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¢ Fine structure constant?

Strength of coupling between
the electromagnetic field/vector bosons and matter.
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Results

Aa/a = (1.4 +2.3)x 107

Spatial variation

Hemisphere  # QSO spectra redshift Aa/a (x107)

North 8,069 0.56 = 0.21 2.6+ 2.6
South 2,294 0.59 + 0.20 -3.1+£4.9
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Future projects

e VLT/UVES —> High-resolution spectrograph
Aa/a <1076 R ~ 62,000 — 110,000
T z~0,6



250

150 -

£1007 ergem™2 57137

Aa/a

¥l 1.

200 -

150 -

5260 5280

A (A) (observed)

SDSS J021606.07-051722.7 |
2=0.056 |

N (10‘|7 erg em 2571 A1)

Afx

9000

10000
A (A) (observed)

4000

uture projects

18.27-053804.1
0.481
111] lines

A\ =L\~ J!‘_._
P\ =X

7400
A (A) (observed)

7420

SDSS J022918.27-053804.

240481 |
s i
a )
i [l
m 1
n 1
(AL} 1
m 1
(A1} 1
i | 1
11 1 |
LI L
[ 1
i 1
m 1
(N1} 1
H ||
n (Il
(a1} B
(N1} 1 ‘ |
. L — " L |
6000 7000 8000 9000 10000
A (A) (observed)

6 144 Q
I.(.g 2 4!
[Olll] lines
£" L~
Te |
Tl
TE 60
§ |
s
5
':? 40
<
20-
o===u _ -:s-._a__-‘-._-sﬁ_»_r_uzgf__ __E_J;\,Q
WS 80 80 8600 8620 i
A (A) (observed)
—If\ SDSS J014419.24 072557]
-:< 60 2=0.727
" ! |
b
£ 40"
<
=y
«
i~
)
p=
<
i
1
1
1
1
i
<
< 1
1
1
1
1
1
1
1
—— .
4000 5000 6000 7000 8000 9000 10000

A (A) (observed)

N a0 ergem 257 A7)

Afa

B ]

Franco D. Albareti
30th March 2015
IberiCOS

e VLT/UVES —> ngh resolution spectrograph

— 110,000 |

z=0.739
[OI11] lines

[EER
A /\/EH\Q,/‘ k.

L5\

8640 8660 Wﬂ 8700

A (A) (observed)

SDSS J024814.03-074633.. 2

A (A) (observed)



uture projects

Franco D. Albareti
30th March 2015
IberiCOS

e VLT/UVES —> ngh resolution spectrograph

L1107 ergem™2 571 A7Y)

N (10‘|7 erg em 2571 A1)

Afx

250

150 -

Aa / o < 10fGi

7340

A (A) (observed) A (A) (observed)

SDSS J021606.07-051722.7
2=0.056 |

.............

““““ 6000
A (A) (observed)

9000

6000
A (A) (observed)

7000 8000 10000 7000 8000 ')000

A
N

£,00 ergem™ 57 A7)

%,"57 g g - l'—"— B
360 7380 7400 7420 ;u e e

ey p——

60

4000

62,00

[O111] lines

8620

A (A) (observed)

SDSS J014419.24-072557. ]
2=0.727

(777 R e oy S

10000
A (A) (observed)

Proposal submitted...

— 11

L1007 ergem™2 57 A7)

N (10_I7 erg em2s71A7Y)

Afa

) OO)Ommm-oumn
2=0.739
[OI1] lines
-
20
10
4 £
A A 4 A
Oy~ ___§«' S fhenn sl .\
8600 8620 8640 . 8660 8680 mw‘ ‘KIZI)
A (A) (observed)
30"
25
-
15°
10
5
o Mgh
t l
4t |
|
|
1
1
]
|
L
|
]
1
1
1
!
]
- !
PP " -
4000 5000 6000 7000 8000 9000 10000
A (A) (observed)



Franco D. Albareti
30th March 2015
IberiCOS

Future projects

e VLT/UVES —> High-resolution spectrograph
Aa/a <1076 R ~ 62,000 — 110,000
T z~0.6

e APOGEE-N =>» Med-resolution spectrograph

R ~ 22,000

Aaja <1075 z~2.2
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Future projects
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APOGEE-2 Ancillary Science Proposal

Future projects
APOGEE-O Q

An Cl I Iary SC | ence APOGEE Quasar Survey

Type of request: 1
Proposal E .
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Exact formula for the determination of the
variation of the fine structure constant
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Introduction

¢ Fine structure constant?

