


The EHS proposal

In the mid 70’s beam energies of several hundreds GeV were becommg available in the CERN
NA from the SPS

A number of European groups jomned together to study and design a general purpose apparatus
with a rapid cycling bubble chamber as an imagmg vertex detector (as opposed to a very large
bubble chamber). It was called European Hybrid Spectrometer.

It has been dear since the beginning that, even if magnetic analysis of the secondaries was
to be provided by the high magnetic field (3T) on the bubble chamber, a full fledged
magnetic spectrometer was needed for the high momentum secondaries.

Further basic elements were the gamma detectors, and particle identification
We, n Padova, jomed forces with Oxford and RAL, leading the design and buildmg of
RAL the bubble chamber

Oxford ISIS, a large drift volume with a smgle horizontal sense wires plane providing
mmages and 1onisation of the tracks
Padova with Rome, Trieste and Genova; the Forward Gamma Detector, a Pb glass wall,

measuring energy and directions of the photon showers

Oxford, Padova, RAL and Trieste, submitted a physics proposal based on a 350 GeV 1 beam. Its
scopes were very broad and did non mclude yet charm physics
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The EHS proposal

Advantages of a rapid cyclng bubble chamber discussed by W . Allison et al. CERN/SPSC 74-45;
CERN/SPSC 75-15

Part A. W. Allison et al. CERN/SPSC 76-43
Part B. W. Allison et al. CERN/SPSC 78-91: CERN/EP/EHS/PH 78-10
Part C. G.A. Akopjianov et al., CERN/SPSC 78-91
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Fig. 1. The European Hybrid Spectrometer as used for the NA27 n~ exposure

The EHS as used by NA27 in 1983 with LEBC and PIC (A. Bettini et al. Proc. Conf. on Miniaturisation
in high energy physics (Pisa 1980)) In the magnet origmally foreseen for the bubble chamber
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Charm from neutrinos. 1979

In the summer of 1979 A. Zichichi organised n Geneva the EHS International Conference on
High Energy Physics

Marcello Conversi summarised the status of “Lifetime of charged hadrons produced m neutrino
mteractions™

In the Introduction Conversi writes:

“Until recently rather conflicting results have been reported from experiments based on different
techniques, concerning the hifetime 7, of charmed particles. Thus, some three years after these
new states of hadronic matter were found as predicted by the “GIM mechanism”, no conclusive
answer could be given to the fundamental question of whether or not the decay rate of charmed
hadrons i1s governed basically by the Fermi weak constant as expected.”

“The theoretical prediction 1s that charged particles all have hfetimes of the same order of
magnitude, essentially determined by the rate of the charmed quark ffdecay. Including first order
gluon effects and correction for the finite mass of the s-quark the value of r.= 5 x 10-!° has
recently been reported (N. Cabibbo, G. Corbo and L. Malani: in press)”

Conversi describes 3 expermments (his own WAIL7 at CERN and 2 at FNAL)
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BEBC pictures are visually scanned searching for secondaries origmated m the emulsion
stack, which 1s both the target and the vertex detector. BEBC, m a 35 T field acts as a large
acceptance spectrometer
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Al Charm 1979

Hybrid BEBC + emulsions E-546. 15’ bubble chamber

Charge | Nature | Decay time Dt 9 =125 +3.5 x 10-135
(10-13 g) -1.5
- ? 0.5-1.2 0 +35 _13
D"7  T=|35 x10" s
- A 7.340.1 -15
? ;

M 1655 E-553. 15’ hybrid spectrometer + emulsions

0 meson 0.2-42

0 7 04-25 no candidate

Our conclusions

*E546 confirmed that the spatial resolution of traditional bubble chambers is not sufficient
*cmulsion resolution OK, but statistics, for traditional techniques, are margmal

*wide acceptance spectrometer, with full magnetic analysis of charged tracks, gamma detectors
(energy and position) and particle ID are needed

*We were building the EHS hybrid spectrometer, we had built automatic film measurement
devices (at Oxford, Padova and CERN)

We needed a high resolution, at least 30 pym, high rate imaging vertex detector!
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LEBC. The idea

A bubble chamber might be the solution, provided

swe would be able to take images of bubbles as small as 20-30 pm with a high enough
contrast

*we would be able to reach a high enough bubble density along the tracks
*how close can we approach the foam limit, while keeping stable operation conditions?

