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& 106 particelle di ¢ DM, scatola di 43 Mpc di lato

Andrey Kravtsov, cosmicweb.uchicago.edu




Progetto Aquarius della collaborazione VIRGO:
1.5 10° particelle di CDM, un solo alone galattico

z = 48.4 T = 0.05Gyr

VIRGO coll., Aquarius project, www.mpa-garching.mpg.de/aquarius/



2dF: 2.2 105 galassie

SDSS: 106 galaxies,
& miliardi
di anni luce

Millennium:
1010 particelle,
500 h'l Mpc

Springel, Frenk, White, Nature 440 (2006)




2dF: 2.2 105 galassie

SDSS: 106 galaxies,
2 miliardi
di

v
t

""".;'T.';‘-h‘..'.:'.'.'.‘ A .

:senza MO
| I I O I | |

[
A
—
: | 1|

~

A. Nusser, 0109016, MNRAS 331 (2002)

Millennium:
1010 particelle,
500 h'l Mpc
Springel, Frenk, White, Nature 440 (2006)




2dF: 2.2 105 galassie

SDSS: 106 galaxies,
& miliardi
di anni luce

Millennium:
1010 particelle,
500 h'l Mpc

Springel, Frenk, White, Nature 440 (2006)










Urbain Le Verrier




Urbain Le Verrier

'QO

&




Urbain Le Verrier

'QO

&




Urbain Le Verrier

'QO

&




Urbain Le Verrier Urbain Le Verrier

O
O Q\‘
Q@Q Qc)é
Q %)

‘ ’i o




Urbain Le Verrier Urbain Le Verrier

'QO

&




Urbain Le Verrier Erba,in Le Verrig

'QO

&




Urbain Le Verrier Erba,in Le Verrig

'QO

&




Urbain Le Verrier Urbain Le Verrier Mordehai Milgrom

'QO

&




Urbain Le Verrier Urbain Le Verrier Mordehai Milgrom

0@’00 b F=ma — F=ma-pa)

. e ee 1 .a> ag
VA a/ag a~ ag
\ : ap =1.2-10""m/s”




Urbain Le Verrier ‘Urbain Le Verrier Mordehai Milgrom

0 b
0 10 20 30 40 50 60




Urbain Le Verrier ‘Urbain Le Verrier Mordehai Milgrom

0 b
0 10 20 30 40 50 60




s Nawin i

How would the power spectra be in MOND/ TéVeS, without DM ?

O

=

3 2

~ T
g,

[

[a¥} =

~ £

&) —~

—~ =

-~

¥ o

[\)
(=]
o
(@]

k (h Mpc-t)

(in particular: no DM =>no &rd peak!) (here you can make it)







2dF: 2.2 105 galassie

SDSS: 106 galaxies,
& miliardi
di anni luce

Millennium:
1010 particelle,
500 h'l Mpc

Springel, Frenk, White, Nature 440 (2006)




2dF: 2.2 105 galassie

SDSS: 106 galaxies,
& miliardi
di anni luce

Millennium:
1010 particelle,
500 h'l Mpc

Springel, Frenk, White, Nature 440 (2006)




2dF: 2.2 105 galassie

SDSS: 106 galaxies,
& miliardi
di anni luce

particelle
‘pesanti’

S —

Millennium:
1010 particelle,
500 h'! Mpc




1) curve di rotazione
galattiche

2) ammassi di galassie - .~

3) ‘cosmologia,
di precisione’




Cosa sappiamo
delle sue

proprieta®




particelle
‘pesanti’

R

presenti dall’origine
dell’Universo: ‘stabili’

I e e

che la materia

. . ordinaria,!
nessuna interazione

(o molto debole)

e e




‘pesanti’

lintera,zioni l

e ———— S ——




‘pesanti’

interazioni

e

electron

LEPTONS

electron

. o
Electric charge - 1
Responsible for electricity
and chemical reactions

muon
A heavier O
relative

of the electron.

