DESI

+ https:/ / www.youtube.com /watch?
time_continue=191&v=kPXx9tqyzYg
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Brief history of galaxy surveys history
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eBOSS 2009-2014
1.5 million luminous galaxies z~0.7
160K Ly-a gso’s 2.2<z<3
10K deg”?2

2dF Galaxy Redshift Survey

V220,000 galaxies.
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eBOSS 2014-2019
300,000 LRG, 0.6 <z<1.0
175 000 ElL¢5, 0.6 = 2= 1.1
500,000 gso’s, 0.8 <z <3.5




,;; FrTrfrrrrrru l UL l UL I LR L l’ o

“ :

8 104 3 ) :

= : w—— What is next?

3 . . - 9

?0: — —

L

w 1000 E =

o o E

) - .

— - -

> . -

E

E 100 E_ —5

ap - -

) C LCRS N

> I . ]

5

= 10 F Autofib/DURS y-

= - ' SARS .

£ | C i

=

U 1 Lo i L e L i1 l AL i i i i i 11 l | . . l L L i i L i i1 l L1l
1980 1990 2000 2010 2020

Year

DESI will create the largest 3D map of our Universe ~35million objects



GOALL : Solve de DE/DM puzzle

Primary: Understand / constrain dark energy in a wide range of redshfit.

Others: Dark Matter and Neutrino mass constraints, non-gaussianity, etc...



DESI

- Mayall 4.0m telescope Kitt
Peak (Tucson, Az)

- 14000 deg”2

- 5000 fibers

Started commissioning 2019.

- First Light on April 1st 2019 (Not a
fool)

- Start survey validation ( end 2019)

- Start Survey (Spring 2020)



DESI

5000 fibers.

10 spectrographs
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Each fiber points to
an object in sky.
Fibers change
position for next
observation.

DESI robotic positioner

6 points along y = x

y (mm)




DESI first hight: April 1st.
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Happy April’s tfools day!



DESI first ﬁght April 1st.

A () atv aperture photometry <@cori07> = () (») ()
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DESI First Light

DESI Commissioning Instrument "first light" image taken the night of April 1, 2019, of Messier 51, the
Whirlpool Galaxy.
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Object Class

Number of Spectra | Redshift Range

bright galaxies, r < 19.5

10 million

0<z<04

luminous red galaxies (LRGs)

4.2 million

04<z<1.0

emission line galaxies (ELGSs)

= T T

10 million

06<z<1.6




DESI Forecast
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DESI Forecast

Dark Energy
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DESI Forecast
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DESI Forecast

Neutrino mass and DM properties with Lyman alpha
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DESI-MEXICO

Spokesperson: Dr. Axel de la Macorra (IF-UNAM

Dr. Miguel Alcubierre (ICN-UNAM)
Dr. Jorge Cervantes (ININ)

Dr. Luis Urena (DCI, UGTO)

Dr. Axel de la Macorra (IF-UNAM)
Dr. Tonatiuh Matos (CINVESTAV)
Dr. Gustavo Niz (DCI, UGTO)

Dr. Octavio Valenzuela (IA-UNAM)
Dr. Mariana Vargas (IF-UNAM)

DESI-MX Sponsored participant
Dr. Alejandro Aviles (ININ)
Dr. Chandrachani Devi Ningombam

Dr. Alma X. Gonzalez Morales (DCI,UGTO.)

And ~10 Students



DESI-UGTO

Main topics research

3pt. Statistics with different
tracers

LCDM Vs alternatives

- Gustavo Niz
- Mariana Vargas

- Sebastien Fromenteau® Lyman Alpha

- Alejandro Aviles - Alma Gonzalez (DESI WG co-chair)
- Jorge Cervantes - Oleg Burguefio (Phd)

= Luis Urena - Rodrigo de la Cruz (MsC)

- Josue de Santiago® - Andrea Gutierrez (UNAM, Msc)

+ many students - Hiram Alcantar (MsC)

+others like Niz, Cervantes, etc..



3pt correlation functions to

distinguish from GR

White paper in process, authors
includes Niz, Gonzalez, Vargas,
Cervantes, Aviles..
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Other estimators are also
tested, as 2PCF...

