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•  Cosmic	  Fron+er	  Parallel	  Sessions	  
– 26	  talks	  by	  24	  speakers	  
– Results,	  Commissioning/Opera+ons,	  Projec+ons,	  
Ideas	  

•  Ernest	  Rutherford:	  
–  	  `If	  your	  experiment	  needs	  sta+s+cs,	  you	  ought	  to	  
have	  done	  a	  beTer	  experiment’...	  Over	  a	  long	  
+me	  ago.	  

– Big	  data	  analyzed	  by	  the	  very	  skilled	  
	  

•  Wonderful	  youthful	  spirit…	  Namaste	  



Some	  themes	  

•  WIMPs…	  well	  defined,	  models,	  lines	  to	  cross	  
– Majorana	  or	  Dirac	  or	  neither?	  
–  Just	  one	  par+cle	  or	  a	  whole	  `dark	  sector’?	  

•  Dark	  Energy…	  a	  great	  discovery	  where	  `lines	  
to	  cross’	  is	  perhaps	  inappropriate	  

•  New	  ideas	  that	  seek	  a	  repeat	  



Astrophysical	  Searches	  	  
for	  	  

Daughters	  	  
from	  	  

Dark	  Ma7er	  Annihila9on	  
&	  

Related	  



Alex	  Drlica-‐Wagner	  /	  Fermi-‐LAT	  
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Dwarf Spheroidal Galaxies
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Combined Limits at 95%CL
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Emma	  Storm	  /	  Radio	  

Galaxy	  
Clusters	  

Results for Full Cluster Sample

NFW dark matter profile. Radio emission measured at different frequencies.
Storm, E., Jeltema, T. E., Profumo, S., & Rudnick, L., 2013, ApJ, 768, 106

Emma Storm (UCSC Physics) DM Constraints from Radio 15 Aug 2013 7 / 12

Diffuse Radio Emission in Clusters

Radio Haloes
diffuse synchrotron
emission
∼1 Mpc
typically found in
merging clusters

Mini-Haloes
hundreds of kpc, found
in relaxed (cool-core)
clusters Coma Cluster. Radio contours overlaid on X-ray.

Brown & Rudnick, 2011, MNRAS, 412, 2.

Most clusters: no diffuse radio emission!
Use radio UL to constrain annihilation cross section.

Emma Storm (UCSC Physics) DM Constraints from Radio 15 Aug 2013 3 / 12



Positron	  
Discovery	  	  
(1932)	  



Positron	  
Discovery	  	  
(1932)	  

AMS	  
369	  GeV	  e+	  	  
(2013)	  





Propaga+on…	  
Cowsik,	  Burch,	  Madziwa-‐Nussinov	  



David	  Williams	  /	  CTA	  
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Why a large array? 

Sufficiently large and capable MST array is 
the primary goal of the US groups 

•  Double the size of the southern array 
•  Developing novel design w/ secondary 

mirror & <0.07° optical psf 

Figures from Slava Bugaev 

Color scale: number of triggered telescopes for 500 GeV showers 
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Axion-like Particles (ALPs)

Simulated CTA observation 
Bright flare from 4C 21.35 

0.1 nG IGMF 
EBL of Dominguez et al. 2011 

103

101

10-1

 (E/TeV)
10

log
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6

 )
-1

 T
eV

-1
 s

-2
dN

/d
E 

 (m

-710

-610

-510

-410

-310
 5, 5 h observation!flux 

 = 200 GeVcritE

Figure 2.2: Simulation of a 5 h CTA observation of a 4C +21.35 flare 5 times
more intense than the one recorded by MAGIC [149]. In black, energy bins
used for the fit (those with a signal exceeding three times the RMS of the back-
ground, and a minimum of 10 excess events). Excluded points are displayed
in grey. The estimated intrinsic differential energy spectrum (after correcting
for the EBL effect) shows a boost at high energies due to photon/ALP mix-
ing. The IGMF strength is assumed to be 0.1 nG, and ALP parameters result in
Ecrit = 200 GeV.