Energy levels

S —

Relativity + Spin

SR —
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Introduction

a~ 1/137
How do we measure Its variation?

e Geological constraints Oklo phenomenon z=0.15
Meteorites z=0.45
e | ocal measurements ——> 10 years

Absorption z =0.6-4
Emission z =0.05-1.0
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e Astronomical tests -[



Introduction

a~ 1/137

How do we measure Its variation?

e Absorption lines from quasars

(Many-multiplet method )
e More precise
e Several assumptions
e Controversial
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Introduction

a s 1/137

How do we measure Its variation?

e Emission lines doublet from quasars
e Less precise
e Straight-forward
e No assumptions

Fine structure of the emission lines
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Introduction

As = 5008.240 A | e Forbidden lines

A\ = 4960.295 A

e Electric quadrupole
/Oz and magnetic dipole

/}E f ‘ \AM transitions

--------------- e Found in extremely
rarefied media
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Flux

Methodology

Continuum fit: seven-order polynomial
Ha HS, ny, H5 MgII

50:-

s
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Flux

Methodology

Continuum fit: seven-order polynomial
Ha, HB, Hvy, H, Mgll

50

40

4000 5000 6000 7000 8000 9000
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Flux (1077 erg - em™2 - 571)

Residuals
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Methodology
Continuum fit: seven-order polynomial
Ha, HB, Hvy, H, Mgll

z=0.679
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Methodology
Find the lines = SDSS Redshift

Three significant figures (error estimates 10~* — 107" )
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Methodology
Find the lines = SDSS Redshift

Three significant figures (error estimates 10~* — 107" )
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Flux
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*F "[OII] lines
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Methodology
Measurement method

*F "[OII] lines
~ 30 n
s oo = 47.945 A
i 2 OX, = (1 + 2)d A
hb 15

0 B o o - B - - . [ = = = 1 o o o [l o

4940 4960 4980 5000 5020

A (R)



Flux (10'17 erg - em 2.

Line positions

3500

2000

[
wn
=
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1000 -
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Methodology

[OIII] lines

5270

5280 5290 5300 5310

A (R)

[Ol11] lines

5320

5330

Real pixels (with errors)
Gaussian fits

Expected line position

Error for Aa/a ~ 107-3,-4



Franco D. Albareti
30th March 2015
IberiCOS

Methodology

Line positions

3500

Real pixels (with errors)

2000

Gaussian fits

Expected line position

Flux (10'17 erg - em 2.
(==
wn
=

1000 -

500

Error for Aa/a ~ 107-3,-4

5270 5280 5290 5300 5310 5320 5330
A (R)

[Ol11] lines



Flux (10'17 erg - em 2.

Methodology
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Line positions

3500

2000
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wn
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500

[OIII] lines
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5280 5290 5300 5310 5320
A (R)

[Ol11] lines
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Real pixels (with errors)
Gaussian fits

Expected line position

Error for Aa/a ~ 107-3,-4
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Methodology

Line positions

[OIII] lines [Nelll] lines
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Methodology
Line positions
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Criteria ~300,000

e Redshift z < 1 ~45,000
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Sample selection

Criteria ~300,000

e Redshift 7 < 1 ~45,000

e Noise S/N[OIII]SOOS > 10 ~13,000
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Sample selection
Criteria ~300,000
e Redshift 7 < 1 ~45,000
e Noise S/N[OIII]SOOS > 10 ~13,000
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Sample selection

Criteria ~300,000
e Redshift 7 < 1 ~45,000
e Noise S/N[OIII]SOOS > 10 ~13,000

L_ow redshift Y 0.6 0.8 10

Redshift
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Sample selection

Criteria ~300,000
e Redshift 7 < 1 ~45,000

e Noise S/N[OIII]SOOS > 10 ~13,000

1400
il INE NN I BN [

High redshift

Low redshift .4 0.6

Redshift
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Sample selection

Criteria ~300,000
e Redshift 7 < 1 ~45,000

e Noise S/N[OIII]SOOS > 10 ~13,000

S~ = mm -y

1400
il INE NN I BN -y

High redshift

--J

[SSSas . . . ., B . . . B . . . N

Low redshift 0

Redshift



Sample selection

Criteria

e Redshift z < 1
® NOise S/N[OIII]SOOS > 10

e Non-converging Gaussian fits
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~300,000
~45,000

