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FINUDA is ready
and "eager” to start physics

SUMMARY
* Status: DA®GNE and FINUDA
* Performances of the detectors
* Targets for 2003 run
* Expected rates
* Highlights on the continuation of the program
» Conclusions
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FI.NU.DA.: FIsica NUcleare a DA®NE I 5

Main physics idea I
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Mesonic
and
Non-mesonic
decay

low energy (16 MeV)
monochromatic

tagged
background free

A fixed target
experiment carried
out at a collider

/ High resolution
spectroscopy

DADONE K beam

K extracted beams

K" beam momentum

Low
(127 MeV/c)

Medium-hign
(500-600 MeV/c)

K" beam momentum
resolution

Monochromatic and
background free

Non-monochromatic
and " contamination

Target thickness

Very thin (0.2 g/cm?)

Thick (some g/cm®)

Resolution on

hypernuclear levels ~750 KeV ~1-2 MeV
Detector Large Small
acceptance (Typical of collider) (Fixed target)
Tagging of K Possible Not possible
with collinear K
Rates (event/hour)
(1073 capture rate) | 400 (L=5 10** cm?s™) ~10
Study of Possible Difficult or
pn: 2,5 event/hour impossible

hypernuclear decay
p nin coincidence

nn: 0.7 event/hour
mesonic : 8.5 n /hour




FI.NU.DA:
a detector for
hypernuclear physics

Straw tubes
Drift chambers

External scintillator

/ barre
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1.1 Tesla
solenoid
He chamber

Typical (p-n) non-mesonic decay event
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FINUDA detector performances I ’

Test beam 0

S.C. Magnet: B = 1.1 T homogeneous field within -
27 inside the tracking volume. "
Interaction/Target region: selection of K- K = e
pairs production and detection of hypernuclei. A ot
INTOF o, = 250 ps Si VDET: 6,= 30 um ; en. res. 20% FWHM m )
External tracking device: measurement of 'E;j;:zﬁ R 14; um
trajectories and momenta of charged particles oo L_H
with high precision Ap/p = 0.3%. o Il [sTrRaw
LMDC: o(p,b) ~ 150 pm; o, 1% wire length Qi L T

Residual distribution (1nin)

STRAW: o(p,0) ~ 150 um; 5, = 500 pum

Neutron momentum

External scintillator barrel: tfrigger purposes
and neutron detection (10% eff. , 8 MeV energy ;
Res. at 80 MeV, time resolution 500 ps FWHM) 100
Helium gas chamber: multiple scattering| !

] 40 |
r'educ‘rlon. FINUDA momentum resolution Ap/p is:

0.3% inHe = 1.5% in air

Fitc=2.6
MeV
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Cosmic rays withB=0 T

FINUDA Experiment
Run n.. 3589
Event n.. 208
Dat 31/05/03

FAN
r

8
;UIO;\—OQ O l=

14



Cosmic rays withB=0 T

Nice alignment in
zeta coordinate

>

FINUDA Experiment

Fun n.. 3589
Fvent n.. 208
Date: 31/05/03

]| SIDE view [

Rec. hits
Pattern Recogn.
Track Fitting
Zoom
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%
% :

i

15



Cosmic rays with B=11T

FINUDA Experiment

Run n.: 3880
Fvent n.. 1565
Date. 06/07/03

[]] FRONT view ]

aw datog

ec. hits

R
K
Fa
Trac
0
Fick Inf

k Info
<ERASE> | <QUIT>
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Cosmic rays with B=11T

FINUDA Experiment

=

=

Nice alignment in
zeta coordinate

Run n.. 3880
Fvent n.. 1565
Date: 06,/07/03

(] SIDE view ]

Rec. hits
Fatiern Recogn.
Trock Fitting
Zo00om

<ERASE>| <QUIT>
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Interaction vertex region I

Front view

Si-ustrips

Targets

Side view
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Alignment of Silicon VDET with cosmic rays

Results after 15' order correction

Residuals along Phi_| Constant = 3736 + 666

8 Mean = 4.999 + 0.2295
R ﬂ Sigma = 19.43 + 0.2608
o
400 — .
- Isim7 - ¢
50—
200 / Sigma=19 um
250 —
200
150 —
100 —
50—
i | J I | _nL_I ] L 1 I 1
~400 ~200 0 200

. 400
Residuals [um]

~ 20.000 good cosmic rays required

~ 3 Hz of cosmic rays crossing VDET so

= ~ 3 weeks of data taking
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Expected results:

¢ ~ 15 pm
- 5., & pitch/V12 =
2 2 2

2
Y 'GinT+GMS+Gsag

- average efficiency of a module > 97%

| Residuals alongZ |

Constant = 243.6 = 3.807

Mean = 7.298 + 0.3605
300 — Sigma = 31.74 + 0.3406
250 — .

| Isim7 -2z
200—

i} Sigma=32 pm
150 —
100 —

] o ] L d e ol | !

