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In trod uction
 new fellow at BCCP, the other Oliver

 looking for new contacts / projects

 Will talk about two projects:

– peculiar velocities of SN (with Kate Land & Chris 
Gordon)

– GalaxyZoo project (with Gzoo team, PI Chris 
Lintott)

– (sterile neutrinos as a DM candidate next Wed)



Nobe l pr izes  t his morn ing

Albert  Fer t a nd Pe ter G ruenb erg for  th e 
disc overy  of  Gi an t Ma gnetor esista nce

Cong ra tu la tio ns!



SN 1a rec ap  
 SN go bang when when 
Chandrasekhar limit is reached.

 expected to work as standard 
candles 

 empirically correct for scatter via rate of decline, 
colour, etc.
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 So,  measu re  Hu bble  diagram

 measure magnitudes:

 claim the existence of accelerated expansion, etc.

m=5logdL25M



Add veloc ity pertu rbat ions
 Measured redshift changes:

 hence the “theoretical” distance assuming 
homogeneous cosmology is given by 

 

 Measured luminosity changes as

(See e.g. Hui & Greene)

dL
me=dL , i 12 ve− vo⋅n vo⋅n

1zm=1z i 1 ve− vo⋅n

dL
th=dL , idL ,i

1z 2

H z   ve− vo⋅n



and so. ..
 Expression for luminosity fluctuation is given by

 We can account for observers velocity from the 
CMB monopole

 from here one can go and derive local velocity 
fields and moments
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Corre lat ed  lu minositie s
 Correlated velocities lead to correlated luminosities
 



Lik elihood
 So, one can write the correlation function for 
luminosity perturbations
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 the exact likelihood is possible with O(100) supernovae:
 



Covari ances



Cova riances



Resu lt s:
 Use 133-9=124 nearby (z<0.12) SN from Jha et al

 Average separation 100 Mpc/h, mean redshift 0.024

 vary the usual cosmological parameters plus:

– absolute magnitude offset

– magnitude scatter

– velocity scatter
 Add HST + BBN prior to exclude wild models

 In some cases add WMAP or 147 Davis et al SN.



Resu lt s:
 We get a 3-4 sigma detection of the effect:

 Covariances act as a source of signal for power 
spectrum parameters and matter density

 Covariances act as a source of noise for standard 
background analysis - # of SN effectively reduced



Future: FM  an alysis

 SN factory: 300 pieces over 10000 sq deg, 0.03<z<0.08

 SNAP: 2000 pieces over 10 sq deg, 0.2<z<1.7



Future: FM  an alysis

 What the heck: 0.03 – 0.08 vs 0 - 0.08



CMB d ip ole from  SN
 CMB Doppler dipole has been seen in SN

 Hand-waving arguments about “high-enough” 
redshift:

– our method quantifies these
 Direction and magnitude error-bars necessarily 
widen

 We fit for CMB dipole taking into account or 
ignoring correlated velocities.



CMB d ip ole - resu lts



CMB d ip ole  -  resu lts



CMB d ip ole - resu lts
Bottom line:

 detection of our 
dipole motion to 
below 3 sigma

 performing fisher 
matrix indicates 
that this will 
never get much 
better.



Distan ce fl uctu atio ns in general

 from Bonvin et al., also Sasaki, Pyne & Birkinshaw, 
Hui & Greene

 Valid as long as metri c perturbations small (always)

 Lensing dominates at high redshift

 Angular diameter distance does exactly the same!!



Mult ipole expan sion

 from Hannestad et al.

 Dipole traces H(z) (another Bonvin paper)



Conclu sions so far
 SN luminosity fluctuations will be very important in 
the next few years:

– need to be taken into account when anchoring 
low-z Hubble diagram

– potentially a source of systematic

– non-linearities need to be understood better 
 Already with the present data one can make a very 
decent detection of the effect



GALAXY ZOO - In trod uction
 Crazy paper by Longo



GALAXY ZOO - In trod uction

 Must be wrong: would have been seen by now.

 Nothing obviously wrong with the paper: potentially 
interesting secondary effects?



