brown

Precise measurement of R, and long saga

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

CERN-PPE/97-018
11 February 1997

Fabrizio Palla, Jack Steinberger

A Measurement of R, using Mutually
Exclusive Tags

The ALEPH collaboration

0.182

Abstract

five mutually exclusive hemisphere tags has been performed
iP1 statistics. Three tags are designed to select the decay of
e remaining two select Z° decays to ¢ and light quarks, and
ging efficiencies. The result, R, = 0.2159 + 0.0009(stat) +
t with the electroweak theory prediction of 0.2158 +0.0003.

68% CL

be submitted to Physics Letters B)
95% CL

0.164
0.214

0.216 0.218
Ry



B ||f€t|me (flna”y the rlght Oﬂe) (discussed at Gigi meetings)
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A, discovery

UNIVERSITA DEGLI STUDI DI PISA

FACOLTA DI SCIENZE M.F.N.

Tesi di Dottorato di Ricerca in Fisica

VIII Ciclo

MISURE DI MASSA E VITA MEDIA
DEL BARIONE Ab
CON L’APPARATO ALEPH

Candidato:

Paolo Spagnolo

Coordinatore:

Chiar.mo Prof. Lorenzo Foa

(Gigi was spokesperson in this period)

448 ALEPH Collaboration / Physics Letters B 380 (1996} 442452
v T
i o ALEPH 5
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Fig. 1. (a)Ac7 invariant mass distribution for the right-sign combinations and (b) wrong-sign combinations. (¢) Ap invariant masses for
the four selected candidates. Also shown are the average value and the PDG 94 world average. The dotted lines indicate the +10° values
around the ALEPH average measurement.

Gian Musolino, Paolo Spagnolo



0 (discussed at Gigi meetings)

)
B d I S ‘ O V e r EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

CERN-PPE/93-97
16 June 1993

Vivek Sharma

First Measurement of the B¢ Meson
Mass

“putod

N ALEPH ™ Bg—>y ¢ Run=15768  EvE-3906

The ALEPH Collaboration
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tector during the 1990-1992 running of LEP, two unambiguous Bg meson candidates
were observed.  From these events the mass of the Bg meson has been measured to

be 5.3686 + 0.0056(stat.) &+ 0.0015(syst.) GeV.
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(Submitted to Physics Letters B)
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Oscillations: first measur
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The 4 jets saga (130 and 136 c.0.m. energy)

From Patrick Janot: the four-jet peak’ (an excess of
events in the 130-136 GeV data of 1995) arose from a
search for hA pair production with no b-tagging
possibilities: the new Aleph vertex detector for LEP2
had just been installed and was neither aligned nor
entirely ready.

Clearly, the collaboration, led by Gigi Rolandi (who
brilliantly mastered the situation), had learnt from
the past (*) and managed to handle this situation
much better. We even succeeded in convincing the
other three collaborations to run once again at 130
and 136 GeV. Eventually, ‘we found no other
explanations than a statistical fluctuation.’

(*) he refers to the IV saga
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LEP2 : surprise from WW cross section (and confession
from theorists ... O(0) Were misSiNg ) (cigi was spokesperson in this period)

—— Gentle
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Higgs at 115 GeV ?

CERN-EP/2000-138
November 13, 2000

Observation of an Excess in the Search
for the Standard Model Higgs Boson at ALEPH

The ALEPH Collaboration *
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End of ALEPH ??? We archived
data for long-term analyses !!
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Abstract

A search for the production and non-standard decay of a Ilwgs boson, h, into four taus
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level.

T. Gehrmann
Institut fiir Theore: e Physik, U ersitit Zirich, Winterthurerstrasse 190,
CH-8057 Ziirich, Switzerland
[E-mail: thomas.gehrmann@physik.unizh.ch

arXiv:0712.0327v2 [hep-ph] 11 Feb 2008

E.W.N. Glover

arXiv:1003.0705v2 [hep-ex] 19 Apr 2010

Institute of Particle Physics Phenomenology, Department of Physics,
University of Durham, Durham, DH1 SLE, UK
E-mail: e.w.n.glover@durham.ac.uk

G. Heinrich

School of Physics, The University of Edinburgh, Edinburgh EH9 3JZ, UK
[E-mail: gheinric@ph.ed.ac.uk

H. Stenzel Submitted to the Journal of High Energy Physics (JHEP)
IL I Institut, Justus-Licbig Universitit Giessen
Heinvich-Buff Ring 16, D-35392 Giessen, Germany

E-mail: Hasko . Stenzel@exp2.physik.uni-giessen.de * See next pages for the list of authors

Statement on the use of Aleph data for long-term analyses.
The Aleph Collaboration

The data collected by the Aleph experiment in the years 1990-2000 have been archived to
allow their use for physics analyses after the closure of the Collaboration. The archiving
includes the last set of simulated events and the most updated version of the analysis
software.

Limitations.

The available information is not sufficient to repeat all analyses, particularly when
systematic effects play an important role as, for instance, for precision measurements in
the electroweak sector. Examples of physics analyses that cannot be repeated on archived
data are

¢ The measurement of the Z lineshape

¢ The measurement of the W mass

¢ The measurement of the tau polarization

* The measurement of leptons and quarks forward-backward asymmetry

* Most heavy flavour measurements, such as the measurement of Ry, of the CKM

matrix elements, of By and B oscillations
* The searches for the Higgs boson
* Many searches in the Susy sector

Authorized Users.

The use of archived Aleph data is authorized to former members of the Aleph
Collaboration and their collaborators. The use of a subset of data for teaching and
pedagogical purposes, under the guidance of former members of the Collaboration, is
allowed.

Authorship.
The publication of results based on archived Aleph data is not allowed until 1 year after

the official termination of the Collaboration, foreseen for the end of 2004. The authors of
the analysis take full responsibility for the publication. Any figure, plot or table using

leph data should contain the label “ALEPH Archived Data”. A reference to the present
A L E P H O e n D a t a u S e a ot a St re S u ent “Statement on the use of Aleph data for long-term analyses” must be present in
blication.

arrived a few days ago

Approved by the Aleph Steering Committee
CERN
4 December 2003

Marcello Maggi deserves a big thank for coodinating it



Two-Particle Correlation in e*e™ Collisions

~at 91.2 GeV with ALEPH Archived Data

L3525 ‘.‘“\QQQ\‘\,\;&\{ * The first two-particle correlation analysis in e*e- performed in
%5 7;' t\\\\‘ . . g s
2 A bins of event multiplicity up to N = 35 - 55

g
'l‘cfv:v‘t\‘*\‘

 No significant ridge signal is observed in beam axis analysis
* « Thrust axis and jet region veto are employed to enhance the

¥ signal from soft radiations
- ALEPH-HZFiEL.'M'NARY  No evidence of the final state effect in the probed event
008 - ;fr;s”miii multiplicity ranges:
006/ :;‘;2?;“;:£:ﬁmnw 1+ An important reference of the ridge signal observed in pp,

— Archived PYTHIA 6.1 MC

pA, dA and AA collisions

Gigi was CMS physics coordinator at the time of the
T CMS “ridge”, then checked with the ALEPH TPC !

Yen-Jie Lee (MIT) Two-Particle Correlation in e+e- with ALEPH archived data 23




It has been a
great honour
(and fun !) to
work with you
Gigi |

We live to learn
and lI've
learned a lot
from you and
many other
great
colleagues !



July 1996 at ALEPH party

ML




