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The Detector

Key insight: granularity and hermeticity are more important than
energy resolution in detectors for e*e- collisions. Also, favor simplicity.

Run=5469%8 Evt=4881 o

Only gas detectors (no scintillators,
Cherenkov, etc.). Eventually, silicon.

End-caps like barrels, LCAL like
ECAL, muon chambers like hadron
calorimeter

ECAL with 220k channels (3cm?
pads).

Tracking HCAL using digital readout.
No aligned cracks anywhere.

And, of course, TPC with 180 cm
radius in 1.5 T field.

All this allowed energy flow algorithms
and use of beam-energy constraints.
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The First Paper

. Ip _mid October 1989, just a few days (!) after the first LEP run
finished, the four LEP experiments presented their first results:
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N How Was That Possible?

e By 1987, it had become clear that the best way to determine N, was,
perhaps surprisingly, to measure the cross section to hadrons at the
Zpeaki | 127 DT

Ohad — M% F2Z

with FZ — Fhad + gre + Nyrv

e From which: T 12
NVF€< T R, -3

— 2 0
MZUhad

where R. =Thw.q/Te and I'./I", were taken from the Standard Model.
(Since they are ratios of widths, their sensitivity to the then unknown
top and Higgs masses was rather small.)

» The key was to measure oy,4 precisely, for which one needed to
determine the luminosity precisely:

U:Ni_NZk and L_th—le;Z
l €;L N thO'Zhh

for which Bhabha scattering (¢"e~ — e'e™) at low angles was used.
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N How Was That Possible?

 The Bhabha cross-section has a strong dependence on the inner
acceptance of the detector
167’

\)

1 1

6°. @

min max

th
O'bh

so that Ad/o=2A0;,/ Oin=2AR ;, /Riin > It becomes mandatory to
know the inner acceptance very precisely.

 The Copenhagen group (Dines Hansen et el.) built the ALEPH
luminosity calorimeter (LCAL), and also came up with a very
ingenious way to define the inner acceptance and, overall, determine
the luminosity very precisely.



Luminosity Measurement

T Ol Lm0 O 1. Afiducial side was defined with a tighter
40 - T ] L boundary than the non-fiducial side.
] A A LA ] . .
A 42’%;2 z’/%% = 2. Difference has to be at least twice the
20 g ale ssaaae expected transverse beam displacement.
i S+ e ey
) 117777 77/® 3. Shower position in fiducial side was not
i " m - - i d
0 17777 defined as centroid but using difference
[ 0% 159077, : "
B/ N W e In energy deposition across pads.
s g o .
ol U2 % %7 4. Role of fiducial and non-fiducial side was
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Figure 2: The active area of an LCAL module showing the fiducial (hatched) and

non-fiducial (dashed outline) regions. The squares represent the PCB pads; they are The lumin OSity was measured with 2%

shown at z = 280 cm, the average position of maximum energy deposition. The bold line

shows the inner boundary of a more restrictive fiducial area which is used for systematic unce rta| nty Tal OCt 1 989 (VS ] 5% for the

studies. The support dowels are also shown. Other LEP eXperImentS), 06% |n 1990
and 0.3% (0.09% experimental!) in 1992,
D. Decamp et al., Z. Phys. C 53 (1992) 375 with the new luminometer SIiCAL,

resulting in Ny =2.983+ 0.034.



Electroweak Results (Oct 1989)

TPC selection Calo. selection

Hadronic events Hadronic +7 events Combined
Mz (GeV)  91.178+0.055 91.170 + 0.054 91.174 + 0.054
'z (GeV) 2.66 + 0.16 2.70 £+ 0.15 2.68 £+ 0.15
a°(nb) 39.1 + 1.6 40.9 £+ 1.7 -
oP***(nb) 29.3 + 1.2 30.5 + 1.3 -

o (nb)

Nv o 327 + O.24stat + 01 6sys + 0.05th

L.
89 91 | 93

ENERGY (GeV)

Figure 5: The cross-section for e*e~ — hadrons as a function of centre-of-mass energy
and result of the three parameter fit.

D. Decamp et al., Phys. Lett. B 231 (1989) 519



Electroweak Results (Dec 1989)

35._ /7 \

ALEPH

g (nb)

Nv =3.01 +0.1 5exp + 0.05th

(with luminosity measured with 1.3% precision)

o b L L
88 89 90 91 92 93 94 95
ENERGY (GeV)
Fig. &4

D. Decamp et al., Phys. Lett. B 235 (1990) 399
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Lepton forward-backward asymmetries
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Electroweak Results (Jul 1990)

First attempt to determine the top mass
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Mtop = (1 20 + 40 + 20Higgs) GeV

The external measurements of Mw drive the top mass to lower values.

D. Decamp et al., Z. Phys. C 48 (1990) 365
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Electroweak Results (Jul 1991)

Lepton forward-backward asymmetries
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Stand-alone determination of the top mass




Extremely precise luminosity with SiCAL

Electroweak Results (Feb 1994)

Stand-alone determination of the top mass

Mygpe = 300 GeV ALEPH
0.15
Background estimation: [
- Off-momentum beam particles 0.018% 0.14 %
;I.)hYSicsﬂ::‘o.urces 88;83’ F i event shape
rigger efficiency : 0 0.13 -
Radial fiducial cuts: ‘;: % /
- mechanical precision and z position 0.068% 0.095% *go - ' // /4
~ beam-module relative tilt and alignments 0.035% ' © T
— energy sharing cuts 0.044% r .
— shower parametrization and simulation 0.023% 0.11 |
Energy cuts 0.015% i 68 % C.L.
Acoplanarity cut 0.005% 0.1 -
[
Simulation statistics 0.120% 0.09 E l—> (TEVATRON Iimit)
: Mu assumed to be 300 GeV
TOTAL experimental uncertainty 0.153% 0.08 i
100 120 140 160 180 200 220 240
Mroe(GeV)

Table 1: Summary of SICAL luminosity systematic errors.

