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The scientific aim

the determination of the isospin dependent
KN scattering lengths through a

~ eV measurement of the shift
and
of the width

of the K, line of kaonic hydrogen

and

thefirst (smilar) measurement of kaonic deuterium



_n=

n=25

2p->1s(K,)
X ray of interest




Kaonic cascade and the

strong interaction
S P d f

——— By

G /7K, ~ 6.3keV
' = DE,ye 15




2. The DEAR/SIDDHARTA

Scientific Programme
(Monteporzo)




How to obtain the scattering lengths

Oncethe shift and width of the 1slevel for kaonic hydrogen and
deuterium are measur ed, with the Deser for mulae (neglecting
Isospin breaking corrections):

e+iG2=412 a-, eV fm

e+1G2=602a,-4€eVimi

one can obtain theisospin dependent antikaon-nucleon
scattering lengths

1 1
-y = (30 + )12
A=



DEAR/SIDSDHARTA Scientific program

M easuring the KN scattering lengths with the precision of a few per cent
will drastically change the present status of low-energy KN
phenomenology and also provide a clear assessment of the SU(3) chiral
effective Lagrangian approach to low energy hadron interactions.

1. Breakthrough in the low-energy KN phenomenology;
2. Threshold amplitudein QCD

3. Determination of the KN sigma terms, which givethe
degree of chiral symmetry breaking;

4. Determination of the strangeness content of the nucleon
from the KN sigma terms.



M eson-nucleon sigma terms

e Sigma terms are directly connected with
the symmetry breaking part of the strong
Interaction Hamiltonian

e Sigma terms measure the nucleon mass
shift away from the chiral limit (m,=0),
therefore parameterizing the explicit
breaking of chiral symmetry in QCD due
to the non-zero quark masses.



A
M eson-nucleon sigma terms and

chiral symmetry breaking

e Definition:

My(a) + N(p) ® M(q) + N(p)

sy =i<pllQ [Q.  Hglllp>

a, b  SU(3) indices of the meson

5

Q.p  axia vector charge

Hy  chiral symmetry breaking part
of the strong-interaction Hamiltonian



A
M eson-nucleon sigma terms and

chiral symmetry breaking

* Hez sSymmetry breaking Hamiltonian:
guark mass term of the strong-interaction Hamiltonian

Hy =muu+ m,dd + mSs
by isospininvariance M =M, =M,
1 o= 1 N
HSB))g(ms+2m)(UU+dd+SS)_§(ms'm)(UU+d_ZSS):HO+H8

H, preserves SU(3) symmetry, Hg breaks it

« KN and pN sigmlaterms:
s = (m+m)<p|au+ss|p>
S =2 (m+m)<p|-u+2dd+ss| p>

S,y =m<p|Ou+dd|p>



M eson-nucleon sigma terms

* Relation to amplitude:

The sigma terms can be related to the meson-nucleon scattering amplitude

T(n,t,q%q%)
In the soft meson limit

n=(sw/2M =0 t=0 g%0°® 0
s=(gtpy* t=(g-q)* u=(g-p)?

s®=-f {T_(0000,)

fop Meson decay constants

Use of low-ener gy theorem
and dispersion relations



L ow-ener gy theorems

The low-energy theorems relate the symmetry breaking part of
the total Hamiltonian to the scattering amplitude of massless

particles. they would become exact in the limit where
pseudoscalar masses vanish.

Therefore, more important tests of theories of chiral symmetry
breaking come from studying low-energy theorems of meson-
nucleon scattering, which just represent the “corrections’ for
the real world to the exact relations valid for massless particles.

In practice, this means calculating the

meson-nucleon sigmaterms



AR
Phenomenological determination of the

sigma terms

The calculation of the s-terms from the scattering data
requires an elaborate procedure.

The problem is that the s-term is not an observable. One has
to introduce an “experimental” sigma term S,,, which can
berelated to the experimental meson-nucleon amplitudes.

This can be done in a favored point of the (t,n) plane, the so-
caled Cheng-Dashen point (t = 2n¥, n = 0), by using
dispersion relations.

