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1. INntroguction

Missions at the DAFNE K-atom factory



Kaonic atom

nucleus

Small n /

strong-interaction study

the most tightly bound energy levels that are
the most perturbed by the strong force

Large n

Kaon mass

the higher orbit having almost
no influence on the strong interaction




Iwo major puzzles on K-atom

1. K - nucleus potential puzzle

( because of insufficient K-atom data )

2. K- mass puzzle

>~ The recent by more than 5 sigma!
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Shift [eV]

Width [eV]

Many measurements so far

shift & width as a function of atomic number /

T atoms K- atoms p atoms >~ atoms

Atomic number Z dot : expt data

line :theo calc

Strong Interaction Physics From Hadronic Atoms
C.J. Batty, E. Friedman, A. Gal, Physics Reports 287 (1997) 385 - 445



Open problem on K-atom

Different scenarios for different exotic atoms

particle real potl. imaginary potl. comments
T repulsive in bulk moderate excellent data
attractive on surface well understood
attractive moderate good data

deep or shallow? open problems

77 very absorptive excellent data

understood

E. Friedman : MESONZ2010 contf.
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K-atom : theoretical approaches

Density-dep. optical potential

SU(3) chiral unitary

Hirenzaki, Okumura, Toki, Oset, Ramos,

m d | C.Jd. Batty, E. Friedman, A. Gal,
0G€ Phys. Reports 287 (1997) 385 PRC 61 (2000) 055205,
zlu“vopr(r) = _47777%1'1'(0)0(’”) )
exp. data
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model

deep or shallow ?

Density-dep. optical potential

SU(3) chiral unitary

C.J. Batty, E. Friedman, A. Gal,
Phys. Reports 287 (1997) 385

Hirenzaki, Okumura, Toki, Oset, Ramos,

PRC 61 (2000) 055205.

ZMVOpr(r) = _47777%1‘1‘(0)0(”) )

deep

(-VReal = 150 ~ 200 MeV)

roblem

shallow
(-VReal =40 ~ 60 I\/IeV)

The number of the kaonic nuclear bound states
would be different (depending on the nucleus).
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deep or shallow ?

hv4
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Iwo major puzzles on K-atom

2. K- mass puzzle

The recent

by more than 5 sigma !
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K- mass puzzle

WEIGHTED AVERAGE
493.677+0.013 (Error scaled by 2.4)
+0.016 (Error scaled by 2.8)

13 keV
<>

Differend

493.55 493.6 493.65 493.7 493.75

K-mass . tundamental quantity

awaited for new measurement !

r | B
Requirements

| detector

2. K-atom with low-Z target

to reduce the electron screening effects which

could cause an uncertainty of K-mass value
\_ J




DAFN

- . Unique facllity for low-energy K-

DAFNE e+ e- collider :

P

— K K* (49.1%)

* Monochromatic low-energy K- (~12/MeV/c)

* [ ess hadronic background due to the beam

N\

e

We can efficiently stop Kaons
at gas target

o\

14



Missions at DAFN

complete K-atom data acquisition

large width
low intensity
-> SDD etc.

\_

VY Is level of K-p, (K-He)

v other K atoms T

SIDDHARTA-2

- K-atom factory

N\

- small width

\_

high intensity
-> TES

v
v 2p level of K-He, K-Li etc...
v other higher level of K-atom

measurement

i



Uetector




igh-resolution detectors

|. Crystal spectrometer 2. Cryogenic detector

designed for

for now: use TESs TES m' r :
5-10 keV X-rays i

position-sensitive detector

i
iy
vvvvvvvv

Charge-Coupled Device (CCD)

pionic atom exp. : D. Gotta (Trento’06) W.B. Doriese, TES Workshop
@ ASC (Portland), Oct 8, 2012

— small acceptance

74



Why TES ? (1)

Effective area [mm?]
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( Wavelength-dispersive x-ray spectrometer )

The solid angle of a crystal spectrometer (PLB 416 (1998) 50) was converted to the equivalent effective area.

