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E17 : K-3He 3d—2p x-rays

related closely to E15 and other experiments studying
“deeply-bound kaonic systems”

-

AE>; Precision Goal: = 2 eV (stat) = 2 eV (syst)
Proposed in 2006

3d

3d-2p X-ray (~ 6.2 keV) sums

20 W Width: T,
Shift : AE,,

Strong
Interaction

}

\

8 x SDDs
(silicon drift detectors)
~150 eV FWHM




E17 Conclusions

1. E17 is ready to run & can be completed in 20 kW-weeks

2. Beamtime request

beam intensity duration

Reproducibility check for 0.9 GeV/c beam ~ 1 kW 5 days
Range measurement (K~ stop tune) ~ 3 kW 3 days
Full commissioning with *He target ~ 3 kW 3 days
Production
M K*HeX measurement 10 kW 4 days
2 K3HeX measurement without Nd 10 kW 6 days
@ K3HeX measurement with Nd 10 kW 4 days

c.f. original E17 proposal requested 5 weeks at 27 kW = 135 kW - weeks

2. Expected physics outputs

(D&®2) — kaonic 3He-*He ISOTOPE SHIFT determined to 2 eV
2&3 — kaonic 3He WIDTH measured to 3 eV

(independent of the resolution function of the SDD x-ray detector)



presented at PAC11

1. WHY ISOTOPE SHIFT?

E17 has been ready to run, but meanwhile...



SIDDHARTA (at DA®NE) published K=He

SIDDHARTA main goals:
O - K*K-, Kp, Kd in gas, using 144 SDDs
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SIDDHARTA Collaboration, Physics Letters B 697, 199 (2011).



SIDDHARTA K—=3He & K*He

= ] .
() — _
_'Q_ 10— ]
ny i _
< i §
B - SIDDHARTA
- 1 |[K3He 2+2+4
0
i K-4He (new) 5+3+4

SIDDHARTA
All results consistent with small (~0 eV) shift, BUT

is this an indication of “finite isotope shift” of 7 + 3.6 eV ? (~2 0)




K He 2p shift (eV)

Isotope shift : theory

_ _ Akaishi, 2005
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Summary of systematic errors (shift)

uncertainties systematic errors (eV)
AE( 34He) AE(PHe) - AE(“He)

(1) SDD response

Low energy tail +0.40 ~0

Pileup contamination <+0.10 +0.10

Compton talil +0.17 ~0

Shelf structure +0.10 ~0

Energy resolution <+0.03 <=+0.05
(2) Energy scale

Linearity +0.50 ~0

Calibration accuracy +0.14 +0.2
(3) Background shape +0.08 +0.12
(4) E. M. value from Kaon mass +0.2 ~0

Quadratic sum of (1)-(4) +(0.72 +0.26

Systematic error of 3He/4He shift : 0.72 eV
(Statistical error) (1.0 eV)

isotope shift : 0.26 eV
(1.5 eV)




Summary of systematic errors (shift)

uncertainties systematic errors (eV)
AE( 34He) AE(PHe) - AE(“He)
(1) SDD response
Low energy tail +0.40 ~0
Pileup contamination <+0.10 +0.10
Compton talil +0.17 ~0
Shel

Enerf  jsotope shift measured by E17 to
(2) Energ| can clarify the situation

Linex:
Calibration accuracy +0.14 +0.2
(3) Background shape +0.08 +0.12
(4) E. M. value from Kaon mass +0.2 ~0
Quadratic sum of (1)-(4) +(0.72 +0.26
Systematic error of 3He/4He shift : 0.72 eV isotope shift : 0.26 eV

(Statistical error) (1.0 eV) (1.5 eV)
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2. WIDTH in addition to shift

Determining the width by fitting a Voigt to the
peak is impossible, unless the width is = 20 eV,

but we’ve found a better way



The method: X-ray absorption spectroscopy

Ls edge of Nd 6209.4 eV

K *He L« (EM energy) 6224.6 eV
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The attenuated L, counts =@ width
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(counts with foil)/(counts without foil)
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Expected K-3He x-ray spectra w/wo Nd foil
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Width can be determined to 3 eV precision
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E17 Conclusions

1. E17 is ready to run & can be completed in 20 kW-weeks
Insensitive to the spill structure

2. Beamtime request

beam intensity duration

Reproducibility check for 0.9 GeV/c beam ~ 1 kW 5 days
Range measurement (K~ stop tune) ~ 3 kW 3 days
Full commissioning with *He target ~ 3 kW 3 days
Production
M K*HeX measurement 10 kW 4 days
2 K3HeX measurement without Nd 10 kW 6 days
@ K3HeX measurement with Nd 10 kW 4 days

c.f. original E17 proposal requested 5 weeks at 27 kW = 135 kW - weeks

2. Expected physics outputs

(D&®2) — kaonic 3He-*He ISOTOPE SHIFT determined to 2 eV
2&3 — kaonic 3He WIDTH measured to 3 eV

(independent of the resolution function of the SDD x-ray detector)
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Contribution of Compton scattering in the target
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optimizing the beamtime allocated for foil measurement
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optimizing the Nd foil thickness

2p width low error[eV]
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Breakdown of the systematic errors:

- SDD response

- Energy calibration

- Background shape

- E. M. value from Kaon mass



SDD response

O Response function of SDD :

Voigtian + Tail + Shelf (+ Compton + Pileup) ( free/fixed )

— Voigt v Voigtian
— Tail energy, width, yield, o,
— Compton
Shelf v Tail
pleup Ratio, slope
v Shlef
Ratio
v Compton
Ratio, energy, width, slope
fixed tail shape by MC
v Pileup
Ratio
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Due to statistical limitation

Free parameters are only:  energy, width and vyield of 2p level.