 (E/TeV)
10

log
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6

 )
-1

 T
eV

-1
 s

-2
 d

N
/d

E 
(m

-710

-610

-510

-410

-310

 5, 5h observation!flux 
 = 1 TeVcritE

Figure 2.3: Same as in Fig. 2.2, but with Ecrit = 1 TeV. Note that in scenarios
like this, where Ecrit is within the energy range in which the EBL absorption is
already large, the boost in the flux shows up as a sudden rise (smeared out by
the spectral resolution of the instrument) which would even allow to determine
Ecrit accurately.

Using the performance parameters of array E, we obtain the
expected gamma-ray and cosmic-ray background rates in bins
of estimated energy, and from them the reconstructed differ-
ential energy spectrum. After this, we correct the observed
spectrum by the energy-dependent attenuation factors expected
from the EBL in order to get an estimate of the intrinsic source
spectrum. Each simulated spectrum is fitted to a power-law
with variable index of the form dN/dE ∝ E−α−β log(E/0.1TeV),
in which we constrain the β parameter so that the spectrum can-
not become harder with increasing energy (such behavior is not
expected from emission models in this energy range). Only en-
ergy bins with a signal exceeding three times the RMS of the
background, and a minimum of 10 excess events, are consid-

ered in the fit.
In the absence of any significant photon/ALP mixing, the

resulting fits will all match the spectral points within the ex-
perimental uncertainties, resulting in good χ2 values. But, as
shown in Ref. [143], certain combinations of ALP parameters
and values of the IGMF may result in significant modifications
of the observed VHE spectra. The most striking feature is a
boost of the expected flux at high energies, which is particularly
prominent in the estimated intrinsic (i.e. EBL-de-absorbed)
spectrum. Such a feature may result in a low value of the χ2-
probability of the spectral fit. In Figs. 2.2 and 2.3 we show two
such cases, in which the observed spectra, after de-absorption
of the EBL effect, show a clear hardening of the spectral in-
dex. The effect is particularly striking in the cases in which the
EBL absorption at E = Ecrit is already strong (e.g. Fig. 2.3), be-
cause then the boost sets in very fast, resulting in dN/dE rising
with energy at around Ecrit. The rise is actually very sharp, but
it is smoothed by the energy resolution of the instrument. An
improvement in the energy resolution would increase the sig-
nificance of the feature and improve the determination of Ecrit.
In contrast, if Ecrit is in the range in which the EBL absorp-
tion is small or negligible (Fig. 2.2), the feature at Ecrit would
just be a flux drop of at most # 30% [143], also washed out
by the instrumental energy resolution. In those cases, though
a high-energy boost may still be clearly detected, it would be
hard to determine the exact value of Ecrit. This is because, in
the formalism described in Ref. [143], similar ALP boost fac-
tors are always achieved at energies E > Ecrit, independently of
the particular value of Ecrit in each case.
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Figure 2.4: Median of the χ2-probabilities of the fits to the de-absorbed differ-
ential energy spectra of 4C +21.35 measured by CTA, assuming photon/ALP
mixing, for different values of Ecrit . We simulated observations of flares of
two different durations: 0.5 and 5 hours, and with intensities equal to 1 and 5
times that of the flare reported in [149]. The dashed horizontal line marks the
probability that corresponds to 5 standard deviations.

Prospects
For each of the Ecrit values scanned, we have performed 103

simulations of a CTA observation, all with the same source flux
and observation time. We consider that a given value of Ecrit
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Figure 3. Axion and ALP coupling to photons, giγ ≡ αCiγ/(2πfai
), vs. its mass (adapted by Javier

Redondo [49] from Refs. [50, 51]). The yellow band is the generic prediction for the QCD axion, exploiting
Eqs. (2) and (4), which relate its mass with its coupling to photons.

