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SYSTEM P (min) MWD (𝑴𝑴⨀) MsdB (𝑴𝑴⨀)
ZTF J2055+4651 56.35 0.65±0.05 0.41±0.04
ZTF J2130+4420 39.34 0.545±0.020 0.337±0.015
HD 265435 99.10 0.91±0.10 0.62±0.15
OW J0815-3421 73.70 0.707±0.084 0.343±0.071

CD-30°11223 70.00 0.74±0.02 0.47±0.02

PTF1 J2238+7430 76.34 0.725±0.026 0.383±0.028

CO WD+sdB Binaries
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CO WD+sdB Binaries

They are important because…

• Compact objects are not “naked” core
Penultimate progenitors of AM CVn systems
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CO WD+sdB Binaries

sdB

sdB

They are important because…

• Compact objects are not “naked” core
Penultimate progenitors of AM CVn systems

• Emitters of detectable GWR

Eruptive phenomena!!
Novae, He-novae

Thermonuclear explosion

Calibration sources for GW antennae

• The two components will come into contact!!
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During H-accretion…

NOVAE Mass ejection 
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The PTF1 J2238+7430

Piersanti+2024
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The PTF1 J2238+7430

During He-accretion…

THe increases above 𝟑𝟑 × 𝟏𝟏𝟏𝟏𝟖𝟖 K
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The PTF1 J2238+7430

Typical of i-process 
nucleosynthesis!
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The PTF1 J2238+7430
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The PTF1 J2238+7430

𝟏𝟏𝟑𝟑𝑪𝑪 𝜶𝜶,𝒊𝒊 𝟏𝟏𝟏𝟏𝑶𝑶
Shear mixing
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The PTF1 J2238+7430
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𝒅𝒅𝒅𝒅

𝒅𝒅𝒕𝒕
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Rb Mo
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The PTF1 J2238+7430

Limongi & Chieffi (2018)
No-rotation
Vrot=150 km/s
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Conclusion
We explore the nucleosynthesis produced during recurrent He-flashes in 
the PTF1 J2238+7430 binary system.



s,i, & r Element Nucleosinthesis Conference, 8-13 June, 2025, Giulianova (Italy)

Conclusion
We explore the nucleosynthesis produced during recurrent He-flashes in 
the PTF1 J2238+7430 binary system.
We account self-consistently 
for rotation

We coupled directly to the FuNs
code a full network up to 254Cf



s,i, & r Element Nucleosinthesis Conference, 8-13 June, 2025, Giulianova (Italy)

Conclusion
We explore the nucleosynthesis produced during recurrent He-flashes in 
the PTF1 J2238+7430 binary system.

We find:

We account self-consistently 
for rotation

We coupled directly to the FuNs
code a full network up to 254Cf

𝑵𝑵𝒊𝒊
𝒅𝒅𝑪𝑪𝒎𝒎 > 𝟏𝟏𝟏𝟏𝟏𝟏𝟓𝟓 𝒄𝒄𝒅𝒅−𝟑𝟑 𝜹𝜹𝜹𝜹~𝟏𝟏.𝟏𝟏𝟏𝟏 − 𝟏𝟏.𝟑𝟑𝟐𝟐𝒅𝒅𝑹𝑹𝑪𝑪𝒎𝒎𝒊𝒊−𝟏𝟏

𝚿𝚿 ≥ 𝟏𝟏𝟏𝟏𝟐𝟐 from Cu to Sn



s,i, & r Element Nucleosinthesis Conference, 8-13 June, 2025, Giulianova (Italy)

Conclusion
We explore the nucleosynthesis produced during recurrent He-flashes in 
the PTF1 J2238+7430 binary system.