Thelast step consistsin calculating S in the zero momentum
point, wherethe s-term is defined.



Phenomenological determination of the sigma
terms

Cheng-Dashen point

(v=0, t=2112)
> (=2 M2)

- WV

_ Physical
- KN amplitudes -

-
|

|




A
M eson-nucleon sigma terms and

strangeness content of the nucleon
 Fraction of strangeness content in proton
__2<p]ss|p>
<plUu+dd|p>

 Strangeness content in the proton from KN and pN sigma
terms:

— 4m S IKN

=— -1
m+m, s




Theimpact of the DEAR results (1)

One order of magnitudeinthe
precision of the K p scattering length

4

Breakthrough in
low-energy KN phenomenology

\

Possibility of discriminating
theoretical approaches and methods of
analysis




Theimpact of the DEAR results (2)

Presently only estimates exists of KN sigmaterms.

A measurement of KN scattering lengths at the
nercent level would enable the determination of the

KN sigmaterms with a precision of about 20% or

&

ESS.



3. DAF NE Collider

(Montecompaitri)




DAF NE at LNF (1)




DAF NE at LNF (2)
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Performances obtained in
2002 in the DEAR | .P.

 Number of bunches per beam 95 + 95

e Total current per beam e/et+ (A) ™ 1.3/1

» Peak luminosity(cm -2s-1) 0.7 x10 *

» Average luminosity (cm -2s-1) ™ 2x103!
 |ntegrated luminosity per day (pb -1) 2.2 (best)
e Luminosity lifetime (h) = 0.6

* Number of fillingsper hour = 1.7

* | njection frequency e-/et+ (Hz) 2/1

» Data acquisition during injection off

Total integrated luminosity in 2002 about 70 pb-1



4. The DEAR setup

(Nemi)




DEAR

Cryogenic Setup APD Cryo Cooler

CCD Electronics

| | Varian Turbo Molecular Pump

| CryoTiger, CCD Cooling

=

n:

Cooling Lines

CCD Pre-Amplifier Boards

CCD55-Chip (total of 16 chips)



Cryogenic Hydrogen Target

working point: T=23K,P =1.82bar
hydrogen density: 3.1% of LHD, 2.2 g/l

pressure [mbar]

3000
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2600
2400
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2000
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1000
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DEAR Cryogenic Target Cell




AR
CCD mounting,

cryogenics and
on-cell electronics

- fiber-glass frames

- cooling system mounted [
on thetop

- minimized Al cold
finger (behind CCDs)

- reduced diameter of
the socket group and,
consequently, of the
vacuum chamber



DEAR on DAF NE




5. Kaonic nitrogen results
(Castel Gandolfo)




Objectives of kaonic nitrogen
measurement

# First exotic atom measurement at DAF NE -> 2001

# Optimization of the kaon stopping point distribution
(i.e. degrader shaping) and background reduction

# KN Physics: - yield measurements (exotic atom cascade)
- test of a future precision measurement of the
charged kaon mass




October — December 2002 DAQ
set of “good quality” data

l i

=5
¥

Collected data; | .' !

P -Kaonie Nltrogen & &
6 — 28 October (about 17 pbt —10pb?in stable condltlons
" “selected for analysis);




Kaonic Nitrogen

Kaonic Nitrogen, 2001, ~ 3 pb

Kaonic Nitrogen, 10 pb-t(October 2002)
Background subtracted spectrum Background subtracted spectrum
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Kaonic Nitrogen Physics'

* First determination of the yield of 3 Kaonic Nitrogen X-ray
transitions:

4z N
/> 6 (41.5+/-8.7+/-4.1)% stimulated activity in the

62>5 (55.0 +/- 3.9 +/- 5.5)% the field of atomic

5 5->4 (57.4 +/- 15.2 +/- 5.7)%/ cascade for exotic atoms

e Mass of the kaon — as a test measurement:

[ M- = 493.884 +/- 0.314 MeV J

(Ph. D. thesis, Tomo Ishiwatari,
Phys. Lett. B593 (2004) 48)