*we would be able to cycle the chamber at high rate (30-50 Hz) for several millions of
cycles

Hemrich Leutz and his group, with the experience of BEBC, the large H2 bubble chamber, had
the idea that lead us to the success: the Lexan Bubble Chamber.

LEXAN is a clean thermoplastic polycarbonate previously used n the BEBC Track Sensitive
Target

The first LEBC was used m NA13 without the spectrometer.
In the followng years more improved versions of LEBC were built by CERN

A Hervé, et al. Proc. Conf. on Mmaturisation m high energy physics (Pisa 1980)

17/9/101 A. Bettini_ INFN 7



LEBC

The first { NA13) configuration
Volume = 1 litre , 0= 20 cm, depth = 4 cm

Fiiling Walve

Axis: horizontal, perpendicular to the beam
No B field
Ilumination: bright field
Lens: f= 180 mm @ F/11
diffraction imited @ 30 pm
ficld depth = 2-3 mm
Lateral magnification = 1/3.25
Slow spill beam with 1.2 s flat top
Beam section @ LEBC: 2 mm (H) x 80 mm (V)
Expansion Ap = 4.1 bar (from static 7.4 bar)
Fig. 2. The chamber body of LEBC, fabricated from LEXAN,

W::t]'ljl'l E:‘:cfuppﬂ: part of 1h-:dr;:u1:mgu1;:r frame the T‘;’f[“”if cir- Flash dﬂiﬂ}r = 200} s for 40-50 Hm bubble
Cular seals or valve, _E_;LI.IJ::E an 1eal-exc -'L]'IEL"F ATE VIsiDle E: ... o
diameters and high (=70/cm) bubble density
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Depth of focus and resolving power

To distmguish to pomnt sources (bubbles), the two
wave fronts they produce must differ at least by A/4
@ the lens

Jul.ﬂj’p

D

To have both pomt sources (bubbles) n focus the
two wave fronts must not differ by more than A/4

@ the lens , D2
Ap=£-2), ‘
D %
High resolving power =>small depth of field /
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NAI13. LEBC is working

NAIL3. An extension of the - proposal by Brussel, CERN, Oxford, Rome, RAL, Trieste
June-July 1979, First run of LEBC. One view only. mp @ 340 GeV

Exposure: 2.5 events/ub (48 000 events)

Simmple mteraction trigger, requesting outgoing multiplicity = 2

LH2 as target iquid important to minimise background from secondary imteractions and gamma
CONVEersion

Remammg expected main topological background from strange particles decays

Detection of charm production via topological signal by scanning (twice) the pictures

Expected decay lengths for a lifetime of =1 ps 1s L =3 cm, but detection is based on transverse
distances such as xand y .

Pr

X =—1Ic
m

Expected x = 60pum for r =0.1 ps, even if L =several mm

W. Allison et al. Phys. Lett. 93B (1980) 509
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NA13. Example of associated production
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NAI3. A golden C3 event

Small background in C3 topology (strange V° charged track from primary vertex overlap)

. e - - a v ..
* *® 3 _prong’decay, no ;

track pomting to
primary vertex
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NA13. Topologies, signals and backgrounds

Careful study of the statistical properties of the strange (longer lifetime) background m than
parr production candidate events

Evidence for signal m the a priori defined “charm region (L < 3 cm, x <60 ygm)”

ev. type observed pars | cale. backgr. signal
All 20 8.2 11.8
cC 5 0.8 42
CV 10 40 6.0
VvV 5 34 1.6

Significant evidence of charm par production by hadrons (o= 40 ub)
Significant signal in 3-prong topology (0,* =35 ub, 7= 1012 5)

We had a working vertex detector, LEBC, with the requested spatial resolution, bubble
density, rate and trigger ability

we had, as expected, backgrounds, but they looked manageable

We needed the EHS spectrometer immediately
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NAl6. LEBC + EHS