400
Residuals [um]
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Fod

angle—carrecied charge fed to A0C (p—side)

Measured PID in pstrips at
© p Kfmomentum at a test
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Essential for Kt beam
recognition
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Simulated PID in FINUDA

not tnesonic
decay

Hypernucleus
T formation
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LMDC resolution and alignment
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Fit residuals on drifts |
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Straw tubes detector resolution
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FINUDA physics programl

- HYPERNUCLEAR SPECTROSCOPY
is an essential tool for testing
theoretical models of A-N potentials
and single particle model predictions

- HYPERNUCLEAR DECAYS
allows to study weak processes
in nuclear matter A —»=zN

AN—->NN and ANN—nNN

23




Spectroscopy | )

FINUDA
region AE<IMeV ] | The high energy region of excitation

iIn heavy A-hypernuclei cannot be

explored with y spectroscopy.

Weak decay AZ y-speciroscopy

Entries/ 0.25 MeV/c

60
5of
4of
3of
2of

10 -

AE~3 keV

o [
170 17 80 185 190 195 200 205
@ m, - m, [MeV]

- FINUDA energy resolution will
be AE~ 750 keV still better than
any experiment up o now.

* In competition only with JLab

experiment

Simulation with 8 **C targets
Backward proton in coincidence
to reduce background from
K (np)>X p—>nz p
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Best present spectroscopic data I

Up to now SKS at KEK has collected nice data
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1.45 MeV
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Hypernuclear decays I

Mesonic A decay in the nucleus

A—->p+n I
A—>n+q0 Fno

Non-mesonic A decay

p+n r
AN = NN

n+n r
ANN = nNN (15%) n+N+N Ty,

26

Suppressed by Pauli blocking in
medium-heavy nuclei
=T_+T g

Dominant in medium-heavy
nuclei (A>12)
an: 1—‘p"' 1—‘n"' 1—‘NN

N

Gives the only experimental
access to the four-baryon,

Hypernucleus lifetime
T=h/T
Dot = Fn' + Fno + Fp I+ Iw=In+l

strangeness changing weak
inferaction
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n 27
n is tracked ._ n is detected Non mesonic dZCGy I

" | p-induced decay
e/ g A B proton
i A U Acceptance 30%

y Energy resolution 1.3 MeV (at 80 MeV)
* TOF resolution 500 ps (fwhm)

p is tracked

n

neutron I
Acceptance 71%

Energy resolution ~ 8 MeV (at 80 MeV)
Efficiency ~10%
TOF resolution 500 ps (fwhm)
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Hypernucleus mesonic decay I

» Acceptance 20% (3 hits on pstrips)
- Momentum resolution 40% (100 MeV/c)

- Both n~ are measured in coincidence

good PID
in ustrips

Mante Carlo data

n - from HY decay

B
T

- from HY

formation

3 hits on pstrips | o PREERFOATREbRERLL | L L L

- frem mesonic decay

g
T

P

Lt from kT decay

. pt fmom B decay

2
|

n” from hyp. formaticn

3
T

E
|

oo - P frem nan—mes. decay

2

fic Energy loat in ustrip detactars (Mev/crl

e

o 100 T 300 400 Erey
o | Particla marmentum tMev /o)
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TGI"QZT SZT-UP I 2003 Data Taking
M 250 pb'assigned

2 °Li

OSIM
1 7Li

312C
1 27Al
ISIM

Beam pipe

12C targets are necessary for detector performance
tuning and decay mode studies.

/Al and 5V are medium-heavy nuclei that will be used
for spectroscopic studies

5Li and 7Li are source of light hypernuclei




LighT hypernucleus Spectroscopized

spectroscopy

K+ °Li— "+ < (7

AOLi is unstable by
hucleon emission

4

\A

: NN %
H e p ARG 2760 o MeV/c)

— T -
T, (in coinc.) about 10/pb
— I',, (in coinc.) a few/pb-! '
-+ I"__ about 10%/pb1

T

HeH p+n

" @ spectr. (~0.3/pb? |f B.R. ~10°)
sgectr.(O.Z/ pb-t if BR ~103%)

n*+n+3H many events (~:10%/pb1)
how distinguishable?

