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-Busts from mass X-ray binary systems
-nuclear explosion in the accreating laye
on the surface of the NS
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X-ray bursts (XRB)
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reqular stars X-ray burst (on NS)

A X-ray

visible light
burning

- No energy generation

A Fray

All energy generation here

Hydrogen enxgioney
burnin
Hydrogen burning shell il

Inert helium core N

No energy generation

(Chamel & Haensel 08)
1% 17.7'.""



regular stars X-ray burst (on NS)

ejecta Optical X-ray
(wind/explosion)

illustration by ChatGPT



Talk plan

1. Impa of the 26Si(a.p)29P rate

-iImpacts of rate uncertainty on the light curve and nucleosynthesis
-expected impacts by a new measurement at CRIB

2. Impacts of new theory rates
-new rate calculations by SMARAGD (updated of NON-SMOKER)

3. (Temperature-resolved rate sensitivity)

-Impacts of triple-a and 12C(a,g)'60 on %6Ni production in PISN




Impacts of the 28Si(a.p)2°P rate

In collaboration with CNS (U Tokyo) group
-Hayakawa+NN+, In prep. = main experiment paper
‘NN, Dohi+, in prep.




A kev reaction: 46Si(a.p)2°P

Key reactions (Cyburt+20106) Not on the main flow,

Rank Reaction Type® Sensitivity” Category bUt may act as a SUb‘branCh

1 Ni(or, p)*Cu U 12.5 l

2 Cu(p, )*Zn D 12.1 1 connected to 37-38.32.40C3
3 150(cx, 7)'%Ne D 7.9 1 i o

2 30G (v, n)**Cl . 4 .

AT - : 255 265 275 285 295 305

7 BAl(p, 7)?*Si U 4.8 1

8 P(p, 128 D 4.4 1 N O - w

9 %Ga(p, 7)*Ge D 3.8 1 = -I l —l

10 UZn(c, p)®'Ga U 3.6 ] )]

3 Mo o)A . & 1 Q| 24P 25P 26P 21/P 28

2 e ;o4 : Sl oL

Mo g ' - 7 e

14 *$(a, p)'C] U 2.7 1 L ‘.,J:‘

15 ICI(p, 7)2Ar U 2.7 1 S | 23Si (| 24Si || 2551 || 2681 || 27Si

16 3K (p, 7)3%Ca U 2.5 2 =

17 I8Ne(a, p)*'Na D 2.3 2 O AN AN

18 SSi(a, p)2tP U 1.9 2 ol = -l E— —l B

19 Cu(p, ¥)*%n D 1.7 2 l

2 Ar(a, p)7K U 16 s |IP-Process| || 23A1|! 24A1 | 25A1 || 26Al

21 Si(o, p)¥'P U | .4 3 |

22 2Me(p, 7) Al D 1.1 3 . BTN BN

23 6SAs(p, 7)°Se U 1.0 3 | Main ﬂOW = 1L 1R\

24 140 (v, p)!F U 1.0 3

25 0Sc(p, 7)*Ti D 0.9 3 22Mqg||23Mg | P& 25Mqg | 26Mg
26 MAr(p, YK D 0.8 3

27 IMn(p, v)*8Fe D 0.8 3

28 FCa(p, 1)*Sc D 0.8 3

Neutron number, N
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JNe-
One-zone X-ray burst model
(Sugimoto & Fujimoto 1978, Fujimoto+1981)

.surface gravity: gs 1.318 x 10'#, 2.399 x 10! cm/s”

.ignition pressure: pign 2.5 x 10** ~ 1.6 x 10* dyn/cm?
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siginificantly lower than Statistical calculations — weak impacts on XRB light curves
SMARAGD (Rauscher 2026)
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Impacts of new theory rates

references
-Rauscher EPJ A, 62 (2026) - SMARAGD
‘NN, Dohi, Rauscher+, in prep.
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-new theoretical rates by SMARAGD (statisitcal model); Rauscher (2026)
-latest physics inputs & physics model (e.g., direct capture)
-better agreement with experiments than previous calaultions (NON-SMOKER

-a major update on widely used Reaclib (astrophysical reaction rates) since 1990’s