3. Opportunities to probe the intermediate string scale LVS
3.1. Haloscope searches
We have seen, that the LVS predicts – for the least fine-tuning of fluxes, such that gs ∼ 0.1
and W0 ∼ 1, and a TeVish gravitino mass – an intermediate string scale and thus a QCD axion
in the classic window, cf. Eq. (32). For decay constants in the upper part of this window,
fa ! 1011÷12 GeV, the QCD axion is expected to contribute substantially to the cold dark
matter in the universe, see Eq. (6). Therefore, the intermediate string scale LVS can be probed
by haloscope searches for axion cold dark matter [43] such as ADMX [44, 45, 46, 47]. These
experiments exploit the coupling (4) by searching for the signal of dark matter axion to photon
conversions in a narrow bandwidth microwave cavity sitting in a strong magnetic field. As can
be seen from the light green area in Fig. 3 labelled as “Haloscopes”, a substantial range of the
QCD axion dark matter parameter range will be probed by ADMX and other haloscopes [48]
in the next decade.

3.2. Helioscope searches
A complementary search for the QCD axion in the lower part of the classic window, fa !
109÷10 GeV, can be conducted with the next generation of axion helioscopes [43], in which
one tries to detect solar axions by their conversion into photons inside of a strong magnet
pointed towards the sun. Indeed, the projected sensitivity of the proposed International Axion
Observatory IAXO [52] covers nicely a part of QCD axion parameter space which will not be
covered by the haloscope searches, as can be seen in Fig. 3.

A very welcome feature of helioscopes is that they do not lose sensitivity towards low masses:
their projected sensitivity are best and stay constant at small masses, see Fig. 3. That means,
with IAXO one may also probe the LVS axiverse, in particular the possible existence of more
ALPs with approximate the same coupling to photons as the QCD axion.

This is very important in view of recent tantalising astrophysical hints, such as the anomalous
transparency of the Universe for TeV photons [53] and the anomalous cooling of white

C T A 

Left figure: Doro et al., Astropart. Phys. 43, 189; arXiv:1208.5356 
Right figure: Sanchez-Conde et al., in prep., adapted from Ringwald, 2012, arXiv:1209.2299  

Caveat: Other astrophysical processes, e.g. UHECR cascades, can also 
lead to spectral hardening  



Ma7hew	  Wood/	  CTA	  
GC Halo Limits (bb channel)!

8/15/13 14 DPF 2013 

CTA (500 hr) 

HESS (112 hr) 
Fermi dSph  
(4 yrs +10 dsphs) 



Nepomuk	  O7e	  /	  Review	  	  

Nepomuk Otte 9

Energy dependent Dispersion in 
Photon Sector

Linear term Quadratic term

Arrival time differences (Δt) become noticeable 
                  for large distances d and high photon energies E

Nepomuk Otte 11

LIV Test with Pulsars

Peaks at 100 MeV (Fermi) and 
120 GeV (VERITAS) line up

Linear: ELIV > 3x1017 GeV

Quadratic: ELIV > 7x109 GeV

Detection of the Crab pulsar above 
100 GeV with VERITAS

VERITAS > 120 GeV

Fermi  > 100 MeV

1 ms

Improved limits (factor 10) with more sensitive observations:
● Deeper observations: VERITAS
● Higher sensitivity instruments: CTA 
● Detection of other pulsars in the VHE band: VERITAS, CTA

A.N.O. ICRC (2011)  arXiv:1208.2033
B. Zitzer ICRC (2013)  arXiv:1307.8382

LIV tests with pulsars are reproducible and 
source effects can be disentangled from propagation effects 

Nepomuk Otte 16

An Overview over various Limits
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Lorentz	  
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Tareq	  AbuZayyad	  /	  TALE	  	  

  12

Example event TALE FD 
designed to look for

 Five (Err.. eight) telescope 
event.

