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Muonic atoms are powerful probes of atomic and nuclear structure through their characteristic Method

X-ray transitions. Accurate modeling of these spectra requires reliable transition energies and = N
intensities. Cascade calculations [1] are used to determine the transition intensities, * Transitionintensities computedforZ=4-103 ==, =t 2¢%
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description of transition energies, MuDirac [2] is used, which solves the Dirac equation el e e o By B g By ety
|ncl_ud|ng nuclear size, vacuum polarization’ and electronic screening, ° GOOd agreement with experiment for deOle SR et [ A o B o [ A A e L 4
Using these two complementary approaches, we construct a database containing cascade transitions; discrepancies remain for some e EEEEE
transition intensities and MuDirac-calculated energies for muonic atoms across a wide range of quadrupole transitions.

e New C++ cascade code under validation.

elements. The calculated transition energies and relative intensities are compared with available
@erimental muonic X-ray measurements. /

* Muonic X-ray energies obtained with MuDirac

Experimental Approach for all elements and stable isotopes.

 Full spectrum of muonic X-rays from £ 5000
old, measured using the GIANT setup. ° s0f- : .
gold, g P e * Experiments are performed using the GIANT
o HPGe | i ; 25000 oo setup (Germanium Array for Non-destructive
o - — 600 ‘ | —C .
ap e etectgr IS gnergy cali ra.te o000 E- | n1a Testing) [3].
using standard radioactive sources with - |
15000 [~ 300 i
well-known gamma-ray lines. : \
g y 10000 ; 1(;; 5550 ;\‘ 5650 57000
* Event-by-event ELET correction was 8
. . . . ;_“__ oy R lJJ L R DT UV ' T
applied to the HPGe timing relative to the ° 1000 2000 3000 3000 5000 Energys[égg]
tag detector. Computational Approach
8§ L * Afinal timing window of =50 ns to +50 ns T =
o0l was applied uniformly to all detectors. * Each transition is represented by an CE |— s
. analytical response function centered L -ty o e S
30000 1 g . . . . . H ; Higher serie.s (n->9)
i * The calibrated and time-aligned signals at the MuDirac energy. O O B | S T I 1 B T
20000 gy from all HPGe detectors are combined to
: construct the summed energy spectrum. * The area of each peak is fixed by the S 1 T B 1 e I R
10000 . . . H :
EU.UW\L normalized cascade intensity. i
N I ]“,-].LauﬁoLl..lA.l.|..h_... A, 10_4? LY L | R R O Y A
1000 2000 3000 4000 5000 Energyes[ggel ] o . . . 1 5 i
5 Hop * The detector resolution is introduced 10 — L UL go‘og 0
* The summed energy spectrum is & il _ through an energy-dependent width.
constructed from efficiency-calibrated g T
o 100— o F
deteCtorS. ; E ° Al'l indiVidual‘ response funCtionS are ? 75_ ---------------------------------------------------- S(E):reconstructédspectrumfror.nthesum ofaII.transitions
— . - i i o [Ewy
“E summed to build the reconstructed 6 I S— S— @S] |
. || i : : .- cascade intensity (peak area
* The baCkground IS mOdeled and 60 [T 800~ 8550 5a00Bo50 5700 6750 5800 5850 590 SpeCtrum, 55_ ............... ...................... ............... w:MuDirac transition energy ...
subtracted using the TSpectrum class. ol £ P B s s e
il e The summed spectrum is normalized N L A A R D N
v | | o | - to ka1 for direct comparison with 1 T TS T N T S
p — 0=—— I1000I — I2000I — I30[00I — I4OIOO[ — I5000I IEnIergyG[Eg)/] eXperIment. g § §
= milr A A I S S ) I
s ; | \mjul
: o : * The summed energy spectrum is 100020 S A S R ke
" 2sE normalized to the ka1 peak.
1.5;— 5500 £550 5600 5650 5700 750 5800 5850 900 ° Muonic X_ray tranSitiOnS are Observed
H up to principal quantum numbern= 8 / . _
H IR i B R A A
5 L | Rk AR
T T I 2 R O R LR Rt o """
2000 3000 4000 5000 6000 . . p . p .
Energy [keV] | SRR | N, ) :
\ 9203:10:30 3;0 400 20 44(% (keC?o 0 600 650 700 750 E(ke\??o £ V) 1%00 1300 1400 1500 1600 1700E (ke1\/£;00 &00 5550 5600 5650 5700 5750 5800 58ES(zke§/9)00
ﬁonclusmn Resul
t ®
* The combined MuCascade approach provides a esuus =
reliable description of muonic X-ray spectra. * The summed Au energy spectrum is 3 Exoermena
compared with MuCascade (cascade + § —— MuCascade
 Current limitations (HF splitting, self-absorption, MuDirac). Téi
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 Avalidated, comprehensive database covering all relative intensity.
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