Comparison to NON-SMOKER
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vs SMARAGD (Rauscher 2026)

comparison to NON-SMOKER

T T

SR lTlll’

T

T T lITllll

l
gl2p22.40
gl2p22.45
g12p22.50

g12p22.55 -

g12p22.60
g12p22.60
g12p22.65
g12p23.00

14 11l

I llllll

llllllll I

1

100 200 300
Time after the burst, s

i T IIIITI

|l LS 'TII

) | IIIII"I

T
g38p22.70
g38p22.75
g38p22.80

g38p22.85 -

£38p22.90
£38p22.95
g38p23.00
g38p23.20

-
2
3
r

| llllll

1)

|

1 llllll

typical NS:
1.4 M, , 10 km

Time afier the burst, s

500

stronger gs

Luminosity Ratic

Luminosity Ratio

Luminosity Ratio

Abundance Ratia
S - N W s

Abhundance Ratio
Lo B £ B % B

. [ L7 slpzmant]
. = 4
1 b= P (‘:\}E'
; 4
n ] ! ] ]

0 100 200 300 400 500
Time after the hurst, s

0 100 200 300 400 500
Time after the burst, s

Luminosity Ratic

ro

p—}

gl12p22.45 |

- B
PTG S ———
- B
| | | |

Luminosity Ratic

(o]

—

<

0 10 200 300 400 S00
Time ater the hrst, s

g12p22.65 -

Ammdance Katin

1 N N

o NS O OO
| b |
:,/’-
3

0 100 00 300 400 500
Time after the burst, s

' g12p22.40(*

O = N s

30 440 30 o it (i Y0
Mass Number, 4

30 40 30 00 70 il S0
Mass Niumbher, 4

" gl12p22.65

30 40 50 60 70 &0 90
Mass Number, 4

0 10 200 300 40D 500
Time after the burst, s
'§ B T T T T
oy 6 F 2
R | 1
.g 4 - -
- 5
§ =
- D 1 | | 1
0 1C0 200 300 400 500
Time after the burst, s
'2 B ] I 1 | |
70} g12p23.00(*
(' 6 - -
2.1
g4r ]
"2 ? 7 m
‘ PTLEILLS T eeseassacsaisiaiend
.—E’ 0 | il |
0 100 200 N0 400 560
Time after the burst, s
.g 4
@ 4
Q
& 2
=
g 1
=
<0
Al a0 50 6 0 b)) )
Mass Number, £
Z4
93
< 3
Q
2 n
g &
R
2
<0 :
30 40 50 60 70 80 20
Mass Number, 4
% 4 T
3
9
& 2
3
g 1
Z0 :
30 40 50 60 70
Mass Number, 4

23 T T T T
- 7| TP
e 2 [ gl12p22.60 :
20l x
gar J ]
=
g 2 B _“-—;—"—'———;
E ) = Loy 1 1
0 G0 200 300 <00 500
Time azer the burst, s

all reac.

(p,Y)/(Y.p) reac. _—

a-induced reac.
24
= 3
g,
g |
g
< 0

30 40 50 6l ™l ) Y0
Mass Number, 4

=)
= 4 ' A"
;2 3 gl..pu..(y()
w
g 2
B
20

70
Mass Number, 4

all rcac.

(0.Y)/(y.p) reac.
a-induced reac.




Effe 0f hew rate

Luminosity Ratio
S N A O ®

0 100 200 300 400 500
Time after the burst, s

Abundance Ratio
o == N W B

30 40 50 60 70 80 90 100 110 120
Mass Number, 4

Luminosity Ratio
©S N A O o©

oreliminar

all reac.

(p,Y)/(Y,p) reac.

a-induced reac.

0 100 200 300 400 500
Time after the burst, s

Abundance Ratio
o == N W B

30 40 50 60 70 80 90 100 110 120
Mass Number, 4



Luminosity Ratio

Abundance Ratio

Effe 0T nhew rate

(p aY)/ (Y,P) reac.

a-induced reac.

breakthrough from a few waiting nuclei?

8

6 .