LEBC

2 stereo views. Spatial resolution = 40 ym

*Kicker magnet in the beam to suppress earlier tracks

PIC

*Matchng between LEBC and spectrometer resolution. Proportional Inclmed Chamber (100 ym
spatial resolution, 300 um two track resolution, track element angle +1.5%)

EHS (partial)

smomentum analysis spectrum. [Ap/p =22 x 10~%p (15 lever arm), 04 x 10~*p (2" lever arm)]
scamma detectors [ﬁEsz][l%th+2%; Am(m™) =20 MeV]

spictorial drift chamber ISIS1 giving ionisation data (first module)

Exposure. June 1980

*360 GeV beams: s (7.8 ub ) and p (7.3 ub)
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Phys. Lett. 102B (1981)

NAI6 V2 V4 atvmcal eventass

| T —————— e p——

Independently measured in three laboratories 4- ; S

Six tracks fully analysed m the spectrometer “‘_ h‘f :_,_ " o | . .
Particle ID mn ISIS1 (only 60 sense wires on 32!‘]}"-‘ :

6 y detected mn the calormmeters (energy and _ v, \

positions); 3 and only 3 a™ s reconstructed ——— ol e

Interpret as associated production of

ﬂﬂ . K—H+HGHU Eﬂ . K+.?I+J'I_.?I_
m=1857x0022GeV  , _1862=+ 0.009 GeV.
p=1190=x0.6 GeV p=785x0.3GeV

-13
7= (21£0.0)x107"s 7 - (50:0.1)x107 s

Tonisation measured in ISIS1 agrees with the K* and
K~ assignments

LEBC + EHS work beautifully

D lifetime is small < ps, confirming emulsion experiments Adeva et al. Phys. Lett. 102B (1981) 285
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NAI6. Main results Phys. Lett. 122B (1983) 312

Backgrounds from secondary interactions and gamma conversion negligible (LH2)
Mam background from strange decays suppressed taking x <60 ym
77 events contaming 60 dentified charm decays
52 of them have a good over constramed (2C and 3C) kinematical fit
23D, 20D=*,9 D_, A_, charm ambiguous
Selection of L=I_. for reliable calculation of the efficiency

min

16 D", 15D, a)
W(D%)=(4.153)x107"s  w(D*)=(8.4733)x107s

R_TDY) _, 14 BEAM
o(D")

Decays of charmed particles had been described in the ¢ gquark spectator model.

Comparison with yu decay had lead to an universal lifetime for all charmed particles
of =T7x10-1s
But we found that the lifetimes of charmed mesons are different

¥ production n the SLAC bubble chamber 213 13 K 13
with ad hoc high resolution camera (1983) Tpt = (T.d_z_ﬂ)xlﬂ s Tp" = (E.E_I_E)xlﬂ >
v beam at FNAL on emulsion +

+10.5 -13 +.53 -13
spectrometer (7 D7, 5D#) (][I 324 ) x107"s T (1 002, 31) x10"""s
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Charming lives

Charm decays had been believed to be D™ decays pP decays
dommated by the “spectator’” graph, U T,
hence that lifetimes of all charmed T
, +, d
hadrons were nearly identical , W:t C: , W:_- C:
L o -~ = & C = - 5
Sources of possible differences 4 O " <!

Twao identical &'s in the D*. not m D°

ET L. ' 5
decay (effects of Pauli?) wt — - g
D* and not D" has an annihilation - 1 u ' C:u

channel open, but it is Cabibbo- T
suppressed

bp c wt I ¢ W U
D" W exchange is suppressed too W‘"_ —_.-_!j_._.—
(helicity and colour) d__ o 4a T ol

Pengums are Cabibbo, helicity and

colour suppressed o ) o . o
We were only at the beginning. To disentangle the contributions of the different graphs and

their possible interferences, the lifetimes of all charmed hadrons, both mesons and baryons,
had to accurately measured. (Achieved in =2000)

17/9/101 A. Bettini_ INFN 17



The Nagoya X events. 1971

We did not know that

First evidence for X particles by the Nagoya group (K Niu et al., Prog. Theor. Phys.
46(1971)1644)

¢ Projection

I Progcton ¥ Progeciion

‘./H/L\; .LET\'?:_ /ji .
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2 multi TeV events

I reigeni periciy
Sketch of AECc:3 !