 Event duration ~ few 
micro-seconds

 Angular extent long

 … in case hybrid then 
even better geometrical 
reconstruction

 Threshold ~3e16 eV

  13

Example Cerenkov event 
seen by TALE FD 

 Most are single 
telescope

 Event duration ~100ns - 
~600 ns

 Angular extent short
 Unlikely to trigger 

surface detector
 Threshold ~3e15 eV

Cherenkov	  
Response	  



L. Tibaldo Fermi LAT observations of diffuse γ-ray emission of 25

Local interstellar cosmic-ray spectra

16

γ
CR

Dermer+ 2013, ICRC, arXiv:1307.0497

Spectrum of Cosmic Rays from Diffuse Gamma Rays
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

102 103 104 105 106 107

momentum, MeV

1

10

100

1000

10000

p2  n
(p

), 
M

eV
 c

m
-2
 s

r-1
 s

-1

102 103 104 105 106 107

momentum, MeV

1

10

100

1000

10000

p2  n
(p

), 
M

eV
 c

m
-2
 s

r-1
 s

-1

101 102 103 104 105 106

momentum, MeV

0.01

0.10

1.00

10.00

p2  n
(p

), 
M

eV
 c

m
-2
 s

r-1
 s

-1

101 102 103 104 105 106

momentum, MeV

0.01

0.10

1.00

10.00

p2  n
(p

), 
M

eV
 c

m
-2
 s

r-1
 s

-1

101 102 103 104 105

energy, MeV

10-26

10-25

10-24

10-23

E2  X
  e

m
is

si
vi

ty
, M

eV
2  s

r-1
 s

-1
 M

eV
-1

101 102 103 104 105

energy, MeV

10-26

10-25

10-24

10-23

E2  X
  e

m
is

si
vi

ty
, M

eV
2  s

r-1
 s

-1
 M

eV
-1

PRELIMINARY

Figure 2: Spectra derived from model fitting. Yellow band shows model range. Model ranges are 1 standard deviation on
the parameterized synthetic spectra. Top: Measured and derived cosmic-ray proton spectra. Data are AMS01 (asterisks)
and PAMELA (diamonds). Middle: Measured and derived cosmic-ray electron spectra. Data are AMS01 (asterisks),
PAMELA (diamonds), and Fermi-LAT (squares). Bottom: Fermi-LAT emissivity data (vertical bars) and model, with
red and green curves showing the hadronic and leptonic bremsstrahlung contributions; the yellow band shows the total.
Emissivities from Casandjian [4], and cross sections from [6] (left column), [11, 10] (right column).

Spectrum of Cosmic Rays from Diffuse Gamma Rays
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013
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Figure 2: Spectra derived from model fitting. Yellow band shows model range. Model ranges are 1 standard deviation on
the parameterized synthetic spectra. Top: Measured and derived cosmic-ray proton spectra. Data are AMS01 (asterisks)
and PAMELA (diamonds). Middle: Measured and derived cosmic-ray electron spectra. Data are AMS01 (asterisks),
PAMELA (diamonds), and Fermi-LAT (squares). Bottom: Fermi-LAT emissivity data (vertical bars) and model, with
red and green curves showing the hadronic and leptonic bremsstrahlung contributions; the yellow band shows the total.
Emissivities from Casandjian [4], and cross sections from [6] (left column), [11, 10] (right column).
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PRELIMINARY

• can measure interstellar p 
spectrum from γ alone

• need to take into account 
uncertainties in nuclear 
production models 
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The Astrophysical Journal, 750:3 (35pp), 2012 May 1 Ackermann et al.

Figure 6. Residual maps in units of standard deviation in the energy range
200 MeV–100 GeV. Shown are residuals for model SSZ4R20T150C5 (top) and
model SLZ6R20T∞C5 (bottom). The top map shows in addition a sketch of a
few identified large-scale residuals, Loop I (green), Magellanic stream (pink),
and features coincident with those identified by Su et al. (2010) and Dobler et al.
(2010) (magenta). The maps have been smoothed with a 0.◦5 hard-edge kernel.
The kernel is inclusive so that every pixel intersecting the kernel is taken into
account.
(A color version of this figure is available in the online journal.)

not show figures for all of the models considered in the
paper. A few models are chosen for display, selected to show
the range of results, emphasizing the differences between the
models. The figures for all of the models are available in the
online supplementary material. Note that the comparison models
incorporate the factors found from the fit to the γ -ray data so
directly comparing the GALPROP output using the GALDEF
files provided in the online supplementary material will not give
identical results.