We find:

We account self-consistently 
for rotation

We coupled directly to the FuNs
code a full network up to 254Cf

𝑵𝑵𝒊𝒊
𝒅𝒅𝑪𝑪𝒎𝒎 > 𝟏𝟏𝟏𝟏𝟏𝟏𝟓𝟓 𝒄𝒄𝒅𝒅−𝟑𝟑 𝜹𝜹𝜹𝜹~𝟏𝟏.𝟏𝟏𝟏𝟏 − 𝟏𝟏.𝟑𝟑𝟐𝟐𝒅𝒅𝑹𝑹𝑪𝑪𝒎𝒎𝒊𝒊−𝟏𝟏

𝚿𝚿 ≥ 𝟏𝟏𝟏𝟏𝟐𝟐 from Cu to Sn
Contribution of PTF-like to GCE:



s,i, & r Element Nucleosinthesis Conference, 8-13 June, 2025, Giulianova (Italy)

Conclusion
We explore the nucleosynthesis produced during recurrent He-flashes in 
the PTF1 J2238+7430 binary system.

We find:

We account self-consistently 
for rotation

We coupled directly to the FuNs
code a full network up to 254Cf

𝑵𝑵𝒊𝒊
𝒅𝒅𝑪𝑪𝒎𝒎 > 𝟏𝟏𝟏𝟏𝟏𝟏𝟓𝟓 𝒄𝒄𝒅𝒅−𝟑𝟑 𝜹𝜹𝜹𝜹~𝟏𝟏.𝟏𝟏𝟏𝟏 − 𝟏𝟏.𝟑𝟑𝟐𝟐𝒅𝒅𝑹𝑹𝑪𝑪𝒎𝒎𝒊𝒊−𝟏𝟏

𝚿𝚿 ≥ 𝟏𝟏𝟏𝟏𝟐𝟐 from Cu to Sn

𝑵𝑵"𝑷𝑷𝑻𝑻𝑭𝑭"

𝑵𝑵𝒅𝒅𝑪𝑪𝒎𝒎
< 𝟏𝟏.𝟏𝟏𝟐𝟐

Contribution of PTF-like to GCE:



s,i, & r Element Nucleosinthesis Conference, 8-13 June, 2025, Giulianova (Italy)

Conclusion
We explore the nucleosynthesis produced during recurrent He-flashes in 
the PTF1 J2238+7430 binary system.

We find:

We account self-consistently 
for rotation

We coupled directly to the FuNs
code a full network up to 254Cf

𝑵𝑵𝒊𝒊
𝒅𝒅𝑪𝑪𝒎𝒎 > 𝟏𝟏𝟏𝟏𝟏𝟏𝟓𝟓 𝒄𝒄𝒅𝒅−𝟑𝟑 𝜹𝜹𝜹𝜹~𝟏𝟏.𝟏𝟏𝟏𝟏 − 𝟏𝟏.𝟑𝟑𝟐𝟐𝒅𝒅𝑹𝑹𝑪𝑪𝒎𝒎𝒊𝒊−𝟏𝟏

𝚿𝚿 ≥ 𝟏𝟏𝟏𝟏𝟐𝟐 from Cu to Sn

𝑵𝑵"𝑷𝑷𝑻𝑻𝑭𝑭"

𝑵𝑵𝒅𝒅𝑪𝑪𝒎𝒎
< 𝟏𝟏.𝟏𝟏𝟐𝟐 𝒅𝒅𝑵𝑵𝒆𝒆

"𝑷𝑷𝑻𝑻𝑭𝑭" < 𝟏𝟏.𝟑𝟑𝑴𝑴⊙

Contribution of PTF-like to GCE:



s,i, & r Element Nucleosinthesis Conference, 8-13 June, 2025, Giulianova (Italy)

Conclusion
We explore the nucleosynthesis produced during recurrent He-flashes in 
the PTF1 J2238+7430 binary system.

