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Motivation:

In April 2016 the H.E.S.S.
Collaboration reported the
detection of a high energy
diffuse gamma-ray flux in the
Galactic Center from some
GeV up to tens of TeV
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Motivation:

Open questions:
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Motivation:

Open questions:
How many sources are sufficient for the observation!?
How much energy is necessary!?

What is the impact of the ambient conditions!?

3 4

Mehmet.Guenduez@RUB.de



mailto:mehmet.Guenduez@rub.de

Problem:

Larger discrepancies at:
|. higher longitudes
2. lower energies
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Problem:

Larger discrepancies at:

.
2.

higher longitudes
lower energies

dominant horizontal magnetic field
additional sources?
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A novel model of the magnetic field configuration
and strength in the Galactic Center
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Problem:

Larger discrepancies at:

| higher longitudes . »+  dominant horizontal magnetic field

2. lower energies additional sources?

Move away from semi-analytical approximation

v

A novel model of the magnetic field configuration
and strength in the Galactic Center
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Accurate modeling of the gas distribution

4 ¢

Mehmet.Guenduez@RUB.de RUB



mailto:mehmet.Guenduez@rub.de

Gas distribution
An accurate 3D distribution has not been modeled yet!
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Gas distribution
An accurate 3D distribution has not been modeled yet!

New model
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Gas distribution

An accurate 3D distribution has not been modeled yet!
Can be split into 3 components:

New mode| m=l» |. diffuse medium
2. 10 pc around SgrA*
3. molecular clouds
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Gas distribution

An accurate 3D distribution has not been modeled yet!
Can be split into 3 components:

New mode| ===l» | diffuse medium [Ferricre et al A&A, 467,611-627,2007]
2. 10 pc around SgrA¥ [Ferritre A%A540,A50,2012]
3. molecular clouds
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Magnetic Field in the GC

Status of research:

B, shifted —45 degrees
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Magnetic Field in the GC

Status of research:

B._ shifted —45 degrees
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[Unger & Farrar, EPJWC, 210, 4005, 201 9] [Jaffe et al., MNRAS, 431, 683,201 3]

lack in the Galactic Center
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Magnetic Field in the GC- GBFDI9

Variation range between ~le-5 G and ~5e-3G
Large-scale magnetic field in the GC initially poloidal
Then, inside molecular clouds were sheared out horizontally
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Magnetic Field in the GC- GBFDI9

Variation range between ~le-5 G and ~5e-3G
Large-scale magnetic field in the GC initially poloidal
Then, inside molecular clouds were sheared out horizontally

Has not been modeled yet!
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Magnetic Field in the GC- GBFDI9

Variation range between ~le-5 G and ~5e-3G
Large-scale magnetic field in the GC initially poloidal
Then, inside molecular clouds were sheared out horizontally

Has not been modeled yet!

{

Can be split into 2 components:

. Poloidal:
Intercloud medium (ICM) =» large scale field
Non-thermal filaments (NTFs) =p» local field

2. Horizontal:
Dense molecular clouds (MCs) =» local field
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Poloidal field

From Ferriere et al. (2014) we consider Model C (FT14-C)}
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Poloidal field

From Ferriere et al. (2014) we consider Model C (FT14-C)}

# analytical and divergence-free
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Poloidal field

From Ferriere et al. (2014) we consider Model C (FT14-C)}

# analytical and divergence-free

B 2a z -
r (14a z?) s 1
BC — qu — O . B]_ . € /L (14-a z2)
1
Bz (14a z2)?
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Poloidal field

From Ferriere et al. (2014) we consider Model C (FT14-C)}

# analytical and divergence-free

B 2a z -
r (14a z?) s 1
BC — qu — O . B]_ . € /L (14-a z2)
1
Bz (14a z2)?

a = opening of field lines away from the z-axis
L = exponential scale length

B, =» normalization factor
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Poloidal field

From Ferriere et al. (2014) we consider Model C (FT14-C)}

# analytical and divergence-free

B 2a z -
r (14a z?) T i
BC — qu — O . B]_ . € /L (14-a z2)
1
Bz (14a 22)2

a = opening of field lines away from the z-axis

}-P geometry

L = exponential scale length
B, =» normalization factor }=» observation
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Horizontal field

Starting with Euler’s potentials:

B=VaxV[
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Horizontal field

Starting with Euler’s potentials:

B =Va x 65 # analytical and divergence-free
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Horizontal field

Starting with Euler’s potentials:

B =Va x 65 # analytical and divergence-free
Consider the zonal plane =#» B, =0 =» =1
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Horizontal field

Starting with Euler’s potentials:

B =Va x 65 # analytical and divergence-free
Consider the zonal plane =» B, =0 =» [S=1

1 0 1 Qo OY
I o DO G D D O 4y
B=1Bs|=1-gr) = | —50arle
0 0 0
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Horizontal field

Starting with Euler’s potentials:

B =Va x 65 # analytical and divergence-free
Consider the zonal plane =» B, =0 =» [S=1

1 0 1 Qo OY
I o DO G D D O 4y
B=1Bs|=1-gr) = | —50arle
0 0 0

1
B, /By| = — - dr/dol|y , = n depends on the MC characteristics
r
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Horizontal field

Starting with Euler’s potentials:

B =Va x 65 # analytical and divergence-free

Consider the zonal plane =#» B, =0 =» =1
1 O OY

B"“ 7“8 T@@Daqﬁr
> _ éb _ Oo O

# B=|5g|=|-ga]= awa%qﬁ
0 0 0

dr/do|y, , = 77 depends on the MC characteristics

—} ) = g b0 ' 1n(r/p) P da/0Y = p- B, (¢)
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Horizontal field

Starting with Euler’s potentials:

B =Va x 65 # analytical and divergence-free
Consider the zonal plane =» B, =0 =» [S=1

10 1 Ha OY
s (o (T (g
#B: Bo | = | —grr| = 90 ar |6
0 0 0
1
B, /By| = — - dr/dol|y , = n depends on the MC characteristics
r

# V= ¢ *x 77_1 1Il(7"/,0) # 5’04/5’¢ZP°BT(¢)

we define: B,.(y) = By - cos(v¥) - h(z)
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Horizontal field

Starting with Euler’s potentials:

B =Va x 65 q analytical and divergence-free
Consider the zonal plane =» B, =0 =» [S=1

1.0 1 Qo O
s (o (e (g
0 0 0
1
= — - dr/do|y,, = 77 depends on the MC characteristics

#w @

we define: B,.(1)

# net magnetic flux=0

-t In(r/p) # Oa /0y = p- By ()
= Bi - cos(v) - h(z)

—

h(z) is arbitrary
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Horizontal field

Starting with Euler’s potentials:

B =Va x 65 q analytical and divergence-free
Consider the zonal plane =» B, =0 =» [S=1

1 0 1 O OY
AN A A
B¢ - —or & - 8”?; or 1@
0 0 0

dr/dgb h.p = 77 depends on the MC characteristics

# Y = gb——n_l In (r/p) # Oa /Oy = p - Br(¢)

we define: B,.(y) = By - cos(v¥) - h(z)

# net magnetic flux=0 12#

Biot = B + Z B, + Z Bue,;
1=1

9 4 Mehmet. Guenduez@RUB de TEEEET ..

TTTTTTTT

h(z) is arbitrary

 RUB



mailto:mehmet.Guenduez@rub.de

Magnetic Field in the GC - GBFDI9

Magnetic field strength in p
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Magnetic Field in the GC - GBFDI9

Magnetic field strength in pG
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netic Field in the GC - GBFDI9

Magnetic field strength in pG
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Magnetic Field in the GC - GBFDI9
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Impact on CR propagation

4 [Jansson & Farrar, AP}, 757, 14,2012]
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Impact on CR propagation
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Summary and conclusion

A centrally located source is not easily sufficient for the observed
gamma-ray emission
GBDF 1 9:
could explain the diffuse gamma-ray emission caused by a single
centralized source
is strong in non-thermal filaments and molecular clouds
is compatible with polarization data and corresponds to the
observations
has a significant impact on the longitudinal profiles of CR
propagation
can be combined with any other Galactic B-field models
The 3D gas distribution and GBDF 9 make a more accurate calculation
accessible for the GC investigators
For detailed modeling: M.Guenduez et al. 2019 Submitted to A&A,
arXiv:1906.0521 |
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Backup slides

Proton as primary cosmic-rays injected from SgrA* at the origin
spherically symmetric description

diffusion dominated scenario is favored

spatial and energy dependent source

energy dependent continuous loss
For the first time:

we include a spatially dependent term in the hadronic pion

production interaction term X T —2

2 0 0? s,
_DO/Y ;a_n( 77) o DO ’yyﬁn(n ’7) - a @ o 77/(7", /7) — Q(T7 /Y)
Solution:

_ HT—T Yo — 7 7M+2V D v v
. “// ol Hlo —21 % -exp | — —— (7 =) )
\/471' Dyg - by - 7“2 [ =5 4v - by " Te

- _log(\/7) v-bgy -1 . _log(\/%)Q ’
p( Do - (v = 5) ) p(
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Backup slides
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Backup slides
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Backup slides
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