- AN

i I .
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The two lifetimes of X particles

K N, K Niwa et al.(Nagoya, Tokyo, Yokohama)
14th International Cosmic ray Conference at Munich 1975

15 — total

Integral number
N

0
t(charged) =20 x 10~ 5

T, [10-12 §]

T (neutral) =4 x 10~ 5

17/9/101 A. Bettini_ INFN

20



LEBC M SAD 1515 IGD NG FC TRD FGD FMC

W U3 WO Wl PIC 12 W1 i3] o2 o3 M2 DL 0s it
HOCt  PIC 34 |
HOCE

i | i 1 1
[ W

gl
LI

Aims
improve precision on charm lifetimes

improve knowledge on hadroporoduction of
charm

Production cross-sections, o, doldp,, doldx,
Branchmg ratios
2 different beams

360 GeV m-. 16 ev/ub

400 GeV p. 385 eviub
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Charm hadroproduction

At the time NA27 was proposed, the size of the hadroproduction cross section of
charm particles was a puzzle

At the Stockholm Conference on HEP, L. Montanet recalled the followmg “history™ of
olpp —charm) @ Vs =25 GeV

1976 App—=charm) < 15 ub (@90% cl)
1978 A pp—=charm) = 100-500 ub
1982 olpp—=charm) =20 ub
Beam dump experiments had nuclei as targets. A dependence of owas unknown
In general measurements w ere made difficult by
large hadronic backgrounds
large combinatorial backgrounds

no easy trigger
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NA27. The interaction trigger

pitch 1 mm
pitch 0.5 mm W1

W0

z'3

SSDI

Bemg the chamber small, about 1/4 of the events happen m the windows
A 2nd level trigger was designed to skip these 1st level triggers

Using the coordmates z01 and z11 measured m the 51 pstrip detectors 55D0 and
S55D1 the on Ine fast algorithm calculates the coordmate z1 of the vertex, if it was
in the exit window (similar for entrance window).

For each hit z2 in the wire chamber WO the algorithm calculates z'3 m W1 and
looks for matches
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NA27. The interaction trigger

pitch 1 mm
pitch 0.5 mm W1

W0 2’3

SSD1

MBNIM fast logic reaches the decision stage within 16 us (the flash delay)

Physics of beauty was a possible next step for the hybrid technique, which we discussed in depth
m that period
Increased trigger sophistication and enhanced depth of focus vs.. resolution capability had to be
achieved

optical “tricks™

holography
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Scanning and data reduction

7 run (1982)

Pictures with primary interaction

with a decay n “charm box”

after measurement and kinem. analysis
final sample

p run

Pictures with primary interaction

with a decay m “charm box”

after measurement and kinem. analysis
final sample

geometrical reconstruction & kmematical fit

associate 7 if any

265 000 double scan+check by physicist

6368 measure

276 very precise measure (HPD Strasburg)
114 events with 183 charm decays

1015 000 double scan+check by physicist
5000 measure

720 very precise measure (HPD Strasburg)
324 events with 557 charm decays

add mformation from 1onisation measurement (probability to be =, K or p)

Only relevant background: strange decays

C3, V4 and C5 topologies are background free
V2 topology: cuts to eliminate strange background reduce sample by 40

179401
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EBC V2 C3 event
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LEBC V2 C3 event. HPD digitisation

- # ! + # "
1‘ - -
‘I" CRE 1 _‘.'.-i"‘
+ v v R .
N Y L vmrerem e e The Strasburg HPD and its
. .....Hr""":'."'l s sk - . _-"" . L - ) . J I L .
i e e g graphical mteractive facilities
__'jl". | e = e was the highest precision and
Fy T e >t resolution nstrument in the
A Lo | . .-=""" collaboration

s e R - RMS = 1.8 j¢m on film (=space)