4.2.1. Residual Sky Maps

Figure 6 shows the residual sky maps in units of standard de-
viations69 for models SSZ4R20T150C5 and SLZ6R20T∞C5. All
models display large-scale residuals with similar, but not iden-
tical, features. A more physical way of comparing the models
to the data are fractional residual maps, (data − model)/data,
shown in Figure 7 for the same models. The Galactic plane
shows significant (greater than 4σ ) positive and negative struc-
ture in the inner Galaxy, but mainly positive in the outer Galaxy.
While the residuals are statistically significant, Figure 7 shows
that the fractional difference in the inner Galactic plane is less
than 10%.

All of the models considered have large positive residuals at
intermediate and high latitudes about the Galactic center, most

69 Calculated as sign(∆) ∗
√

2(data ∗ log(data/model) − ∆) with
∆ = data − model.

Figure 7. Fractional residual maps, (model − data)/data, in the energy range
200 MeV–100 GeV. Shown are residuals for model SSZ4R20T150C5 (top) and
model SLZ6R20T∞C5 (bottom). The maps have been smoothed with a 0.◦5
hard-edge kernel; see Figure 6.
(A color version of this figure is available in the online journal.)

notably features coincident with those described by Su et al.
(2010) and Dobler et al. (2010), and a feature that is similar to
the radio-detected Loop I (Casandjian et al. 2009). The negative
residual of the Magellanic stream is also visible in the southern
hemisphere. It was not subtracted from the H i annular column
density maps because its contribution to the column density
was incorrectly assumed to be negligible. However, this does
not affect our model comparison because the models all include
this same extra column density. Due to the limited freedom in
our fits of the DGE to the γ -ray sky, no attempt will be made
here to characterize these residual structures but we do note that
their shapes depend on the assumed DGE model.

Point sources are also evident in the large-scale residuals,
indicating that the point-source fluxes determined by the fit are
biased in these areas. However, their PSF-like spatial extent
prevents them from affecting the DGE modeling significantly.
Only in areas with many overlapping point sources, such as in
the Galactic ridge, can they mimic the structure of the DGE.
Our tests have shown that inaccurate source modeling causes
less than 20% variations in the derived XCO factors, less than the
variation caused by the CR source distribution and gas properties
(see Section 4.3).

The track of the Sun along the ecliptic can also be seen
(particularly in the north), although it is not very prominent.
The quiet Sun is a source of high-energy γ -rays from CR
nuclei interacting in its atmosphere (Seckel et al. 1991) and
CR electrons and positrons IC scattering of the heliospheric
photon field (Moskalenko et al. 2006a; Orlando & Strong 2007,
2008; Abdo et al. 2011). However, when averaged over a year
the overall intensity of this component is very small, being less

12

(data-model)/model

Ackermann+ 2012 ApJ 750 3

Large scale features:

• Fermi bubbles
(Su, Slatyer & Finkbeiner 2010)

• Loop I (Casandjian & Grenier 2009)

• Many features on the Galactic 
plane

Not everything is in our templates ...

L. Tibaldo Fermi LAT observations of diffuse γ-ray emission of 25

The Fermi LAT view of Cygnus X

17

encloses 3.2 × 104 (neff/10 cm−3)−1 solar masses
of ionized gas at 1.4 kpc (fig. S1D). However, the
mass is an order of magnitude too low and the
“Local” CR spectrum (i.e., that near the Sun) is
too soft to explain the LAT data (Fig. 4). The
cocoon partially overlaps a concentration of

ionized gas (fig. S1D). We fitted the N(HII) map
to the data in addition to the other interstellar
components. The template is significantly de-
tected, but at the expense of an unusually large
emissivity, much harder than in the other gas
phases (15). Its spectrum compares well with that

extracted with the 2° Gaussian source (fig. S7).
Thus, overlooked gas in any state, illuminated by
the same CR spectrum as found in the rest of the
region, cannot explain the observed hardness
of the cocoon emission. It requires a harder CR
spectrum.