~13,000
~12,000



Sample selection

Criteria

e Redshift z < 1
® NOise S/N[OIII]SOOS > 10
e Non-converging Gaussian fits

e Outlier points > 2.50
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~300,000
~45,000

~13,000
~12,000
~11,000



Sample selection

Criteria

e Redshift z < 1
® NOise S/N[OIII]SOOS > 10
e Non-converging Gaussian fits

e Outlier points > 2.50 (> 40)
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~300,000
~45,000

~13,000
~12,000
~11,000
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Sample selection

Criteria ~300,000

e Redshift z < 1 ~45,000
e Noise  S/Niomsoos > 10 ~13,000
e Non-converging Gaussian fits ~12,000

e Qutlier points > 2.50 (> 40)
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Sample selection

Criteria ~300,000

e Redshift z < 1 ~45,000

490
e Noise  S/Njomsos > 10 ~13,000
e Non-converging Gaussian fits ~12,000

e Qutlier points > 2.50 (> 40)
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Sample selection

Criteria ~300,000

e Redshift z < 1 ~45,000

490
e Noise  S/Njomsos > 10 ~13,000
e Non-converging Gaussian fits ~12,000

e Qutlier points > 2.50 (> 40)

Mild constraints
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Sample selection

Criteria ~300,000

e Redshift z < 1 ~45,000

490
e Noise  S/Njomsos > 10 ~13,000
e Non-converging Gaussian fits ~12,000

e Qutlier points > 2.50 (> 40)

Mild constraints

Aa/a = (1.4+23)x 107
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Systematics

e Misidentification of the lines
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Systematics

e Misidentification of the lines

4960/ 5008 — 1 (%) # QSO spectra  redshift Aa/a (x1077)
< 50% 10,028 0.56 +0.21 1.6 +£2.3
< 25% 8,877 0.56 +0.21 1.9+23
< 10% 5,846 0.56 +0.21 1.7+25
< 5% 3,458 0.54 £0.22 -0.9+£3.0
[A X Als008 / [A X Alaggp  # QSO spectra  redshift Aa/a (x107)
3.00 + 0.50 8,308 0.56 +£0.21 1.8 +24
3.00 + 0.25 5,752 0.55 +£0.21 -02+2.6
3.00 + 0.10 2,677 0.54 +£0.21 -04 +3.4

3.00 £ 0.05 1,411 0.52 £0.22 29+4.5
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Systematics

e Misidentification of the lines

04960/ 075008 — 1 (%) # QSO spectra  redshift Aa/a (x1075)

< 50% 10,028 0.56 +0.21 1.6 £2.3
< 25% 8,877 0.56 +0.21 1.9+23
< 10% 5,846 0.56 +0.21 1.7+2.5
< 5% 3,458 0.54 +0.22 -0.9+3.0

[A X As08 / [A X Augeo | # QSO spectra  redshift Aa/a (x107)
3.00 + 0.50 8,308 0.56 +0.21 1.8 +2.4
3.00 + 0.25 5,752 0.55 +0.21 0.2 +2.6
3.00 + 0.10 2,677 0.54 +0.21 0.4 +3.4

3.00 £ 0.05 1,411 0.52 +£0.22 29+4.5
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Systematics

e Misidentification of the lines

04960/ 075008 — 1 (%) # QSO spectra  redshift Aa/a (x1075)

< 50% 10,028 0.56 +0.21 1.6 £2.3
< 25% 8,877 0.56 +0.21 1.9+23
< 10% 5,846 0.56 +0.21 1.7+2.5
< 5% 3,458 0.54 +0.22 -0.9+3.0

[A X As08 / [A X Augeo | # QSO spectra  redshift Aa/a (x107)
3.00 + 0.50 8,308 0.56 +0.21 1.8 +2.4
3.00 + 0.25 5,752 0.55 +0.21 0.2 +2.6
3.00 + 0.10 2,677 0.54 +0.21 0.4 +3.4

3.00 £ 0.05 1,411 0.52 +£0.22 29+4.5
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Systematics

e Misidentification of the lines

04960/ 075008 — 1 (%) # QSO spectra  redshift Aa/a (x1075)

< 50% 10,028 0.56 +0.21 1.6 £2.3
< 25% 8,877 0.56 +0.21 1.9+23
< 10% 5,846 0.56 +0.21 1.7+2.5
< 5% 3,458 0.54 +0.22 -0.9+3.0