H ) p+p

— 4He+®5 ectr. (102/pb-1) calibration




n " is tracked

31

‘He —d +d decay l

n- and 1(2) d are
measured in coincidence

X ]
both d are tracked

Acceptance 32%

TOF resolution 500 ps (fwhm)

Momentum resolution 2% (at 570 MeV/c)

forward d

o 160 : /
= i w/ ndf 7.09/ /8
% 140 |~ | Constant 1555
- - | Mean | 5588
P 20 ™ | Sigma | 3580
2100
o i

m —

ﬂ] -

‘d—ﬂ —

'20 -

0

500 520 540 560 580 600

d reconstructed momentmm [MMeV/ic]
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Neutron rich hypernuclei I

by product

- o)
Kstop*tP— A+m

T

o)

+p— ™ + n

- = +
Ks'rop"'la_> L+

2"+ p— A+n

KEK

only upper limits were set
for neutron rich production

in the ground state

FINUDA can detect the T I

Targets Hypernuclei Probability

per‘ I<-s‘rop
‘Be A9He < 2.3x10*
12C 1AzBe < 6.1x107
160 16C < 6.2x10°

Main background from K'p — 2" n -

L’nTC‘.




Neutron rich hypernuclei in FINUDA

Signal + Total Background 12 ( + )12
n " peaks C Kstop’ﬂ- A Be
§ 2000 [ from algnal
° ot / Formation probability(®: 1.8 10-5
: —— | 80 events with 3 2C targets: 55 pb!
- _ (1) Nucl.Phys. A691 (2001) 51c
: Signal + Total Background
- P —
as0 [ /' g fmmli‘;nal
r 8 F500 — w00 L
m = - B n:gmentuﬁt;m(MeV/cﬁ)n wer
¥+ decay background 2sue -
6y ; +16 -
Li(Kgops 7" JOH|
Formation probability®): 1. 104 |
500 events with 2 SLi targets: 90 pb! |t

(2) Not unreasonable guess

200

220 2H 260 + 280 F00 320
it momentum {(MeV/c)
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Rates and integrated luminosity I
Expected integrated luminosity from DAENE : >2 pb-!/day I

High resolution
hypernuclear spectroscopy

54 l’lZ[K+ K] * 0.13[‘rrig. and forward n- rec. eff.] ® 10_3 [cap. rate] = 25 eV/h

Good spectroscopic studies on 12C, ?/Al, >*\/ and ‘Li can be
performed with ~50 pb-!~30 days

Non mesonic decay

+ 103 ground level capture rate with 8 targets || 0.15 pn detected events/h
- pn and nn events in coincidence escaping FSI || 0.04 nn detected events/h

To get a statistical error of 10% on T jand I,
on ,°He with 2 °Li targets we need
100 pn events ~ 75 pb-!
80 nn events ~ 250 pb-!
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Highlights for the continuation
of the program beyond 2003

~

Expected beam allocation
in 2004 and 2005:
Liny = 500-700 pb*

Continuation on the survey of spectroscopy and decays with targets:

°Be 160 28Si “0Ca (*8Ca) °°Mn
89y 98Np 133Cs 139 q 165Ho 209Bj

- probably not all of them, but a "'reasonable’" selection, following the
results of the 2003 run, in particular for the medium-A targets

and/or

* strong effort on particular targets if exciting results will be found
(like neutron-rich ¢,H and 7,H with °Li and “Li targets)

* The decision will depend also on the expected increase in luminosity,

from ~10% cm?s? to ~ 5 1032 cm*? s




Conclusions I

We wish that the strong effort made at
DA®NE on Hypernuclear Physics
with the ambitious research program of the
FINUDA experiment,
could properly celebrate the
50th anniversary
of the discovery of Hypernuclei
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The FINUDA Collabom’rionl

- Torino University and I.N.F.N. Torino, Italy

» Torino Polytechnic and I.N.F.N. Torino, Italy

» Laboratori Nazionali di Frascati I.N.F.N., Italy
» Trieste University and I.N.F.N. Trieste, Italy
» Pavia University and I.N.F.N. Pavia, Ttaly

» Bari University and I.N.F.N. Bari, Italy

* Brescia University and I.N.F.N. Pavia, Italy

- TRIUMF, Vancouver, Canada

* Shahid Beheshty University, Teheran, Iran
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