Fig. 2. Photon count maps in the 10- to 100-GeV band (30), smoothed with a s = 0.25° Gaussian kernel, obtained for the total emission (A), after subtraction of
the interstellar background and all known sources but g Cygni (B), and after further removal of the extended emission from g Cygni (C).

Fig. 3. (A) Photon count
residual map in the 10- to
100-GeVband(30), smoothed
with a s = 0.25° Gaussian
kernel, and overlaid with
the 10−5.6 Wm−2 sr−1 white
contour of the 8-mm inten-
sity. The typical LAT angular
resolution above 10 GeV is
indicated. The black circles
mark g Cygni and Cyg OB2.
(B) An 8-mm map and solid
circles for g Cygni and stellar
clusters, as in Fig. 1. The
large magenta circle marks
the location and extent of
the source MGRO J2031+41
(14); dashed circles give
upper limits to the diffusion
lengths of 10, 102, and 103

GeV particles after 5000
years of travel time using
the standard interstellar
diffusion coefficient. Their
origin from the position of
the rim of g Cygni 5000 years
ago is purely illustrative.

www.sciencemag.org SCIENCE VOL 334 25 NOVEMBER 2011 1105
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interstellar cavities
MSX - 8 μm (W m-2 sr-1)

LAT - γ-ray background 
subtracted > 10 GeV

(counts/bin)

Ackermann+ 2011 Science 334 1103

• massive star-forming region:

- 1.5 kpc from the Sun

- > 100 O stars

- 10M solar masses of 
gas

• extended excess of γ rays 
with hard spectrum w.r.t. 
model with local emissivity



Reshmi	  Mukherjee	  /	  Veritas	  PKS 1424+240 

!" Furniss et al. 2013!

!" Detected at VHE by
 VERITAS in 2010 

!" New HST/COS obs. :  

  z >0.6035 (Furniss et al.,
 2013) 

!" Most distant BL Lac 

!" Deep campaign: >100
 hours of new data since
 2010 

!" VERITAS spectral measurements probe the EBL for large optical depths (~ # > 
4, for minimal EBL models) 
!" VERITAS spectrum is lower than expected from a smooth extrapolation of the 
Fermi-LAT spectrum.  

Reshmi Mukherjee!

BL Lacertae flare & pre-flare SED  

!" TeV flare occurred when 
source was active & variable 
in GeV band. !-ray SED peak 
lies ~ 10-100 GeV. 

!" LAT data shows evidence for 
spectral hardening during the 
VERITAS flare.  

!" Sharp break at TeV energies 
– Klein-Nishina effects  
(h'0 # mc2/4!KN - electron 
cooling rate is substantially 
reduced) 

Arlen, T. et al. (2013) 

Reshmi Mukherjee! APS DPF August 2013!

PKS	  	  
1424+240	  

BL	  
Lacertae	  



William	  Shepherd/	  Theory	  

Scalar Operator 

Scalar Operator 



Farinaldo	  Queiroz	  /	  Theory	  
BBN and CMB bounds

1. Large mass ratios

2. Short lifetime < 104 s

We need

These processes become 

inefficient for  t > 104 s  changing 

the photon spectrum.

(Double) Compton scattering

 thermalize high energy photons

 for t < 103 s

Energy releases which occur 

long after BBN may, in principle, 

spoil the successful BBN 

predictions for light elemental

 abundances.
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If massive leptons exist, their associated neutrinos would have been copiously produced in the early stages of the 
hot, big bang cosmology. These neutrinos would have contributed to the total energy density and would have had the 
effect of speeding up the expansion of the universe. The effect of the speed-up on primordial nucleosynthesis is to 
produce a higher abundance of 4He. It is shown that observational limits to the primordial abundance of 4He lead to 
the constraint that the total number of types of heavy lepton must be less than or equal to 5. 

Possible interpretations of  recent observations (for 
example, the anomalous e/a events produced in e+e - 
annihilation [1 ] suggest the existence of  leptons more 
massive than muons. It would be expected that each 
such lepton would have associated with it a corre- 
sponding neutrino-antineutrino pair. It will be shown 
in this note that the existence of  these neutrmos has 
observable implications in the standard big bang cos- 
mology and that present observations place limits on 
the number of  heavy lepton types. 