[A X As08 / [A X Augeo | # QSO spectra  redshift Aa/a (x107)
3.00 + 0.50 8,308 0.56 +0.21 1.8 +2.4
3.00 + 0.25 5,752 0.55 +0.21 0.2 +2.6
3.00 + 0.10 2,677 0.54 +0.21 0.4 +3.4

3.00 £ 0.05 1,411 0.52 +£0.22 29+4.5
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Systematics

e Misidentification of the lines

04960/ 075008 — 1 (%) # QSO spectra  redshift Aa/a (x1075)

< 50% 10,028 0.56 +0.21 1.6 £2.3
< 25% 8,877 0.56 +0.21 1.9+23 OK

< 10% 5,846 0.56 +0.21 1.7+2.5

< 5% 3,458 0.54 +0.22 -0.9+3.0

[A X As08 / [A X Augeo | # QSO spectra  redshift Aa/a (x107)

3.00 + 0.50 8,308 0.56 +0.21 1.8 +2.4
3.00 + 0.25 5,752 0.55 +0.21 0.2 +2.6 OK

3.00 + 0.10 2,677 0.54 +0.21 0.4 +3.4

3.00 £ 0.05 1,411 0.52 +£0.22 29+4.5
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Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits

3500 ¢ [OT11] lines
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Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits

3500 ¢ [OT11] lines
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e Interval for the Gaussian fits

Systematics

e Misidentification of the lines OK
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Fit width # QSO spectra  redshift Aa/a (x1077)
20 10, 363 0.56 £0.21 14 +£23
30 10,252 0.59 +0.20 55+2.5
4o 9,978 0.59 +0.20 7.1 +2.7
S0 9,727 0.59 +0.20 5.3 +2.6



e Interval for the Gaussian fits

200
30

4o
S50

Systematics

e Misidentification of the lines OK

# QSO spectra

10, 363
10,2352
9,978
9,727

redshift

0.56 £0.21
0.59 +0.20
0.59 +£0.20
0.59 +0.20
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Aa/a (x107°)

14+2.3
s e o ey
1.1+ 2.7
53+2.6



Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits

# QSO spectra  redshift
2a 10, 363 0.56 £0.21
30 10,252 0.59 +£0.20
4o 9,978 0.59 +£0.20
S0 9. 727 0.59 + o

More affected by noise and Hbeta
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Aa/a (x107°)

14+2.3
s e o ey
1.1+ 2.7
53+2.6
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Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits

# QSO spectra  redshift Aa/a (x107°)
o 10.363  0.56+0.21 14+23
30 10.252  0.59 +0.20 5.5+2.5
4o 9.978  0.59 +0.20 71+27 |OK
50 90.727  0.59 +9 53 +2.6

More affected by noise and Hbeta
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Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits

# QSO spectra  redshift Aa/a (x107°)
200 10, 363 0.56 +0.21 14 +2.3

30 10,252  0.59 =0.20 5.5+2.5
dor 9.978 71427 |OK
50 9.727 53 +2.6

More affected by noise an



Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits OK

e Hbeta contamination

Flux

300

250;
200;
150?
100;
50;

oF

4800 4850 4900 4950 5000 5050
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Systematics

e Misidentification of the lines OK
e Interval for the Gaussian fits OK

e Hbeta contamination
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Systematics

e Misidentification of the lines OK
e Interval for the Gaussian fits OK

e Hbeta contamination
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Systematics

e Misidentification of the lines OK
e Interval for the Gaussian fits OK

e Hbeta contamination
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Systematics

e Misidentification of the lines OK
e Interval for the Gaussian fits OK

e Hbeta contamination
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Systematics

e Misidentification of the lines OK
e Interval for the Gaussian fits OK

e Hbeta contamination

S /Nug/ 014960 # QSO spectra  redshift Aa/a (X1072)
<5 10, 338 0.57 +0.21 14 +2.3
<2 9,831 0.57 +0.21 0.6 +2.3
<1 8,162 0.57 +0.21 0.1 £2.5

<0.5 5,831 0.58 £0.21 -0.7£2.8



Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits OK

e Hbeta contamination

S /Nup/[om114960

<5
<2
<1
< 0.5

# QSO spectra

10,338
9,831
8,162
5,831

redshift

0.57 +£0.21
0.57 +£0.21
0.57 +£0.21
0.58 +0.21

Franco D. Albareti
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Aa/a (x1077)

