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The Standard Model of Particle Physics

No gravity Why vacuum energy just (not) zero?
Why weak scale << Planck scale?

Does not include neutrino mass Why no strong CP violation?

Does not include dark matter Almost grand unification?

Why Higgs vacuum just metastable?
Cosmic inflation (origin of Universe)

Baryon asymmetry (origin of matter)
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The Standard Model of Particle Physics and Astrophysics

No gravity Why vacuum energy just (not) zero?

. e et Why weak scale << Planck icale‘? @ Observed first in astrophysics
OES IO INE HEE NEUHHINO Tass Why no strong CP V1c?1at10n. @ Observed only 1n astrophysics

Does not include dark matter Almost grand unification?

Constrained by astrophysics
Why Higgs vacuum just metastable? @ Constrained by astrophysic

Cosmic inflation (origin of Universe)
Baryon asymmetry (origin of matter)
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...a good friendly “scrap” is an excellent thing...

sort of clears out the atmosphere.
To shake hands at the beginning and conclusion,
but use our shillelaghs in the interim to the best of

our ability.
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Shillelagh

...a good friendly “scrap” is an excellent thing...

sort of clears out the atmosphere.
To shake hands at the beginning and conclusion,
but use our shillelaghs in the interim to the best of
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Dark halos of M 31 and the Milky Way

Yoshiaki SoFUE*

Disk RC (CO) Loinard, Allen, and Lequeux (1995)
Ibid (combi: H1, CO, opt) Sofue et al. (1981, 1999)

Ibid (H1) Carignan et al. (2006)

Ibid (H1, CO) Chemin, Carignan, and Foster (2009)
Ibid (H1) Corbelli et al. (2010)

Galaxies around M 31 Metz, Kroupa, and Jerjen (2007)

Ibid van der Marel and Guhathakurta (2008)
Ibid Tollerud et al. (2012)

Globular clusters Veljanovski et al. (2014)
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Stellar mass map and dark matter distribution in M 31

A. Tamm!, E. Tempel"-2, P. Tenjes'-3, O. Tihhonova!-3, and T. Tuvikene'
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Where does 1t end?
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Where does 1t end?

10" M,

Cosmic neighbors: P, ~03p. ~ .
(3 Mpc)
MW-M31 distance ~ 770 kpc




Where does 1t end?

Cosmic expansion:

Freedman & Madore, Ann. Rev. A&A, vol. 48, p.673-710

I I I I | I I I I | I I I I | I I I [, | | I
3 [— / _
: 79 7>
— @ I-band Tully-Fisher 65
- A Fundamental plane ' W ~
— — @& Surface brightness ~'m -
I= - = Supernovae la e - -
X O Supernovae I1 oS .
< < e W
< B t“““ N
o ‘
— . |
®
N i : . ~
> . B
lt “‘
@) B A N
o m
m B : “ “ o
> l .A“ :
B I ‘. -
A
l
O l l L. ] | l l l l | l l l l | l l l l | l l
100 200 300 400



Where does 1t end?

Cosmic expansion:

Freedman & Madore, Ann. Rev. A&A, vol. 48, p.673-710
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Stellar mass map and dark matter distribution in M 31
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Table 1. Synthetic stellar populations used for SED fitting.

Name Age [Fe/H] A%" AZ—‘,O‘ ML;,OI Fract.
(Gyr] = 2] 1]

(1) (2) (3) (4) () (6) (7)
B07-1 0.7 0.40 0.76 0.78 0.72 0.014
B07-3 0.4-1 0.05 0.47 0.50 0.56 0.003
B07-4 7-12 0.03 5.05 3.87 3.12 0.983
' | | | | | | | | MO05-1 1 0.00 1.11 1.00 0.85 0.008
MO05-2 2 0.00 2.18 1.70 1.43  0.002
5 | = MO05-3 4 0.00 3.99 3.03 2.56 0.214
. MO05-4 12 0.00 11.6 8.08 6.47 0.767
é_ 0L 1 MO05-5 12 —0.33 9.00 6.60 5.37 0.009
Ny GALEV-1 1,10 0.04 2.88 3.14 2.92  0.004
<° GALEV-2 2,11 0.07 4.35 4.13 3.65 0.011
DT Q i GALEV-3 4,13 0.09 7.58 6.20 523 0.089
| | : : 1 | 1 1 1 GALEV-4 12 0.12 4.63 4.55 405 0.015
20 15 10 5 0 5 10 15 20 GALEV-5 12 0.18 10.9 8.33 6.86 0.881

X [kpc]

Notes. The columns contain the following: (1) stellar population model;
for BO7 models the number is as 1n the original paper; (2) approximate
age of the dominant star-formation epoch(s); (3) average metallicity of
the stars; (4)—(6) mass-to-light ratio in the gri filters; (7) total stellar
mass fraction in M 31 of the corresponding stellar population.

