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Our dark matter pearl model: Nuclei and electrons
compressed inside a domaine wall
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of the point at which the 3.5 keV X-ray is measured from the
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the per volume emitted 3.5 keV X-ray divided by the quantity
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Our Thesis

efrectively Dark Matter Only deviate
from Ordinary Matter by being
Screened by Electrons to a

Much Smaller Effective Size, but of

course we believe that it is due to our old model of pearls of a new
vacuum. It is surrounded by a domain wall, but that we
approximate to be non-interacting.
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Figure 1: Left

mixing angle of decaying sterile neutrino that would give the measured fluxes for Persens in the angular intervals
ntal error bars. Vertical bars correspond to errors in fluxes
xeited dark matter models. P

Right: similar to left, but showing the cross
.
decnys of the excited state.

s data alone wonld favor the decaying DM scenario, or possibly XDM with slow
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In the right hand picture the abcissa is the radius, i.e. the distance
of the point at which the 3.5 keV X-ray is measured from the
Perseus Galaxy Cluster center; and the ordinate is proportional to
the per volume emitted 3.5 keV X-ray divided by the quantity
D%Mv as estimated from gravitational effects of the dark matter.
The left picture is analogous for a model where the dark matter
just decays, i.e. division only by Dpy in stead of D%Mv.
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. obs.points PCO MwWC TSNR CF
2. | Asifx D3, Ng 27to 0.084 to - 0.032+
5.3 0.93 0.006
10~ % cm? 10~ % cm? 10 cm?
(10GeV)? (10GeV)? (10GeV)?
3. At earth | 5%107° 81073 2.2%107° -
ph/cm?/s ph/cm?/s ph/cm/s
4. distance d 2.4 %108y 2.7+ 10%y 1.3%10%ly -
5. emission 4 d? x| 3.5x10% 6.6+ 10* 4.2%10% -
ph/s ph/s ph/s
6. mass 8 108 M, 1010M, 10Mg -
7. DM density Dpm 76%1073 | 1GeV/cm3 | 0.3GeV/cm® -
GeV/cm®
8. | th.*X-ray gas d. Ps 4.6 %1071 - 3.8 %1071 -
GeV /cm? GeV /cm?
9. area A 2.8 10%9cm? - 1.4 % 10%%cm? -
10. | A*th.*X-ray g. d. A% pg 1.0 * 101 M, - 4.2 %103M,, -
11. number d. n 21072 cm™3 1cm™3 1cm™3 -
or 1073cm=3
12. th. o rate ApgnDpp 1.6 % 107 - 1.3%103 -
GeVxM GeVxMe
cmb cmb
12a th.  rate mass * nDpy 1.2 %1010 - 3
using mass Ge):/n’f’é\/’ > LCV;MQ
4rlxd?/ D)
13. const. ? S Louin 2.2%10% - 3% 10% -
phem® _ phem® _
GeVMgy s GeVMy s
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1. obs.points PCO MWC TSNR CF
2. As if o< D3, X 2.7 to 0.084 to - 0.032+
53 0.93 0.006
10=%cm? 10=%cm? 10—%"cm?
(10GeV)? (10GeV)? (10GeV)?
9. area A 2.8 % 10cm? - 1.4 +10%9cm? -
10. | A*th.*X-ray g. d. Ax pg 1.0 x 10" M, - 4.2%x103M,, -
11. number d. n 2%1072 cm=3 1icm™3 1cm™3 -
or 107 3cm™3
12. th. o rate ApgnDpy 1.6 % 10° - 1.3%103 -
GeVxMg GeVxMg
cmb cmb
12a th. o rate mass * nDppy 1.2 %1010 - 3
- GeVxMg GeVxMg
using mass o -
13. const. ? Tl 22%10% - 3% 10% -
phcm® B phcm® B
GeVMg s GeVMp s
13a const ? e 1.1 10% - 1.4%10% -
using mass s - s -
14. # SNe #SNe 8« 1012SNe | 900SNe 1SN -
15. rate-prod. #SN % Dppy * n 3% 10° 0.3 -
SNeGeV SNeGeV SNeGeV
cmb cmb cmb
16. const. ? ps/p1s 5% 1072 73%10%9 | 1.4x10% -
phxcm® phxcm® phxcm®
SNeGeV SNeGeV SNeGeV
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Cline Frey work

When we compare with the Frey and Cline table we see that fit is
not so perfect, but now we must remember that that there is a
correction because the density of dark matter probably is
fluctuating a round the average value used by Cline and Frey. Such
fluctuation will make the experimental Cline Fye number be bigger
than if one had had a quite smooth distribution.