1.4+2.3
0.6 +£2.3
0.1 +£2.5
—-0.7 £ 2.8



Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits OK

e Hbeta contamination

S /Nup/[om114960

<5
<2
<1
< 0.5

# QSO spectra

10,338
9,831
8,162
5,831

redshift

0.57 +£0.21
0.57 +£0.21
0.57 +£0.21
0.58 +0.21
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Aa/a (x1077)

1.4+2.3
0.6 +£2.3
0.1 +£2.5
—0.7 £ 2.8



Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits OK

e Hbeta contamination

S /Nup/[om114960

<5
<2
<1
< 0.5

# QSO spectra

10,338
9,831
8,162
5,831

redshift

0.57 +£0.21
0.57 +£0.21
0.57 +£0.21
0.58 +0.21

Franco D. Albareti
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Aa/a (x1077)

1.4+2.3
0.6 +£2.3
0.1 +£2.5
—0.7 £ 2.8

OK
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Systematics

e Misidentification of the lines OK
e Interval for the Gaussian fits OK
e Hbeta contamination OK

e Continuum subtraction
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Systematics

e Misidentification of the lines OK
e Interval for the Gaussian fits OK
e Hbeta contamination OK

e Continuum subtraction

Pol. order (continuum) # QSO spectra  redshift Aaja (x1077)

3 10,529 0.57 £0.21 1.0+2.3
5 10,550 0.57 £0.21 1.3+2.3
7 10, 363 0.56 +£0.21 1.4+23
9 10,471 0.56 +£0.21 -1.1£23



Systematics

e Misidentification of the lines OK
e Interval for the Gaussian fits OK
e Hbeta contamination OK

e Continuum subtraction

Pol. order (continuum) # QSO spectra  redshift

10,529 0.57 £0.21
10, 550 0.57 £0.21
10, 363 0.56 +£0.21
10,471 0.56 +£0.21

Q\JMMI
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Aaja (x1077)
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e Interval for the Gaussian fits OK
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e Continuum subtraction

Pol. order (continuum) # QSO spectra  redshift
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10, 363 0.56 +£0.21
10,471 0.56 +£0.21

Q\JMMI

Franco D. Albareti
30th March 2015
IberiCOS

Aaja (x1077)

1.0+2.3

1.3+2.3
1.4+23 OK

—1.1+£2.3



Systematics

e Misidentification of the lines OK

e Interval for the Gaussian fits OK

e Hbeta contamination OK

e Continuum subtraction OK

e Different methods

Method # QSO spectra
Gaussian (weighted) 4,537
Gaussian 4,537
Integration 4,537
Modified Bahcall 4,537
Median 4,537
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e Misidentification of the lines OK

e Interval for the Gaussian fits OK

e Hbeta contamination OK

e Continuum subtraction OK

e Different methods

Gaussian (weighted) 4,537
Gaussian 4,537
Integration 4,537
Modified Bahcall 4,537

Median 4,537

redshift

0.58 £0.20
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Systematics

e Misidentification of the lines OK
e [nterval for the Gaussian fits OK
e Hbeta contamination OK

e Continuum subtraction OK

e Different methods OK

e And more...(simulations)
“F. D. Albareti et al., arXiv: 1501.00560”
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Aa/a = (1.4 +£23)x 107

e Misidentification of the lines?

[OIII] lines
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Systematics? ReS—UItS

Aa/a = (1.4+2.3)x 107>

o Misidentification of the lines OK w5

e Interval for the Gaussian fit? ~ o}
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Aa/a = (1.4 +2.3)x 107

e Misidentification of the lines OK

e Interval for the Gaussianmjfits QK

e Hpbeta contamination?
wt HB [OIII]
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Aa/a = (1.4 +£23)x 107

e Misidentification of the lines OK
e Interval for the Gaussian fits OK
e Hbeta contamination OK

e Continuum subtraction OK
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Final results
Reference #QSOspectra  Aa/a (-107)
Bahcall et al. (2004) 42 7T+ 14
Gutiérrez & Lopez-Corredoira (2010) 1,568 2.4+ 2.5
Rahmani et al. (2014) 2,347 -2.1+1.6

This work (2014) 10,363 1.4 +£2.3
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Systematics

Final results
Reference #QSO spectra A/« (-107)
Bahcall et al. (2004) 42

Rahmani et al. (2014) 2,347

Gutiérrez & Lépez-Corredoira (2010) l 1,568
This work (2014) 10,363

A factor 2.5 of improvement is expected...?
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