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@ Introduction
® V1674 Herculis - Nova Herculis 2021
® The Fermi-LAT detection of GeV Emission
® Classification of V1674 Herculis

@ Fermi LAT Analysis & Results
® Search for recurrent gamma-ray activity
® Fermi LAT SED Spectrum

' Disk—Magnetosphere Model
® From Disk—Magnetosphere Shear to Reconnection

® Differential Rotation in V1674 Her
® Particle Acceleration and Radiatio.

® Energy Budget and Self-Consistency
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®

» Nova eruption: June 2021

® One of the fastest novae known

®

Optical decline timescale

th~11d

® Structured ejecta

¢ Fast bipolar outflows
» Interaction with slower material

® Multiwavelength emission
IR — Radio — Optical - X—ray — y—ray

® X-ray shocks and radio synchrotron indicate
non-thermal particle acceleration

ST Madzime, PJ Meintjes (UFS Phys Dept) (University Recurrent GeV ~-Ray from Nova 2021 October 2, 2026 3/14



The Fermi-LAT detection of GeV Emission

Early, transient GeV emission

® Detected ~ 6 h after eruption
® Energy range: 0.1-300 GeV
® Duration: ~ 18 h
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E. o 6.61 x 1040 erg 503776 393778 59378 593782 593784

Modified Julian Date (MJD)

Proposed origin

® Shock acceleration

Our proposed pathway

06 08 ) 04 06 08 1
d = 0.153 days) a od = 501,42 seconds) DA
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Classification of V1674 Herculis

System classification

® Classical nova following the 2021
thermonuclear eruption

® Magnetic white dwarf
® Accreting binary system
® Accretion disk present

® Rapid WD spin:

Pypin = 501.5 s

Classification '

Magnetic WD—disk configuration

Mywp = 1.09 M,
Rwp = 5.0 x 10 cm
Bwp = 21.3 MG
P, =367h

Pspin = 501.5 s
The magnetic field truncates the disk at

R, = 1.68 x 10° cm.

The corotation radius is

R.o = 9.73 x 10° cm.

Therefore,

Thus, the system is in the accreting regime and the
magnetosphere can couple to the disk.
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Is the 2021 gamma-ray episode isolated? Key result

) Search for additional gamma-ray enhancements
before and after the known 18-hour episode

) Six-hour binned Fermi-LAT light curve

® Three-bin moving average probes the ~ 18-hour
timescale of the known episode

Moving-average points retained at ~ 4o

3 18-hour moving average points
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® Fermi LAT spectrum (0.1-100 GeV) constructed

from intervals with TS > 7 (~ 2.60).

® Selected intervals are combined and analysed

using a binned likelihood analysis.

® Power Law and Log Parabola models tested

® TS versus energy compares the TS-gated (black)

and ungated (red) intervals.

® Higher-TS intervals show increased flux and

harder emission

E [MeV]

PowerlLaw spectrum
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From Disk—Magnetosphere Shear to Reconnection

2. Field
winding
1. Differential
rotation

T, e —) Disk and WD
rotate at
AT = (aoD different rates
Toroidal field
grows B, 1
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3. Magnetic

Reconnection
stress
H
ByBp
op =

Magnetic field
4

restructures
Pshear =

a Stored energy is released
mag RG] Relativistic particles
Rotational energy is
converted into magnetic

energy stored in the
twisted field

Recurrent GeV ~-Ray from Nova 2021
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(1) Keplerian flow reaches the coupling
radius

| GM
Qk(Rm) = R;VD

Q. (RlelaimalOal <!
(2) WD spin differs from the disk

AQ = Qp(Ry) — Qwp = 1.62x 1071571 £0

Qwp

.= =0.072 £ 1
Qx(Rm) 7

The inner disk rotates faster than the WD.

Is There Differential Rotation in V1674 Her?

(3) The shear persists long enough to wind
up
1
(o e
build < |AQ|

AQ toyig ~ 1.05 x 10* > 1

The differential rotation can continuously wind
the magnetic field.

Question
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(1) Strong magnetic shear

82 > 10, Bo 105 x10°
B, B, il

The toroidal field therefore exceeds the poloidal field sufficiently to

(2) Low plasma beta

_ 8nN.ksT.

B —, — =212 107°«1
¢

so magnetic pressure dominates the plasma pressure by a factor of ~ 5 x 10°.

(3) Super-Dreicer electric field

E,
= 5x10° > 1
so electrons enter the runaway regime immedia
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Acceleration field

=1.76 x 107 statVem ™!

Model parameter:

Two competing energy limits
Potential limit (diagnostic):

Epot = ebrec = 8.87 x 10° GeV
Current-sheet limit:

Eyw = eByw = 2.68 x 10° GeV

article,max = Min(Epot, Ew) = 2.68 x 10° GeV |

Electron channel:
Radiation reaction '({synchrotron dominated) caps the
electron ener, Erec:-

Urad) = ecErec

B — 223 GoV
— 0.637 — Thomson—KN

Ye,ma s

IC on nova optical field:l?f{
transition

e — 22.3 GeV

Proton channel:
Protons do not suffer synchrotron losses:

Tp.max = Ew —12,68 X 108GV Yp,max = 2.86 x 105

E', = 4.56 X 10* GeV
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Available accretion power Radiative channels
oD
=

GMwpM

~ 1.51 x 10%7 ergs—!
Rwp

Pach

Power extracted through differential rotation

Pahear = Nimag AQ = 1.40 X 10% ergs™! The leptonic channel reaches the Fermi-LAT energy range,
with IC photons extending to

The magnetic-stress matches the mechanical-drag and is e
about 14 times the observed y-ray luminosity yic =~ 22 GeV.

Required efficiency

L
IR 7139,

shear
Only a small fraction of the extracted shear pow
required to power the observed ~-ray luminosity.
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Conclusions

@® V1674 Her provides the conditions for magnetic energy extraction.

The 501.5 s white-dwarf spin, 21.3 MG magnetic field, and rapidly rotating accretion flow produce strong
disk—magnetosphere differential rotation.

@ Differential rotation can drive magnetic reconnection.

The magnetic winding saturates at the adopted cap By /B, = 20, exceeding the tearing-mode instability threshold
gg > 10 (Ghosh & Lamb 1991). The resulting magnetic stress, Tmag = BZB¢/47r, drives a reconnection power

Precon = Pshear =~ 1.408% 105 erg S

e energy budget is sufficient for the observe eV emission. For L (29 ergs™ -, the require
Th budget is sufficient for the ob: d GeV emission. For L, ~ 1.02 x 103° L th ired
conversion efficiency is nreq >~ 7.3%.

Thus the reconnection-powered particle population has sufficient energy to account for the observed luminosity.

@ Inverse-Compton emission provides the main GeV connection.

Relativistic electrons scattering the nova optical photon field produce IC photons in the Fermi-LAT band, extending
to ~ 20 GeV.

The model therefore naturally connects magnetic reconnection to the observed GeV emission.

® Hadronic interactions provide a possible higher-energy extension.
Protons accelerated in the reconnection region can undergo

pp — 70 = v,

with the current model producing characteristic photons in the TeV regime.
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Thank you
Questions and comments are welcome.

tsmadzime@gmail.com
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