F4, F5,F6, different
f(R) models

N1, N2, nDGP
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Liyman alpha forest.

h=4
n=3
h=2

+ DESI will observe ~2.5 million quasars with 0.5<z<3.5. electron

excited

4

h=1

+ Lyman alpha quasars are an important target hydrogen atom

energy levels

) O AE = 13.6 EV/n?
00 M%%Q

\

Flux

A—>
The set of absorption Lines by the intergalactic medium (mostly

Hjcirc:-g@\) from the Light (Lja) emitted in a quasar,



Liya QSO0 spectra

Intensity
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Liya Observable




Liyman alpha forest as tracer

A bit of theory: transmitted flux fraction

= = exp [—A(l + 5)2_O°7(V_1)]
Temyera&ure—-dems&j siope: c(epev\ds on
]/ = 1 the IGM, reionization kis&orv
A Redshift dependence
5 — ,0/ p_ = 1 DM over/under c\.emsi?:j

op = F/ E_ | Elux over/under dems&%v



Liyman alpha forest as tracer

~lux PS broa\di{j have the same shape as maklter 7S

Corrections arise mostly from Flux PS follows a Linear model
peculiar velocities c:»f f?;edshbf& space distortions,
P (k,u) = b*P,(k)(1 2 : '
p(K, 1) = LK+ pup) b: forest bias

//l . angle cosine k and
Line of sight

As with moatter, what can be directly obtained from observations is
the correlation function

SH(r, 1) = <5F(X)5F(X s I’)>



Two independent ways of measuring the BAO scale

Liya Observable

Compute transmission fluctuations
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Compute correlation function ﬁ(’f’) N
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Liya Observable

6000 | QS0’s
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Lyman alpha Mocks

Currently developing realistic
mocks ko understand the
observables, study systematic
errors, and test the end-to-
end analysis pipeline, from
the spe&&ra to the
cosmological parameters.

Realistic: DESI footprint, instrument,
effect of dust,
etfect of cosmology, etc etc...
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Exampt&:

Improve continuum model (with Rodrigo de la
Cruz, DCI-UGTO)

—e— London_V4.0.0/quick-0.0
1.6 - —e— SIMQSO_mod1
—e— data
—e— SIMQSO_mod2
1.4 -
|x
=
*- 1.2 -
1.0 -
0.8 -

1040 1060 1080 1100 1120 1140 1160 1180 1200
Ar.r. [A]



Examyte:

Add metal Lines
(Andrea Mulhoz, IF-

UNAM)

r’k(r)

r’é(n

00<u<05
}  Mock
} Data
il )
08<u<0.95
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} Data
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} Data

r2&(r)[Mpch=1]

100
r{Mpch=1]




Example: Study differences on observation
strateqgies

3dcf with 100,000 QSO - Error comparison

- quick-1.1
quick-1.0
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(Andrea Muhoz, IF-UNAM)



Add DLAs/BALs and test the effect on CF but
also on redshift determination (Pamping and
Broad Lj& Absorbers- Alma)

— tmp_gso _flux L
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Include nonlinear information in the mock
flux field (Oleq Burqueiro)

P ot choa o dermity fledd o ud Gurwrss duers. For row o Mlmtrmlc comelation
I I F——— function starting from: I)(k.[l) — b2[1 + .'ﬁli]zl’[‘(k)

Now we implement P(ky, k1) ‘
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we calculate the 2-point
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Oleg Burguefio, Alma Gonzalez, Andreu Font-Rivera



Lvmam o&t:.'ha and DM: a side
Pradu&%
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Can constrain DM models,
specially it they have some
feature ok small scales.
Lilke WDM, SFDM, etc...
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Conclusion

DESI will make the largest 3D map of the Universe, up to
z~3.5 providing strong constraints to the expansion rate.

Lyman alpha forest is one of the most promising tracers.
As a side results, it will provide constraints on DM and
Neutrino mass.

The contribution of University of Guanajuato is growing.
Lots of interesting projects to develop, motivated / hard
working students are welcome!
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10-14 June 2019
as part of MEXICOPAS
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