6. Kaonic hydrogen

(Genzano)




October — December 2002 DAQ
set of “good quality” data

4

.
T

Collected data:

-K aonic Hydrogen:
30 October — 16 December about 60 ?o

-Background data(no colllsons) fef KH:
16 — 23 December A



Counts/60 eV

Kaonic hydrogen and background spectra

Kaonic Hydrogen spectrum after continuous Structured background spectrum after continuous

background subtraction background subtraction

T i I :.; ! I [ | |
B I S N R B SO Ly 1 N T T T T
2000 |- IKa+Fe_ AL LT I A S S S S
: : : ; = = E i
M i a i a i i S HER
1000 fl-—{ -1 K
500 fit- g4
IR oL M Y
0 1T 5
| l I I | | | I I

X-ray energy (keV)

X-ray energy (keV)



“Kp-alone" Spectrum
(all background fit-components subtracted)

1600

1000 S

500

Events /60eV

-500

Energy (keV)



Results on the Shift and Width

Sent to Phys.Rev.Lett.

Shift: e, = -194 + 37 (stat.)* 6 (syst.) eV

Width: G, = 249 + 111 (stat.) + 30 (syst.) eV

mm) -, = —0.466 (£ 0.104) +10.299 (+ 0.174) fm
(no isospin breaking corrections)



DEAR Results on kaonic hydrogen

1000

800

600 [

width G, [eV]

200

|
|
o
T

repulsive <
KpX (KEK)

; M. lwasaki et al, 1997 i

-323+£63+11eV
407 + 208 + 100eV [*-

——————————

e
G

_________

Davieset al, 1979

» attractive

Izycki et al, 1080

Bird et al, 1983

0

shift e, [eV]
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7. From DEAR to SIDDHARTA

(Grottaferrata)




Conclusionsto the KH analysis

The obtained DEAR result:

representsindeed the best measurement performed on
Kaonic Hydrogen up to nhow

BUT

what we are aiming for is=>



Next Steps of the Scientific Program

# few eV precision measurement of kaonic hydrogen 1s
level shift;

# first measurement of kaonic deuterium

In order to determinetheisospin dependent antikaon

nucleon scattering lengths at percent level precision



y. A
In the DEAR framework ?

( IB -~ 1/80

| Nno space left for important background reduction;

Theanswer iIsNO

to learn how to reduce them



K-“beam” at DAF NE

&

K- produced in a back-to-back process - >
trigger on it



A ————————————————————————
Background sourcesin the kaonic atom

measur ement on DAF NE

Event signal:

Definition: Soft X-ray transitions (1-15 keV) between levels of target gas atoms where a kaon from
f -decay is stopped in an atomic or bit

Synchronous background

Definition: Particles produced synchronouswith the primary kaon, hitting the detector with energy
in the region of interest

Specifically: Secondary particles created by the primary kaons absor bed by the setup materials, via
associated hyperon production and decay:

Kp->pY; p=p,p% Y=S* S0 L;S*->Np,S°->Lg

In particular: Low-energy X rays (~ keV) final products of the em. cascades initiated by high-
energy ¢ rays (> 100 M eV), coming from p%directly produced together with hyperon or from
hyper on decay

Other high-energy gscome from f -decay channelslike: p*p p°, r p, egand subsequent p°-decay.

The synchronous background cannot, in principle, be suppressed.



A ————————————————————————
Background sourcesin the kaonic atom

measur ement on DAF NE

Asynchronous background

Definition: Particles not correlated with the event signal, hitting the detector with deposited ener gy
in theregion of interest

Nature: Products of the em. cascades originated in the beam pipe and in the setup materials by the
particleslost from the circulating electron and positron beams, due mainly to:

-Touschek effect;

-Dynamic aperture of the machine (intrinsical component);
-Beam-beam dynamics (non-linear component);
--Beam-gas interaction

Other sour ces of asynchronous background:
-synchrotron light;

-Bhabha scattering;

-Radiative Bhabha scattering;

-Beam-beam bremsstrahlung

Thelatter giveanegligible contribution (ordersof magnitude) with respect to the four above
background sour ces.