We find:

We account self-consistently 
for rotation

We coupled directly to the FuNs
code a full network up to 254Cf

𝑵𝑵𝒊𝒊
𝒅𝒅𝑪𝑪𝒎𝒎 > 𝟏𝟏𝟏𝟏𝟏𝟏𝟓𝟓 𝒄𝒄𝒅𝒅−𝟑𝟑 𝜹𝜹𝜹𝜹~𝟏𝟏.𝟏𝟏𝟏𝟏 − 𝟏𝟏.𝟑𝟑𝟐𝟐𝒅𝒅𝑹𝑹𝑪𝑪𝒎𝒎𝒊𝒊−𝟏𝟏

𝚿𝚿 ≥ 𝟏𝟏𝟏𝟏𝟐𝟐 from Cu to Sn

𝑵𝑵"𝑷𝑷𝑻𝑻𝑭𝑭"

𝑵𝑵𝒅𝒅𝑪𝑪𝒎𝒎
< 𝟏𝟏.𝟏𝟏𝟐𝟐 𝒅𝒅𝑵𝑵𝒆𝒆

"𝑷𝑷𝑻𝑻𝑭𝑭" < 𝟏𝟏.𝟑𝟑𝑴𝑴⊙

Contribution of PTF-like to GCE:
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Conclusion
We explore the nucleosynthesis produced during recurrent He-flashes in 
the PTF1 J2238+7430 binary system.

We find:

We account self-consistently 
for rotation

We coupled directly to the FuNs
code a full network up to 254Cf

𝑵𝑵𝒊𝒊
𝒅𝒅𝑪𝑪𝒎𝒎 > 𝟏𝟏𝟏𝟏𝟏𝟏𝟓𝟓 𝒄𝒄𝒅𝒅−𝟑𝟑 𝜹𝜹𝜹𝜹~𝟏𝟏.𝟏𝟏𝟏𝟏 − 𝟏𝟏.𝟑𝟑𝟐𝟐𝒅𝒅𝑹𝑹𝑪𝑪𝒎𝒎𝒊𝒊−𝟏𝟏

𝚿𝚿 ≥ 𝟏𝟏𝟏𝟏𝟐𝟐 from Cu to Sn

𝑵𝑵"𝑷𝑷𝑻𝑻𝑭𝑭"

𝑵𝑵𝒅𝒅𝑪𝑪𝒎𝒎
< 𝟏𝟏.𝟏𝟏𝟐𝟐 𝒅𝒅𝑵𝑵𝒆𝒆

"𝑷𝑷𝑻𝑻𝑭𝑭" < 𝟏𝟏.𝟑𝟑𝑴𝑴⊙

Contribution of PTF-like to GCE:
NEGLIGIBLE!!!
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the PTF1 J2238+7430 binary system.
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We account self-consistently 
for rotation

We coupled directly to the FuNs
code a full network up to 254Cf

𝑵𝑵𝒊𝒊
𝒅𝒅𝑪𝑪𝒎𝒎 > 𝟏𝟏𝟏𝟏𝟏𝟏𝟓𝟓 𝒄𝒄𝒅𝒅−𝟑𝟑 𝜹𝜹𝜹𝜹~𝟏𝟏.𝟏𝟏𝟏𝟏 − 𝟏𝟏.𝟑𝟑𝟐𝟐𝒅𝒅𝑹𝑹𝑪𝑪𝒎𝒎𝒊𝒊−𝟏𝟏

𝚿𝚿 ≥ 𝟏𝟏𝟏𝟏𝟐𝟐 from Cu to Sn

𝑵𝑵"𝑷𝑷𝑻𝑻𝑭𝑭"

𝑵𝑵𝒅𝒅𝑪𝑪𝒎𝒎
< 𝟏𝟏.𝟏𝟏𝟐𝟐 𝒅𝒅𝑵𝑵𝒆𝒆

"𝑷𝑷𝑻𝑻𝑭𝑭" < 𝟏𝟏.𝟑𝟑𝑴𝑴⊙

Contribution of PTF-like to GCE:
NEGLIGIBLE!!!