Fig. 2. Stellar mass-density map of M 31. The ellipses enclose 50%,
715%, 90%, and 95% of the total mass, respectively.
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S GALEV-1 1,10 004 288 3.14 292 0.004
<° GALEV-2 2,11 007 435 413 3.65 0.011
o N GALEV-3 4,13 009 758 620 523 0.089
1 | l 1 1 | 1 | 1 GALEV-4 12 0.12 463 455 405 0015
GALEV-5 12 0.18 109 833 6.86 0.881

20 -15  -10 -5 0 5 10 15 20
X[kpc]
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Fig. 2. Stellar mass-density map of M 31. The ellipses enclose 50%,
715%, 90%, and 95% of the total mass, respectively.
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Fig.7. Observed rotation curve together with the maximum-stellar

model, in which the stellar masses are 1.5 times higher than in the
B07 model.
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Map d = 1 Mpc (today) into Az near z ~ 0:
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Fornax dwarf spheroidal, satellite galaxy of the Milky Way




What 1s observed:
1. Line-of-sight velocities
2. Column density of stars
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Where does 1t end?

Cosmic expansion:

t ( f[r] 0] 0] 0] \
- 0 -fl 0 0
xv=|_1; guv = rl 5
0 O -r? ©
@ L e o e -r2sin[e]?,

gluv = Inverse[guv];
dgdxtab = Table[{D[guv, xv[[i, 1111}, {1, 1, 4}];

1
r = Table|{Table|~ Sum(gluv[[i, u]]1 (dgdxtab[lk, 111 [k, J11 +dgdxtab[[, 111[ [k, k11 -dgdxtab[[u, 111013, KI1)s (45 1, 4315 {35 15 4}, (K, 15 43|}, (35 1, )]

Ruv = (Table[Sum[D[T[[e, 11][[u, v]1], xV[[a, 1111, {a, 1, 4}], {u, 1, 4}, {v, 1, 4}] -Table[Sum[D[T[[ea, 1]1][[m, @], xV[[v, 1]11, {a, 1, 4}], {u, 1, 4}, {v, 1, 4}]
+ Table[Sum[ (T [[e, 1]11[[A, a]]) (T[[A, 111[[x, vI1), {a@, 1, 4}, {2, 1, 4}], {u, 1, 4}, {v, 1, 4}] -Table[Sum[(T[[A, 1]][[u, @]]) (T[[a, 1]][[A, v1]),
{ay, 1, 4}, {A, 1, 4}], {u, 1, 4}, {v, 1, 4}]);
R=Sum[gIuv[[u, vI] ~Ruv[[u, v11, {u, 1, 4}, {v, 1, 4}];
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Where does 1t end?

Cosmic expansion:

HV o)

Solved by:

2 2
Hor

=1

r



https://simbad.cds.unistra.fr/simbad/sim-basic?Ident=m3 1 &submit=SIMBAD-+search

Where does 1t end?

Cosmic expansion:

d?xH dx® dx”
(t : [P] ) 5 I Fgﬁ

e R dp dp dp
Lo '[P]

Simplify[r''[p] + Sum[Simplify[Flatten[T[[2]], 2] [[p]]1[[vI]] ~xvPp[[u]] ~xvp[[vll, {#, 1, 4}, {v, 1, 4}]] ==

Simplify[e''[p] + Sum[Simplify[Flatten[T[[3]1], 1] [[p]]1[[vI]] ~xvP[[u]]~xvp[[vl]l, {#, 1, 4}, {v, 1, 4}]] ==

Simplify[¢''[p] + Sum[Simplify[Flatten[T[[4]], 1] [[p]]1[[vI]] ~xvP[[u]] ~xvp[[vll, {#, 1, 4}, {v, 1, 4}]] ==

Simplify[t''[p] + Sum[Simplify[Flatten[T[[1]], 1] [[p]]1[[vI]] ~xvPp[[u]] ~xvp[[vll, {#, 1, 4}, {v, 1, 4}]] ==
1-H*r®) r'[p]* (-1+H*r®) (2-r+H>r’®) t'[p]”°

( 2 3\ o112 : ; v
{ r (2-r+HE ) + = +(2-r+H r*) e’ [pl?+ (2-r+H* r’) Sin[e]? ¢ [p]® +r [p]}::@
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Where does 1t end?

Cosmic expansion:

Looking for a circular orbit solution: dp? b dp dp

0 = g = Const, r = R = Const

Leads to: The r equation becomes:

1 — HSR’) (2 — R+ HR’
d—(p=CQ=C0nst (2—R+H3R3)Q2 ( 0 )< 0 ) =0
dp R’
dt GM H2R3
E = = Const Restoring units: Q2 = 1 U

R> GM
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Where does 1t end?

Cosmic expansion:

Expansion modifies law of rotation around a point mass M:

GM (. HSR’
RS GM
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Figure 9. Logarithm of the column densities for the individual components of
various ions (low to high ions from top to bottom) as a function of the projected
distances from M31 of the background QSOs. Blue circles are detections, while
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