-Cosmic Rays and Radiation from volcanic rocks of Castelli Romani

The asynchronous background can be suppressed = > trigger ->



Use of trigger able device

Choice of the detector based on criteria:

-preserve good features of CCDs (efficiency, resolution);

-offer atiming ~ 1 ms—trigger

=> Slicon Drift Detector -




The Silicon Drift Detector with on-chip JFET

Anode _
Clear last Ring

n-JFET

/1IN -
DGS Ring #1

-
/ 1
f
’
’
< 1%

JE RN INNNNIEN
v ATTTTTITTT]

I

' II7

7

@6 path of
o¥e) electrons

n-3S

Entrance window

JFET integrated on the detector

« capacitive ‘matching’ : Cze = Chgoctor

e minimization of the parasitic capacitances
» reduction of the microphonic noise

« simple solution for the connection detector-electronics in monolithic arrays
of several units



Spectroscopic resolution and timing : detector comparison
SDD PIN Si(Li) 150 K 5.9 keV line
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8. Preliminary SDD tests

(Rocca di Papa)




Beam Test Facility tests of

an array of 7 x 5 mm?
SDD chips



SDD array: 7 x 5 mm? chips




Mounting of the

SDD test setup in 58
theBTF area  |fyle)




Test setup mounted at BTF

SDD array: 7 x 5 mm? chips

/
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from BTF Selected materials

2 >
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B Thetest setup installed at BTF with the two sources (Fe and Sr) to
v generate asynchronous background




Measurements performed at BTF
with an array of 7 x 5 mm? chips

-Energy resolution

{ -Stabil Ity of energy calibration

-Linearity

-Test of triggering capability



| ncident rate: 60 Hzon 7 channels => 8.5 Hz/channel

Counts/ 3 channels

Counts/ 3 channels

a) # Trigger OFF (16 hours.)
# Cu signal visible;
P ERE TR R # No asynchronous backgr (55Fe and

Hn‘LJLb)_' QOSI’)

80
20
30 f ’

?g L Rl i # Trigger OFF (20 min.)

T iy # Cu signal embedded in backc.

| 4gg 59@ | 'ggg' | 400 606 800 # Structured asynchronous backgr:

SDD3 channel SDD3 channel - Mn Kaand Kb from 55 Fe
90 # Continuous background:

G0E. ot - synchronous from primary beam
T i i voaon o S - asynchronous from 90 & source

L A T #60 Hz
21

| L | |

Las
=
Lo
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# Continuous background:
. - synchronous from primary beam
Y #5Hz

Lo S v T 5
b
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L
S
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L
L Snc T

Counts/ 3 channels

c)  #Trigger ON, 1ns(~ 16 hours)
# Cu signal visible
# Structured asynchronous backgr.
completely cut;

400600 800
SDD3 channel

# Continuous background:
- synchronous from primary beam
#5Hz—-asa)



| ncident rate: 1000 Hz on 7 channdels => 142 Hz/channel

Counts/ 3 channels

Counts/ 3 channels
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300 400
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b)

# Trigger OFF (18 min.)
# Cu signal embedded in backec.
# Structured asynchronous backgr:
- Mn Kaand Kb from 55 Fe
- Ni Kaand Kb excited from Sr90
# Continuous background:
- synchronous from primary beam
- asynchronous from 90 & source
#1000 Hz

#Trigger ON 1ns (~ 13 hours)
# Cu signal visible
# Structured asynchronous backgr.
completely cut;
# Continuous background:
- synchronous from primary beam
#5Hz




Background reduction with triggered
acquisition for SSIDDHARTA setup
(asynchronous background)

r =number of detected kaons per detected X-ray = 0.5 x 10°
B,=background rate = 10° events/s
T,,=sinchronization window

T,= T Xt gismax = 05X 103x 1 ne= 0.5ms
B=B xT,=10s1x05x103s=0.5

SB=2/1 ->onall energyrange=>

S/B < 20/1 (extrapolating to interested energy region
taking into account DEAR results)



|

Test of the 30 mm2 SDD (2004)