Figure 5: Contours of constant probability for the fit to the top quark mass, m,, and the strong
coupling constant, a,. The results of the event shape analysis [21] for a, are shown by the hashed
band. The Tevatron limit refers to the result of [23].

Miop = (184 +25.29 +17_1gHiggs) GEV
Last ALEPH result before CDF “evidence” paper in Apr 1994: Miop = (174 = 10 +13.12) GeV

D. Buskulic et al., Z. Phys. C 62 (1994) 539



lectroweak Results (Jul 1999
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Electroweak Results (Jul 1999)

 The final ALEPH LEP1 electroweak fit

result for the top mass was

M;(GeV/c?) = 192712 4 23 log,, { 1502;{;/ /02]
In slight tension with the direct
measurement by CDF and DO.

Combining the ALEPH electroweak
measurements with the external
constraints on Mt and as, ALEPH obtained

My = (527149) Gev

not taking into account the direct lower
limit, which at the time was ~95 GeV.

Figure 25: One-o contour lines in the plane of the top quark mass versus the strong coupling constant,
for My = 150 GeV/c?. The horizontal and vertical bands represent the world averages of other
measurements. The shaded area indicates variations of the Higgs boson mass between 90 GeV /c? and

1000 GeV/c2.

R. Barate et al., Eur. Phys. J. C 14 (2000) 1 29
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(\I>< |
g 37 |
5 _
- _
5 | Excluded w _
T T LA B B ! ' '
30 100 500

m,, [GeV]

Figure 8.13: Ax%*(mu) = X2.(mu) — X2, as a function of my. The line is the result of
the fit using all 18 results. The associated band represents the estimate of the theoretical
uncertainty due to missing higher-order corrections as discussed in Section [ The vertical
band shows the 95% confidence level exclusion limit on my of 114.4 GeV derived from the
direct search at LEP-II [§]. The dashed curve is the result obtained using the theory-driven
Aa}(i)d (m2) determination of Equation IRl The direct measurements of my and I'y used here
are preliminary.

Electroweak Results (Sep 2005)

* The final LEP1 + SLD electroweak fit
result for the Higgs mass was

My = (11174)°) GeV

« Combining these data with external M;,
Mw, and l'w, resulted in

My = (129175) GeV

A culmination of a long journey that
started in 1980, when the first ideas
about the ALEPH detector were
discussed.

S. Schael et al., Phys. Rept. 427 (2006) 257
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Electroweak Results (Sep 2005)

| can’t resist showing one not-so-random
example of the comparison between the
final results of the four LEP experiments:
tau polarization.

Figure 4.7: The values of P, as a function of cosf,.- as measured by each of the LEP ex-
periments. Only the statistical errors are shown. The values are not corrected for radiation,
interference or pure photon exchange. The solid curve overlays Equation el for the LEP val-
ues of A, and A.. The dashed curve overlays Equation &l under the assumption of lepton

universality for the LEP value of A,.
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Electroweak Results (Sep 2005)
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Figure 4.7: The values of P, as a function of cosf,.- as measured by each of the LEP ex-
periments. Only the statistical errors are shown. The values are not corrected for radiation,
interference or pure photon exchange. The solid curve overlays Equation el for the LEP val-
ues of A, and A.. The dashed curve overlays Equation &l under the assumption of lepton
universality for the LEP value of A,.
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The ALEPH Way (I

=

* | have never been in a collaboration with the level of scientific rigor
that ALEPH had, and | have been in many (9!).

e This was probably due to a combination of the tone that was set by
the most senior leaders (Jack Steinberger, Jacques Lefrancois,
Lorenzo Foa), and the spirit of the younger leaders that played crucial
roles in the collaboration (Alain Blondel, Gigi Rolandi, etc.)

e Gigi was Physics Coordinator of ALEPH from 1989 to 1994...and
then he became Spokesperson until 1997. So he held the

scientific leadership of the collaboration during the whole of
LEP1 and LEP1.5, and the first year of LEP2!

e Those “Tuesday meetings”, which Gigi chaired, where results were
approved before papers could be written, became the stuff of legend:

* | have never seen the same level of scrutiny of results and
subsequent papers.

* On the other hand, young people were scared to present...



The ALEPH Way (Il

 There were many fights within ALEPH, some of them even vicious
fights:

e TPC vs Calorimeter hadronic selection in 1989

=

e Energy flow algorithms (Orsay / Marseille / Annecy)
e Tau physics (Orsay / Ecble Polytechnique / Wisconsin / Gigi et al.)

e Searches in general and, in particular Higgs searchers (Orsay /
Wisconsin)

e Several others...

e Was this a consequence of having so many alpha-type individuals
within the collaboration? Could have this been handled better? Was it
consubstantial with the ALEPH Way?

* Even with its obvious shortcomings, | would still not change ALEPH
for any other collaboration | have ever been in.
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- Thank you!