𝜳𝜳 𝟏𝟏𝟏𝟏𝑵𝑵𝒊𝒊 = 𝟐𝟐𝟏𝟏
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Conclusion
We explore the nucleosynthesis produced during recurrent He-flashes in 
the PTF1 J2238+7430 binary system.

We find:

We account self-consistently 
for rotation

We coupled directly to the FuNs
code a full network up to 254Cf

𝑵𝑵𝒊𝒊
𝒅𝒅𝑪𝑪𝒎𝒎 > 𝟏𝟏𝟏𝟏𝟏𝟏𝟓𝟓 𝒄𝒄𝒅𝒅−𝟑𝟑 𝜹𝜹𝜹𝜹~𝟏𝟏.𝟏𝟏𝟏𝟏 − 𝟏𝟏.𝟑𝟑𝟐𝟐𝒅𝒅𝑹𝑹𝑪𝑪𝒎𝒎𝒊𝒊−𝟏𝟏

𝚿𝚿 ≥ 𝟏𝟏𝟏𝟏𝟐𝟐 from Cu to Sn

𝑵𝑵"𝑷𝑷𝑻𝑻𝑭𝑭"

𝑵𝑵𝒅𝒅𝑪𝑪𝒎𝒎
< 𝟏𝟏.𝟏𝟏𝟐𝟐 𝒅𝒅𝑵𝑵𝒆𝒆

"𝑷𝑷𝑻𝑻𝑭𝑭" < 𝟏𝟏.𝟑𝟑𝑴𝑴⊙

Contribution of PTF-like to GCE:

𝑴𝑴𝑷𝑷𝑻𝑻𝑭𝑭(𝟏𝟏𝟏𝟏𝑭𝑭𝑵𝑵) ∼ 𝟑𝟑.𝟐𝟐 � 𝟏𝟏𝟏𝟏−𝟖𝟖𝑴𝑴⊙

𝑴𝑴𝑴𝑴,𝟏𝟏(𝟏𝟏𝟏𝟏𝑭𝑭𝑵𝑵) ∼ 𝟐𝟐.𝟗𝟗 � 𝟏𝟏𝟏𝟏−𝟖𝟖𝑴𝑴⊙

𝑴𝑴𝑴𝑴,𝟏𝟏𝟓𝟓𝟏𝟏(𝟏𝟏𝟏𝟏𝑭𝑭𝑵𝑵) ∼ 𝟏𝟏.𝟏𝟏 � 𝟏𝟏𝟏𝟏−𝟖𝟖𝑴𝑴⊙

NEGLIGIBLE!!!

𝜳𝜳 𝟏𝟏𝟏𝟏𝑵𝑵𝒊𝒊 = 𝟐𝟐𝟏𝟏



THANKS FOR 
YOUR 

ATTENTION!!
s,i, & r Element Nucleosinthesis Conference, 8-13 June, 2025, Giulianova (Italy)
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Double-detonation Thermonuclear Supernova

He-detonation occurs

The CO core detonates

A”normal” SNe Ia requires 
that the CO core is massive 
(𝑴𝑴𝑪𝑪𝑶𝑶 > 𝟏𝟏.𝟏𝟏𝑴𝑴⨀)