1T

Detector biasing parameters

electrode | Voltage |Current
R#1 -10V 20.8mA
|IGR -18V 0.5mA
Back -91V <0.1mA
R#N -1/8V | 20.9mA
1ISSOS | gnd -
Drain +12V | 400mA




Counts

4000 - N
3000 - .
139 eV FWHM _ T = - 40°C,
2000 - > < . t.,,=0.75n%
1000 N
5000 5500 6000 6500 7000
Energy [keV]




Synchronous background

Studied viaMCarlo



9. SIDDHARTA preliminary
setup and Monte Carlo

simulations
(Albano)




SIDDHARTA setup: 3D- view, version 1

SDDs (216 cm? for
f . .=5cm)

pipe

Kaon monitor Cryogenic tar get cell



SIDDHARTA setup version 2

target

fcooling line

feed-throughs for

SDD electronics port for

SDD cooling

SDD pre-amplifier vacuum chamber
electronics

lead table

SDD detector
chip

target cell

beam pipe
and kaon trigger



SIDDHARTA setup version 2

— cooling target cell

—
—=
——
=

s

pre-amplifier
and voltage
supply b ards

‘“‘-\ /)//,/

' ; SDD cryogenic
mounting devick



SIDDHARTA Kaonic hydrogen simulated spectrum

Counts/30 eV

S/B =5/1

10000
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SIDDHARTA Kaonic deuterium simulated spectrum

Counts/30 eV

[S/B = 1/4]20&9
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10. Conclusions

o



DEAR Results
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SIDDHARTA future plans

1) ~ eV leve precision measurement of kaonic hydrogen;

2) first measurement of kaonic deuterium

3) Kaonic helium measurement (“ kaonic helium puzzle’ and
Implications on deeply bound kaonic nuclear states);

4) Kaon mass precision measurement at thelevel of 10 keV

5) Other light kaonic atoms measurement (L1, Be...);

6) Investigate the possibility of the measurement of other
types of hadronic exotic atoms (ssgmonic hydrogen ?)



SDD layout — readout side

X: 365.0 Y. 6042.0 (P} Select: 0

Tools Design mmuuw  wicaws Cuil vEMIY  wHIISLUYIY  YpMUDD  ©

|

dx: -1974.5

WVir wout Editi sD siddharta lavout

chip size: 34 x 14 mm=

sensitive area

2 X 100 mm=

integrated temperature sensors
|

mouse L: mouseSingleSelectPt

M: leHiMousePopUp () E: hiRedraw()

hil=




2005:

- Characterization of large area SDDs;
- End of front-end electronics production;
- End of data acquisition production;

- Finish and test of the experimental setup:
mechanics, cryogenics, vacuum;

- Slow-controls system ;

- Assembly of the setup and testson BTF



SIDDHARTA SDDs 4/6
bondtest & IZM using an Al dummy chip

SDD—CG" ami C, bondi ng optical inspection by D. MieBrer and P. Lechner Munich, 03.02.05

Test on dummy
January 2005

fig. 6 - readout structure 2

fig. 7 - readout structure 2, large scale fig. 8 — temp diode, outer substrate



2006:

- Assemby of the SDD large area detectorsin the
setup;

- Assembly of the final setup on DAF NE;

- Testson DAF NE; - -
P @

- Install on DAF NE U



"He saw trees, stars, animals, clouds, rainbows, rocks, weeds, flowers, brook and
river, the sparkle of dew on bushes in the morning, distant high mountains blue and
pale; birds sang, bees hummed, the wind blew'gently acrosstherice fields. All this,
colored and in athousand different forms, had always been there. The sun and moon
had always shone; the rivers had always flowedand the bees had hummed, but in
previous times al this had been nothing to Siddharta but a fleeting and illusive veil
before his eyes, regarded with distrust, comdemned to be disregarded and ostracized
from the thoughts, because it was not reality, because reality lay on the other side of

the visible. ( way
But now his eyeslinggd onthisside..."

(H. Hesse, SIDDHARTA) > =