] suppresses peating
2 s " e oeow

0

S = N W B

0 100 200 300 400 500
Time after the burst, s

0 a0 0 0 0 gy R ecuiiorin

Mass Number, 4

proton number Z

proton number Z

o)

~

o)

wu

NN

w

olgs

liminar

ll roac new (p,g) rates show difference

(but not simple)

l . l. 08 1
0* . l Eogoo é § 10
annil o "BoaBi8
: 1 F |
0 o _go Bo
0 D ozogoc =
g BU B (] :
0 1 bbbl (p,y) ratio at To = 3.0
o gog o o stable nuclides
L3 {1 esiipd 2 e z g .
70 80 90 100 110 120 130 109
golg®aii . 1% 02
0 & 8% sm 8 O gog oo8s«8
o calthea
.==llll DUB =)
. of B0 Bii ol aee “
0 ,l :c'. a 808
oiln o, o SsuEINEN .
=-:=n g 808 o (p:V) ratioat T =3.0
0 I e o stable nuclides 10-1
™o =0 _goo ' i _ ) ) ‘
20 30 40 50 60 70 80 90

neutron number N

focus more on individual
reaction rates

NON-SMOKER/SMARAGD



Luminosity Ratio
S N A O o

Abundance Ratio

Effe

Of new rate

all reac.

(p aY)/ (Y,P) reac.

a-induced reac.

ap-process

100 200 300

suppresses heating

500

400

Time after the burst, s

higher p capture?

30 40 50 60 70 80 90 100 110 120

Mass Number, 4

proton number Z

proton number Z

o)

~

w

NN

w

oreliminar

— larger Yp

new rates show weaker (p,a)

130

; R G
,..:illlllllllllllllll:!igasl-.,
T
IR TR
ORI} 1 B E
A R ;:g;ag!!ﬁglul
it t L] itatabatede .
o RRHRRRERN. 180 2c.c.s (p.@) ratio at To = 3.0
!!!E!!!;!:Eg 0 o stable nuclides
70 80 90 100 110 120
s Bfas.Ba . BREIEERECH
0 ® am B8O 8-Blou8 8
1 5xg padct
EBRT BEw 008 g
| o
° avn med. O §OB
e .
"o%goBio (p,a) ratio at Tg = 3.0
0 i go © stable nuclides
5L : , , 5
20 30 40 50 60 70 80

neutron number N

reaction rates

90

1071

» focus more on individual

NON-SMOKER/SMARAGD



Temperature-resolved rate sensitivity

see Poster #04 by H. Kawashimo

based on
-Kawashimo, NN & Suwa (2026), arXiv:2605.27264
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nuclear physics to nucleosynthesis nucleosynthesis
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experiment theor also diversity (less uncertain) observation

Nuclear Reaction Cross section, Astrophysical Reaction
Abundances
property model Rate model network

uncertianty factor (const.)
T-dependent uncertainty _
(systematics) T-dependent variation

T-resolved rate sensitivit

realistic
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Pair-instability Supernovae

Ire rescC

.Explosion of very massive stars ( > 100 M)

-triggered by e—e+* pair creation

from high-energy gamma-ray

-occures after He burning in a massive C/O core
-complete disruption of the star

with production of a large amount of °6Ni
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Kev T in °°Ni production PISNe

.100 M, very massive star (H-envelope stripped)

-Evolution and explosion are calculated by the MESA code
-Correlation (rate variation vs °6Ni): Peason’s coefficient

Number of models per bin

higher impact T: triple-a & 12C(a,g)'60 ~ C/0 vs. rate factor ratio
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Summary
1. Impacts of the 26Si(a.p)29P rate

‘A key reaction in XRB nucleosynthesis (recently measured by CRIB)
‘Impact study based on one-zone XRB models

-a higher rate suppresses the XRB peak and increases decline phase

-a lower rate shows opposite trend, but much smaller impacts on XRBs
‘New CRIB experiment (a lower rate) may solve this puzzle with high accuracy

2. Impacts of new theory rates

-update reaction rates by the statisical model calculation

Impacts on light curves: suppress early growth and gradually enhance later phase
-caused by faster p-induced reactions below N=Z=50 (then slower in beyond it) ?

3. (Temperature-resolved rate sensitivity)

-Impacts of triple-a and 12C(a,g) 160 on 56Ni production in PISN
— application to X-ray burst nucleosynthesis (rp-process)?