18



Why TES ? (2)

v Compact and portable

TES system Crystal spectrometer

(1) (1)
{9) e

DAFNE interaction point

\

G. Beer et al., PLB 535 (2002) 52
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X-ray microcalorimeter

a thermal detector measuring the energy of an incident
X-ray photon as a temperature rise (= E/C ~ 1 mK)

Thermometer :
X-ray energy : E Decay time constant

- C/G(~500ps)

Heat capacity : C

~ pJd/K

Thermal conductance : G %
~ nW/K

Low temperature heat sink

{ Absorber

Absorber with larger “Z” (to stop the high energy x-rays)

e.g, Absorber:Bi (320 um x 300 um wide, 4 um thick)
Thermometer : thin bilayer film of Mo (~65nm) and Cu (~175nm)



TES = Transition Edge Sensor

using the sharp transition between normal and
superconducting state to sense the temperature

Width of transition edge Thermometer sensitivity
AE~ a few mK

)
O
-
©
e
D
N
O
o

super- normal
conducting |<—>‘ conducting
Sate E Sate ( Johnson noise and phonon noise are

the most fundamental )

~ 100 mK Temperature

--> developed by Stanford /NIST at the beginning applications : astrophysics (space satellite) etc.

21
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NIST's TES array system for x-rays

e.g., soft-X-ray spectroscopy @ BNL — NIST’s standard TES —

* 1 pixel : 300 x 320 pm?
» 240 array : total ~ 23 mm?
e 2.3 eV (FWHWM) @ 6 keV

installed:
late 2011

well established system!

INSLS U7A:

toft-x-ray (200—800 eV)
pectroscopy beamline.

~ 200 eV (FWHM) @ 6 keV

W.B. Doriese, TES Workshop @ ASC (Portland), Oct 8, 2012

... a typical Silicon detector
used in the previous K-atom exp.
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NIST's TES for gamma-rays

for 100 - 400 keV

e.g., hard-X-ray spectroscopy — NIST’s standard TES —

* 1 pixel : 1.45 x 1.45 mm?
» 256 array : total ~ 5 cm?
e 53 eV (FWHM) @ 97 keV

State-of-art high-purity
germanium detectors

D. A. Bennett et al., Rev. Sci. Instrum. 83, 093113 (2012)



3. =xpernment

K-mass measurement at DAFNE
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Possible simple experimental setup

Nitrogen —

shield Cryostat
( ADR)

| TES array

g might possible to install them at
i bottom side (during K-d measurement)
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Possible simple experimental setup

‘ Nitrogen —

shield Cryostat
- ( ADR)

s

| TES array

Back-to-back
\ Kaon detection

might possible to install them at
bottom side (during K-d measurement)
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Possible simple experimental setup

o & Nitrogen —

shield Cryostat
. ( ADR)

(

"l TES array

Back-to-bck
\ Kaon detection

X-ray detection
by TES

e —

might possible to install them at
bottom side (during K-d measurement)




Rough yield estimation : K-N 6-5 x-ray (/.6 \<e\/)26

Estimated based on DEAR / SIDDHARTA data (just scaled) :
- B

> TES located the same position as SDD’s at SIDDHARTA
> Target cell located the same position as that of SIDDHARTA
> Nitrogen gas density : 3.4 pstp

= KN 6-5 x-ray ~ 3 events / day (4.5 pb™)

N b
— v br!ng TES close to ta.rget (x.~3) |

. v bring target close to interaction point ( x ~3)

Improvements

v higher Nitrogen gas density ( X ~2)

N

~ 50 events / day (4.5 pb™)



—stimated stat. accuracy of K-mass

-

assuming : - K-N 6-5 x-ray ~ (135 pb™)

- Energy resolution
- No background

Stat. accuracy : AE (x-ray energy) ~ + 0.07 eV

Am (K-mass) = AE/Exm ~

\

-

possible improvements for more yield :

v weak magnetic lens to collect K- at small target

v  polycapillary X-ray lens ...

27



est experiment

in-beam performance of TES
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Feasibility test towards K-atom expt.

* aim :studying iIn-beam performance of TES

= the first measurement of hadronic-atom x-rays with TES
+ when? : 2/ Oct - 5 Nov, 2014 (just finished last week!)

- where! :Paul Scherrer Institute (PSI), PIM| beamline

R Pionic carbbon
schematic view TES 4f-3d x-rays ~ 6.5 keV

-> No strong-interaction shift & width
-> higher yield (~1200 events / hour)

TI beam r-atom x-ray

(~1TMHz/mA, 170 MeV/c) -

» stop in atarget
target

X-ray tube



-xperimental setup

at PSI PiIM1 beamline
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Exotic-atom x-rays with TES for the first time N

Timing difference between the beam and X-rays

time resolution
~ 0.95 ps (FWHM)

Energy-timing correlation
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X-ray spectrum with/without timing cut
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5. Summary
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take-home messages

Ultra-high-resolution x-ray spectrometer

11

dS d

S microcalorimeter” Is now available

powerful tool for exotic-atom research

“I

=S X DAFNE” could provide valuable

physics outputs related Kaonic atoms