H.B. Nielsen!?, Niels Bohr Institut, and Colin D. Froggatt, Glasgow University
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Table of Cline and Frey

(1) {2y (3) v mixing (4) fast decay {5) intermediate | (6) slow decay (7) v disp.

Reference abject | sin® 26, T2 x 100y [lauhe

(21071 or 2x 107y (1072 an’s™Y)
Bulbul et al dusters| 63 1200 = 600
Bulbul et al Perscus 60) (1400 — 400) (4000 — 15000)
Boyarsky of al Perscus, —100) 1-2) % 10° (1-5) x 10°
Usban et al, Porseus| (20— 100) (2600 — 4100) (1-2) % 10°
Bulbul et al [[] | CCO* | (18 —28) (1200 — 2000) (5100 — 8100)
Boyarsky et al M3l | (z-2) { Hn=a0) New 0 - 070) 116
(30 — 50). Burkert
Boyarsky ¢t a MW | (10 -30) {‘:'“ 0.7), NFW | e {o ] a0 s000) 118
Burkert )
Ricmer-Sorensa MW |<(6-20) |< {‘” =113, BEW < (200 — 2000) 18
(80— 1200), Burkert
Anderson et al. [§] |galasies|< (2 - 5) < (270 - 620) < (170 — 420) 100
Malyshev et al. [§] | dwarfs [< (3— 5) (0.2 0.3) < (0.1-0.2) 10
Bulbul etal [[] | Virgo < (380 —G7) < (25-4.1) = 07| 633
Urban et ol [i] Coma |< (15— < (130 = 200) < (510 — 850) [

“Cloma+Centaurn

Iphiuchus clusters

Table I: Column 3: best-6it. values or upper limits on the sterile neutrino mixing angle, sin® 26, assuming v — v for the 5,55
ke line, Colum 4: wrresponding villues of the cruss section for excited dark matter models with xx
for the case of prompt decay of y'. For fast ¢ vs of XDM in the Milky Way, fits ar
Column 5: for the case of excited state lifetimes 7 ~ 2% 10% or 2% 107y the MW cress sections change relative to NFW
re unafected. Column i same as column 4 but for slow decays (lfetime of order
rage velocity dispersion. Values for Coma, Cents and for

values in column 4 as shown, while
the dynamical ti
Ophiuchus fron
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The factor B correcting for this effect is called the boost factor. In
the article[?],which is though mainly interested in the old times of
red shifts larger than z=10, we find in their figure 3, ours ?? that
in the present days with low z the boost factor B(z = today) is up
about 2000. This shall presuably be taken as the effect of
enhancement of a density squarecompared to just the quare of the
the average density, with this average being the average over the
whole world. However Cline and Frey use estimates of the average
for much smaller regions. Thus the boost correction needed to
correct the Cline Frey numers should only need the contribution
from the high wave number k. This means that the 2000 is really
only an upper bound estimate. If we took this boost factor
B=2000 seriously, we should correct our from the stopping length
being 1400 m (the DAMA depth) to get the bound

“Cline-Frey quantity” < 2000 2.5%107%2cm3/s (1)
= 5000 % 10> cm?

H.B. Nielsen'#, Niels Bohr Institut, and Colin D. Froggatt, Glasgow University
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We can attempt to correct a bit for the over-estimating by taking
away the contribution from the very lowest wave numbers k.

x low res.

18T : p
z=10 1Mpc, Okpy 1kpc Ikpc (wio dampmg) o]

10°F amEee -:--°..l......-—§
10'F E
100k inear theoty i _:
107 e : . : e O
T ELT) T T T T ""' 7
1—Z=17 e v ni‘iuo-._.-: E
10°F 4 high res. "
wIE
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In the article [?] we find estimate of the boost factor as a function
of the mass of the host object for various parameters and models.
Looking at the figure 3 in this paper, we might say that for galaxy
cluster size objects this boost factor is about 10 while for only a
single galazy it is more 6. We should trust these numbers more
since they are for red shift z = 0 and objects for which one has any
chanse to see the 3.5 keV line are rather close by objects with
small red shifts.
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Figure 3. Boost factor as a function of halo virial mass, The data used in six thick curves are |
from [shivama [45]. Two subhalo mass functions, dn/dm = A/ My (m/ My, ) “ are used (A = |
¢ =20,and A = 0,030, § = 1.9 [4£,48]}. Thick dotted curves are for the NFW profile, wher
empirical concentration-mass relation of field halos [44] are assumed for the full hierarchy of subl
Including the effect of steeper cusp of halos near the free streaming scale gives thick dashed ct
Besides, thick solid curves are results of incorporating the concentration of these halos derived
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