GALAXY ZOO
 Classify “one million” (870 thousand actually) SDSS 
galaxies visually

 anyone can participate after passing a short tutorial

 Approved by SDSS; team includes members from 
Oxford, Portsmouth, John Hopkins and now Berkeley

 Project composed of website and a forum

 Programming donated by Dan Andrescu, web-design 
by Fingerprint Digital Media

 Extra servers donate by JHU
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In te restin g ob jec ts



 Back- lit galaxie s:
 Bill Keel (Alabama) is interested in “back-lit” galaxies 
to study dust-content and distribution

 10 years ago Ray White and Chris Conselice found <20 
usable pairs

 Recently he found spiral/elliptical pairs by clever 
filtering of SDSS redshift data

 The he asked people on GZ forum:

“I've kept track of the promising ones seen on 
galaxuzooforum so far and have almost 180. I knew 
intellectually that the number of superposed pairs was a 
strong function of survey depth, but this is breathtaking.”



Data reduction :
 The last snapshot of the data has

– 30 million datapoints from 75 thousand users

– around 30 datapoints per galaxy, queuing system 
insures sub-poisson distribution of datapoints



 Top  u sers abso lu te maniac s:
User Name Classifications

Joseph K. H. Cheng 340308
CARL R.E. MILLS 330715
Hennex 264820
ALAN MASON 224654
ntel25 200800
dougre 158723
JEFF LAUER 137956
didi0815 135200
gianserse 127220
Magic 113664
ElisabethB 111295
clarea13 104610



 Top  u sers total bon kers:
    “Whenever I picked up spectacular objects I first 
wrote down the Ref. manually in a journal I am keeping 
for my original records which contains date, time & brief 
descriptions of the image. Then for the really good ones I 
downloaded the page right away. For the less gorgeous 
ones I went back to do the downloading when I am not 
so busy.”

  ANIMALS OF THE ZOO ( 2 ), THE EXOTIC ENTITIES:

                       ANIMAL NO. ( 9 )   BLUE BIRD ( PARROT ? ) WITH BACK ON US                                  588017723865825315

                       ANIMAL NO. ( 10 )  KANGAROO - HEAD TO RIGHT / TAIL TO LEFT                                588016525560315967

                       ANIMAL NO. ( 11 )  PLATYPUS - HEAD TO LEFT                                                       587739631167668399

                       ANIMAL NO. ( 12 )  STANDING SQUIRREL                                                                  588007004169830476

                       ANIMAL NO. ( 13 )  BEAGLE WITH TAIL POINTING UPWARDS                                        587739811564093632

                       ANIMAL NO. ( 14 )  SWIMMING PENGUIN - HEAD TO RIGHT                                          587730841521487998



Data reduction:
Various methods of data reduction:

 Anarch ic: treat all users equally

 Democ ra tic:  iteratively reweight users

– start with unit weights for all users

– get first inference about galaxy-types

– reweight users according to how they agree with 
estimates

– repeat until converged (3-4 iterations)
 Aristo cra tic : same as Democratic but add 
superusers from GE community

 Fasci st: you can be your own superuser



Data reduction:
Results:

 36% is classified (>10 votes and >80% agreement)

 55% is good (votes not Poisson limited, but no clear 
agreement)

 9% need more data  



Biase s:



Biase s:

 “If one million French believe in something, it 
doesn't make it true...”

 Comparison with Fukugita et al quite promising, but 
S0 and Sa are counted as elliptical in our sample. 



Axis in the  Unive rse ?
Immediately clear that something is going on:

 Raw data show 1.88 million clockwise vs 1.72 million 
anti-clockwise clicks, 9% or 100 sigma difference

 Anecdotal evidence that this is a known effect in 
physiology

 Processed data show about 5% excess

 Longo's data also show a 8% excess

 For shared data Longo and we agree at 99.9% level.

 “monopole” + asymmetric window function gives you a 
“dipole”

 Feeding mirrored images to quantify effect



Corre lat ion function
 Correlation 
function consistent 
with monopole term 
only. 

 The correlation 
function of sign 
of radial 
component of AM 
vector 

 Around 4% have 
wrong sign, 20 
deg DM/baryons 
misaligment 



Corre lat ion function
 Confirms results 
of Sugai & Iye, 
1995 

 Consistent with 
tidal torque 
theory (e.g. 
Barnes & 
Efstathiou 1986)



Real- space corre lation

 Confirms results 
of Sugai & Iye, 
1995 

 Consistent with 
tidal torque 
theory (e.g. 
Barnes & 
Efstathiou 1986)



Conclu sions
 GZOO an exciting project:

– it usefulness remains to be seen, but looks 
promising

– first papers soon

– V2: full Hubble fork

– V3: natural classifications based on FoF 