… otherwise a “faint” SNe Ia

When the He-buffer exceeds 
a critical value …



The PTF1 J2238+7430
FUNS model WITHOUT ROTATION

At the epoch of He-ignition…

𝜟𝜟𝑴𝑴𝑯𝑯𝑵𝑵 ~ 𝟏𝟏.𝟏𝟏𝟏𝟏𝑴𝑴⨀ 𝝆𝝆𝑯𝑯𝑵𝑵 = 𝟏𝟏.𝟖𝟖𝟏𝟏 × 𝟏𝟏𝟏𝟏𝟓𝟓𝒈𝒈 � 𝒄𝒄𝒅𝒅−𝟑𝟑

HE-DETONATION
𝑬𝑬𝒌𝒌𝒊𝒊𝒊𝒊 = 𝟏𝟏.𝟖𝟖𝟏𝟏𝟑𝟑 𝒇𝒇𝒄𝒄𝑵𝑵 𝑴𝑴 𝟓𝟓𝟏𝟏𝑵𝑵𝒊𝒊 = 𝟏𝟏.𝟏𝟏𝟏𝟏𝟏𝟏𝑴𝑴⨀

𝑴𝑴 𝑪𝑪 + 𝑶𝑶 = 𝟏𝟏.𝟐𝟐𝟖𝟖𝟑𝟑𝑴𝑴⨀
𝑴𝑴 𝑺𝑺𝒊𝒊 + 𝑺𝑺 = 𝟏𝟏.𝟑𝟑𝟖𝟖𝟏𝟏𝑴𝑴⨀

𝒄𝒄𝒄𝒄𝒎𝒎𝑹𝑹𝒎𝒎𝒅𝒅𝒔𝒔 = 𝟖𝟖𝟏𝟏𝟓𝟓 𝒌𝒌𝒅𝒅/𝒎𝒎

MWD=0.75 M⊙
MsdB=0.39 M⊙

∆MH=2x10-3 M
⊙



The PTF1 J2238+7430
FUNS model WITH ROTATION

𝝆𝝆𝑯𝑯 = 𝟐𝟐.𝟖𝟖𝟐𝟐 × 𝟏𝟏𝟏𝟏𝟑𝟑𝒈𝒈 � 𝒄𝒄𝒅𝒅−𝟑𝟑

𝜼𝜼 = 𝟏𝟏

𝜼𝜼 = −𝟏𝟏𝟏𝟏𝟓𝟓𝟏

Rotating

𝝆𝝆𝑯𝑯 = 𝟏𝟏.𝟖𝟖𝟗𝟗 × 𝟏𝟏𝟏𝟏𝟑𝟑𝒈𝒈 � 𝒄𝒄𝒅𝒅−𝟑𝟑
Non-rotating



The PTF1 J2238+7430
FUNS model WITH ROTATION



The PTF1 J2238+7430
FUNS model WITH ROTATION

Erosion of the CO WD!!!



The PTF1 J2238+7430

Erosion of the CO WD!!!



The PTF1 J2238+7430
BRAKING WDs

No GWR for f-mode instability

GWR for r-mode instability

≥ 109 𝑦𝑦𝑦𝑦

If there exists a physical process 
working on shorter τ ...

Rotating WDs emit GWR!!!

Cooling



The PTF1 J2238+7430

𝑑𝑑𝜔𝜔
𝑑𝑑𝑑𝑑

=
1
𝑖𝑖
𝑑𝑑
𝑑𝑑𝑑𝑑

4𝜋𝜋𝑦𝑦2𝜌𝜌 2𝑖𝑖𝜈𝜈
𝑑𝑑𝜔𝜔
𝑑𝑑𝑑𝑑

𝜈𝜈 = 𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝜈𝜈𝑟𝑟𝑐𝑐𝑟𝑟
= 𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝜈𝜈𝐸𝐸𝐸𝐸 + 𝜈𝜈𝐺𝐺𝐸𝐸𝐺𝐺 + 𝜈𝜈𝐷𝐷𝐸𝐸 + 𝜈𝜈𝐸𝐸𝐸𝐸