tau

Heavier O
still.

from Time

electron neutrino

Electric charge 0.
rarely interacts
with other matter.

muon neutrino

Created with
muons when some
particles decay.

tau neutrino

recently
observed

PROTON QUARK

neutron

up down
. ©
Electric charge + 2/3 Electric charge - 1/3 .
Protons have 2 up quarks...| Protons have 1 down quark
Neutrons have 1 up quark. | Neutrons have 2 down quarks
charm
A heavier O A heavier O
relative relative

of the up. of the down.

strange

top bottom

Heavier O
still.

recently
observed




‘pesanti’

neuilre

.l—‘_‘_;ﬁ

interazioni

e

'Hggs bosoh

electron

LEPTONS

electron

o

Electric charge - 1

Responsible for electricity

and chemical reactions
muon
A heavier O
relative

of the electron.

tau

Heavier O
still.

electron neutrino

Electric charge 0.
rarely interacts
with other matter.

muon neutrino

Created with
muons when some
particles decay.

tau neutrino

recently
observed

PRQTON QUARK
neutron 4

up down
o ©
Electric charge + 2/3 Electric charge - 1/3 .
Protons have 2 up quarks...| Protons have 1 down quark
Neutrons have 1 up quark. | Neutrons have 2 down quarks
charm strange
A heavier O A heavier O
relative relative
of the up. of the down.

top bottom

recently Heavier O
observed still.




‘pesanti’

neuulre

.l—‘_‘_;ﬁ

interazioni

e

'Hggs bosoh

electron

LEPTONS

electron

o

Electric charge - 1

Responsible for electricity

and chemical reactions
muon
A heavier O
relative

of the electron.

tau

Heavier O
still.

electron neutrino

Electric charge 0.
rarely interacts
with other matter.

muon neutrino

Created with
muons when some
particles decay.

tau neutrino

recently
observed

PRQTON QUARK
neutron 4

up down
o ©
Electric charge + 2/3 Electric charge - 1/3 .
Protons have 2 up quarks...| Protons have 1 down quark
Neutrons have 1 up quark. | Neutrons have 2 down quarks
charm strange
A heavier O A heavier O
relative relative
of the up. of the down.

top bottom

recently Heavier O
observed still.




STANDARD MODEL

MATTER

‘pesanti’ g

electron neutrino

Electric charge 0.
rarely interacts
with other matter.

muon neutrino

interazioni ST

muons when some
particles decay.

e __
tau neutrino

recently
observed

WHggs bosoh




STANDARD MODEL

MATTER

‘pesanti’ g

electron neutrino

Electric charge 0.
rarely interacts
with other matter.

muon neutrino

interazioni ST

muons when some
particles decay.

e __
tau neutrino

recently
observed

WHggs bosoh




STANDARD MODEL

particelle
‘pesanti’

MATTER

electron neutrino

o
Electric charge 0.
rarely interacts
with other matter.

muon neutrino

interazioni e

muons when some
particles decay.

_ R
tau neutrino

recently
observed




STANDARD MODEL

particelle
‘pesanti’
| ‘Stablll, I electron neutrino

Electric charge 0.
rarely interacts
with other matter.

MATTER

muon neutrino

interazioni ST

muons when some
particles decay.

e R
tau neutrino

recently
observed




no HDM some HDM

N i e > - m, =6.9 eV

ACDM - Gadgetl - 768 Mpc?3

T.Haugboelle, S.Hannestad, Aarhus University
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SM . 1 MXX

‘Problem’ is: DM flies away
Signature is: missing/energy

transverse

Before collision: P = 0

E (NB: Ptot -£ o in general)
p 5
After collision: Py =0

If #, then ‘MET"

Y At Lmi=maeo il

4

Background: neutrinos (e.8. W—ev)

- model your background and look for anomalies
- construct kinematic variables sensitive to x mass
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