It is interestmg that in V-A theories of  the weak 
interaction there is a direct correspondence between 
the number of  lepton types and the number of  quarks. 
(This correspondence does not hold in all theories 
such as some of  the recent vector-like models of  the 
weak interaction.) Therefore, a limit to the number of  
lepton types may also be a limit to the number of  
,quarks. Since asymptotic freedom [2] does not hold 
if there are more than 16 quark color triplets and 
since in V-A theories each lepton and its neutrino are 
related to a pair of  quark color triplets, then it would 
be quite interesting if it can be shown that the total 
number of  lepton types is less than 8. In fact, we will 

! The National Radio Astronomy Observatory is operated by 
Associated Universitites, Inc. under contract with the 
National Science Foundation. 

2 Permanent address. 

show that present observations imply less than 5 heavy 
leptons (less than 7 lepton types including e and/~). 

It has been known for some time [3] that the num- 
ber of  particle types can produce observable effects in 
the standard hot  big bang model of  the universe. For 
the present context, note that in the early, hot  stages 
of  a big bang cosmology, any massive leptons would 
have been copiously produced and, in particular, their 
associated neutrinos would have been as abundant as 
the electron neutrinos and muon neutrinos. As a result, 
these new neutrinos would have contributed signifi- 
cantly to the total energy density $1. During the early 
stages, the universe is in "free expansion" (the time 
reversal of free fall) so that the expansion time scale 
(age) and the energy density are related by p = t -2 .  
The effect of  "extra" zero-mass particles is to increase 
the density (p ~ p '  - ~20) and, thus, to decrease the 
time scale ( t - > t '  = ~-1 t). 

A change in the expansion rate can significantly 
change the abundances of  the elements produced by 
primordial nucleosynthesis [4]. The dominant effect ~ 

,1 For massless particles (or, forMc 2 < kT) the energy densi- 
ty varies as the fourth power of the temperature whereas 
for massive particles (Mc 2 ~, kT) the energy density varies 
as the cube of the temperature. Thus, m the early, hot 
epochs, the energy density is dominated by the contribu- 
tion from the massless particles. 

202 



Kazuyoshi	  Kitazawa	  /	  Theory	  

9

A hexagon and a pentagon on GB240 (= ur-Higgs)
Each glueball feels the color of neighbor glueball, and is supposed to have color 
valence of  4 (four).

K. Kitazawa: DPF 2013 Santa Cruz,   
15 Aug. 2013

Ur-‐Higgs	  a	  
buckyball	  of	  
glueballs!!!	  



Ahmed	  Ismail/	  Theory	  

4

The phenomenological MSSM

● The full MSSM has 105 new free parameters, 
many of which are strongly constrained

● Impose minimal flavor violation, diagonal 
sparticle mass matrices with degenerate first 
two generations, CP conservation

● Generated random points in resulting 19-dim. 
space passing precision EW, flavor, DM 
constraints

● Produced set of ~2.2 x 105 consistent models 
in late 2011



Ahmed	  Ismail/	  Theory	  

16

Search complementarity

Direct and indirect detection probe distinct regions!

DD = XENON1T + COUPP500
ID = Fermi + CTA

39%
27%
8%
11%
15%R = Ω/Ω

WMAP

19%	  ID	  

Not	  tested	  
LHC	  

23%	  DD	  



Latest	  CMS	  Spin 
Independent!
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Fron9ers	  

Beam	  
Dump	  



Omar	  Moreno	  
Heavy	  Photon	  Search	  



Searches	  	  
for	  	  

Direct	  Interac9ons	  	  
of	  	  

Dark	  Ma7er	  
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Independent, 
50 GeV!
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Prisca	  Cushman	  /	  CDMS	  

Using a modified version of the 5D χ2 phonon timing cut, 
Silicon reveals 3 events with expected surface leakage of  

Room for Threshold Reduction. 
Work ongoing. 
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Silicon reveals 3 events with expected surface leakage of  
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Work ongoing. 
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Prisca	  Cushman	  /	  CDMS	  
Silicon results 