- : Detect impact parameter> 7pm

k Li"."l-. -‘;'-:.I-“ e el ome g ' e =
T e s e S T In 114 charm events of the @ run
N I [ '—'"'I'"-_"""--'. =T e RS g
: _ S : the HPD measurement found the
L Ll . T . .
S - e second previously unseen decay
T _ ey m 27 cases
S e
e
N :
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Hadroproduction of charm

NAL6 and NA27 gave the first reliable measurements of hadroproduction of charm in the
forward direction; no A dependence problem

360 GeV 7 p inclusive; x>0
NA16  o(D°/D%) =773 ub ,
NA16  oD*|=45%] ub
NA27 a(ﬂ”fﬁ“] =10.1=22 ub

NA27 U’(Di)=5.7:|:].5 ub
NA27  o(A,)=4=4 ub

400 GeV pp inclusive. All x. . NA27

o{ﬂ“) -105x1.9 ub
similarity of D) production cross-

G{Eﬂ) =79x1.7 ub sections by 7t for x>0 and by p at
all x, pomts to

cr(D+)= 57=1.1 ub

gg —> cc rather than gg — cc
o{ﬂ‘] -62+1.1 ub
o(A)B(A, — pKm) =127 b

..... and x, p, distributions, QCD fusion study, branching ratios,. D*..
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D life

NA27 m 1988

149 Drevents

o D* = 1090+ 190/-150 fs
PDG 2002 average
fDE)=1051+13 fs

Aply]

The Si ustrip detector
technique developed in the late
“70s became by mid ‘80s the
best instrument for charm and
beauty lifetimes

Fermilab Tagged Photon Beam +
51 pstrip vertex detector
1987

969 D=, 1360 D*

7, =(1060£50+30) fs

7, =(435+1512) fs

1,/ T,=24420.14:0 08

179401
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Anjos et al. Phys Rev Lett 58 (1987) 311
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NA27 in 1988

145 D events

D" )= 460+60/-50 fs
PD(G 2002 average
D j=411727 fs

179401
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£ ¥ &2 3 £ £ = =5 g B = 2 & 1 g & =
NA27 in 1988 . Mass
5 A events
M(A )=22847+2 3405 MeV
I
PDG 2002 average 3
M(A )=2284940.6 McV .
H._ '] [ 1]
! I I ¥ ¥ I L] I g B {
U o 7
30Mev St bl NA2T (88) . 1
Lk i E . .l T E I }
PDG (12 }
(]
3L ] gr '
2t 18
,5_
1 - i B - E (=] tad b 2 = = "5 3 - - E - ¥
4] i | | TR S E B B OB § b B E B E 008 I
18 22 26 30 34 Egggggggggégégéggi
Kom Mass {Gev./c :: 3 EzEgzeEg fzEfEEES?
Fig. 2. pKx invariant mass for the three-prong decays with an E
average impact parameter (3 smaller than &0 pm.
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A, lifetime

NA2T in 1988
3 A events
7(A,)=120+50/-30 ps
PDG 2002 average lasurements
(A )=200+6 fs o
N : - ] 13 :l_nfE;
! = = 65 znigj
? - . 14 u_‘tﬂ::
d) | 1 - ; TR E
This. cxp. : » | NA2T (88) % t.it&i
+
’ = :- PDG (02) o Lt
| [ |
1. 2. 3.
T | LU
170001
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The measurement of the charm mesons ¢ 34
lifetimes and hadroproduction characteristics™ o I'.','l;- f"&*' .
have been the last important contribution of " S
bubble chambers to physics '\-\..E'- e

The concept of “‘general purpose” detector was over. But we did not miss Lhe e
charmed window of opportunity (mid 70°s to mid 80°s) and developed the novel
concept of high resolution BC coupled to a full large acceptance spectrometer

H-'i.

This basically made clear the issue of the charged vs. neutral lifetimes and that of the
hadro-production cross sections. Then the Si pstrip technique took over -«

But concepts such as the fiducial volume trigger and the electronic image chambbr
contributed to the next generations of detectors :