𝑣𝑣𝐸𝐸𝐸𝐸 =
𝛻𝛻𝑎𝑎

𝛿𝛿 𝛻𝛻𝑎𝑎𝑎𝑎 − 𝛻𝛻
𝑙𝑙𝑟𝑟
𝐺𝐺𝑑𝑑𝑟𝑟

2𝜀𝜀𝑦𝑦2

𝑙𝑙𝑟𝑟
−

2𝑦𝑦2

𝑑𝑑
−

3
4𝜋𝜋𝜌𝜌𝑦𝑦

𝜔𝜔
𝜔𝜔𝑐𝑐𝑟𝑟

2

𝑣𝑣𝐺𝐺𝐸𝐸𝐺𝐺 =
2𝐻𝐻𝑇𝑇𝑦𝑦
𝐻𝐻𝑗𝑗

𝑑𝑑ln𝑦𝑦
𝑑𝑑ln𝜔𝜔

𝑣𝑣𝐸𝐸𝐸𝐸

𝑣𝑣𝐷𝐷𝐸𝐸 =
𝐻𝐻𝑃𝑃
𝜏𝜏𝑎𝑎𝑑𝑑𝑐𝑐

1 − max
𝑅𝑅𝑖𝑖
𝑅𝑅𝑖𝑖,𝐶𝐶

, 0
2

𝜈𝜈𝐸𝐸𝐸𝐸 =
1
3
𝐾𝐾𝑅𝑅𝑖𝑖,𝑐𝑐
𝑁𝑁2

𝑑𝑑𝜔𝜔
𝑑𝑑𝑙𝑙𝑑𝑑𝑦𝑦

2

1 −
max 𝑅𝑅𝑖𝑖,1,𝑅𝑅𝑖𝑖,2

𝑅𝑅𝑖𝑖,𝐶𝐶

Circulation velocity

(Heger+2000)

(Heger+2000)

(Yoon+2004)

(Yoon+2004)
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𝑣𝑣𝜇𝜇 = 𝑓𝑓𝜇𝜇
𝐻𝐻𝑃𝑃
𝜏𝜏𝐾𝐾𝐾𝐾∗

𝜑𝜑𝛻𝛻𝜇𝜇
𝛿𝛿 𝛻𝛻𝑎𝑎𝑎𝑎 − 𝛻𝛻

Stabilizing effect of µ-current:

𝑣𝑣𝐸𝐸𝐸𝐸
𝑒𝑒𝑒𝑒𝑒𝑒 = max 𝑣𝑣𝐸𝐸𝐸𝐸 − 𝑣𝑣𝜇𝜇 , 0

𝑣𝑣𝐺𝐺𝐸𝐸𝐺𝐺
𝑒𝑒𝑒𝑒𝑒𝑒 = max 𝑣𝑣𝐺𝐺𝐸𝐸𝐺𝐺 − 𝑣𝑣𝜇𝜇 , 0

𝑑𝑑𝑋𝑋𝑖𝑖
𝑑𝑑𝑑𝑑

=
𝑑𝑑
𝑑𝑑𝑑𝑑

4𝜋𝜋𝑦𝑦2𝜌𝜌 2𝐷𝐷
𝑑𝑑𝜔𝜔
𝑑𝑑𝑑𝑑

𝐷𝐷 = 𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝐷𝐷𝑟𝑟𝑐𝑐𝑟𝑟
= 𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝑓𝑓𝐶𝐶 𝜈𝜈𝐸𝐸𝐸𝐸 + 𝜈𝜈𝐺𝐺𝐸𝐸𝐺𝐺 + 𝜈𝜈𝐷𝐷𝐸𝐸 + 𝜈𝜈𝐸𝐸𝐸𝐸

Mixing of chemicals:

Rotational energy dissipation:
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑Ψ

= 𝜀𝜀 + 𝜺𝜺𝒅𝒅𝒊𝒊𝒎𝒎𝒎𝒎 𝜺𝜺𝒅𝒅𝒊𝒊𝒎𝒎𝒎𝒎 =
𝟏𝟏
𝟐𝟐
𝝂𝝂𝒎𝒎𝒄𝒄𝒕𝒕

𝝏𝝏𝝏𝝏
𝝏𝝏𝐥𝐥𝐥𝐥𝒎𝒎

𝟐𝟐

Yoon & Langer2004:𝒇𝒇𝝁𝝁,𝒇𝒇𝑪𝑪 = 𝟏𝟏.𝟏𝟏𝟓𝟓,𝟏𝟏.𝟏𝟏𝟏𝟏
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