Others are estimated (fixed) in the fitting.
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O [ntensity of tail structure : fixec

SDD response (1) : Low-energy tail
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SDD response (2) : Pileup contamination

O Monte Carlo simulation of pre-gate (baseline) and peak heights

Pulse height (a.u.)

Monte Carlo
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SDD response (3) : Compton scattering

O Compton scattering (mostly inside liquid helium target)

- Making tail structure in the low energy side

107

probabilities _K """" 3 He """ Loc """" 6’“2"2"4 6 eV
6 :_ I S SO S
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Others < O. 1 % 104E ................................................................................................................
Total 5.6% - Target ceII
81035_ ............. - (Be) : IR S A S
Accuracy of the cross section in E
GEANyT4 ~5 % 102 §_C)'tlf‘ers ...............................................................................................................................................
10 e gl o, ................... __________________
Peak shift due to uncertainty |i h , :’
3He (@ 6224.6 eV) : +0.17 eV 1 bl || L . oot
5200 5400 5600 5800 6000 6200 6400 6600 6800 7000
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Same tendency for 3He and 4He :
systematic errors in AE(3He) - AE(4He) : ~ 0 eV (cancelled)



SDD response (4) : Shelf structure

O Shelf profile is much smaller component than tail profile

Mn spectrum (°°Fe)
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- shelf ratio should be smaller than that of Mn (5.9keV)

Same tendency for 3He and 4He : > AE ~ +-0.1 eV
systematic errors in AE(3He) - AE(4He) : ~ 0 eV (cancelled)



SDD response (5) : Energy resolution

O Energy resolution will be determined by the calibration spectrum
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Energy scale (1): calibration peak statistics

®m Accuracy of calibration peak energy (dominated by statistics)

MC simulation w/ offline O Statistics of calibration Peak
(~4 k counts /hour/8 SDDs
100/ / from Run35, 400k on def. counter)
- Ti counts : ~500 k events
; ;;_Uncertainty el TKAHe
__0.6F
\?90.4;—
30-2?“‘} ------------------------------ ]
£ OF .
s £ 1 ]
...................................................................... 002 ----"---""7" ST
: : O : n n
L Z\ n 58;" Ti Ka Ni Ka
1000 1500 2000 2500 30003500 -0:82—
] SN P PRSI PSPPI O PO [P PRI B
1000 4 4.5 5 55 6 6.5 7 7.5 8

X-ray energy (keV)

500

Energy scale uncertainty
3He (@ 6224.6 eV): 0.14 eV
~1000 10500 15:oo 2060 5256 30:00 3500 4He (@ 6463.5 EV) : 0.14 eV

3He/4He measurements are separated
- systematic errors in isotope difference : +0.2 eV

H - H
A
+ 4
& . o 4 e o 4 et 2 i)
ad & - - & e, .
0 fo At a el L S S e e 8
‘e F LI ) FRAF R AL . ) r
. . . . & 4 48, 40
4 . E)

-500

Illlllll,ll’l.F'lllllll




Energy scale(2) : non-linearity

O ADC non-linearity (CAEN V785 peak hold ADC)

12 bit (0-4V) 1V/ch (~ 3eV/ch)

Residual after linear fit

0.5

0.4

0.3

0.2

0.1

0

Channel

-0.1

-0.2

-0.3

-0.4

-0.5

Illlllllll

Uncorrected

I

llJlJJJLLLllLllllllllllll|llll[ll|I’llll

polynomial

1600

1800

2000
Voltage (mV)

2200

2400

Residual (channel)
o o & o © © o o
w N Y o Y N w N o

o
~

-0.5

Corrected

IIII|IIII|

L1l llllllJlJJJLLLliLlilllll[llllll1llllIIlIlllI

1600 1800 2000 2200 2400
Voltage (mV)

| I <~0.05 ch

(< 0.15eV

Non-linearity of overall system will be measured with the final setup. Presently

we use an error obtained in E570

: +0.5 eV

(should be cancelled in the isotope measurement)



Background shape

O 2nd order polynomial background will be used

Counts / 50 eV Fit residuals Counts / 50 eV

Fit residuals

ES 70 data __ Peak shift by changing background fitting
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E. M. value from Kaon mass

O Uncertainty of negative kaon mass

WEIGHTED AVERAGED
493.664+0.011 (Error scaled by 2.5)

Weighted average

Values above of weighted average, error,0

and scale factor are based upon the data in

this ideogram only. They are not neces-0O 4 9 3 . 6 6 3 i O . O ]- ]-
sarily the same as our "best' values,

obtained from a least-squares constrained fitO eV

utilizing measurements of other (related)
| ) quantities as additional information.
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