24 



Prisca	  Cushman	  /	  CDMS	  
CDMSLite:#Low#Ionization#Threshold#Experiment## 30 



Monica	  Pangilinan/	  LUX-‐LZ	  

Projected Cross 
Section

5
LUXïZEPLIN, proj 2012, 7 tonne, 0 BG, 50% eff, 5tï1000d, 4ï30 phe, SI
LUX 300 kg Projected Sensitivity: 30000 kgïd, 5ï30 keV, 45% eff
XENON100, 2012, 225 live days (7650 kgïdays), SI
ZEPLIN III, 2011, second science run, 1344kgïdays, SI
Edelweiss II, 2011, Final Results, 384kgïdays, SI
XENON10, 2008, measured Leff from Xe cube, using 58.6 live days, SI
CRESST II, 2011, 730kgïdays, 1ïsigma allowed region, SI
DAMA/LIBRA, 2008, no ion channeling, 3sigma, SI
CDMS II (Soudan), 2011, reanalyzed data from Oct06ïSep08, Ge detector, 2keV
CoGeNT, 2011, Annual Modulation ROI, SI
COUPP, 2011, using 3.5kg CFï3I detector, SDïproton
DATA listed top to bottom on plot
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Figure 9: Excluded proton-dark matter cross section for axial-vector-like (spin dependent) (up-
per left) vector-like (spin independent) (lower left) for the combination of electron and muon
channels. The CMS monojet result is for 20 fb�1 of 2012 data from PAS-EXO-12-048 [12]. In
the right row the proton-dark matter cross section is shown for different values of x with the
axial-vector-like (spin dependent) in the upper right and the vector-like (spin independent) in
the lower right.
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Monica	  Pangilinan/	  LUX-‐LZ	  

• LUX + ZEPLIN collaboration
• 7.2 tonnes 370 kg liquid Xenon time 
projection chamber (TPC)
• detector in 8m x 6m water tank 
•4850 ft underground at Homestake 
mine in Lead, SD
•low radioactivity Ti
•~500 R11410 122 R8778 PMTs for 
detection
• PTFE reflector cage
•Thermosyphon for cooling Xe to 
~170K

4

Scaling up: The LZ Experiment 

Addition of liquid scintillator veto outside Ti 
cryostats and instrument liquid Xe skin outside of 

field cage 



Monica	  Pangilinan/	  LUX-‐LZ	  

18
drunr = cts/kg/keVnr/day

Major Internal Neutron Backgrounds
(PMT, Ti, PTFE)
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Direct	  Detec9on	  Future	  

5 August 2013 Snowmass Cosmic Frontier 12

CURRENT STATUS AND FUTURE PROSPECTS

Q background: Billard, Strigari,
Figueroa-Feliciano (2013)



Peter	  Karn	  /	  HAWC	  	  

 Site at 13,500 ft, next to Pico de Orizaba in Mexico 
 Array of 300 water Cherenkov detectors, ~60 ktons total 
 Area of ~22,000 m2  
 Sensitive to gamma rays from 100 GeV to 100 TeV 
 Wide field of view, high duty cycle, ~50% sky coverage 
 Successor to Milagro experiment 
 Operating now with 111 detectors,  To be completed: 2014 

4 

Water Cherenkov Detectors 
 4 PMTs on bottom 

 3 Hamamatsu R5912 tubes 
from Milagro: ~30 kHz rate 

 Hamatsu R7081 central 
tube: ~60 kHz rate 

 

6 

7.3 m 

4.5 m 

Trigger Algorithm 
 Above ~100 mb cross section, 

can expect Q-ball to interact 
several times 

 A  “hit”  =  3  or  4  PMTs  above  
threshold within 50 ns 

 To beat down background 
from uncorrelated incidentals, 
require 6 hits in ~100 us 

 Size of tank and times of hits 
-> maximum speed 

8 

Q-ball Interactions 
 Interior of Q-ball: 
 SU(3)color and U(1)baryon broken 
 Dissociates nucleons into 

quarks: release energy as pions 
 1 GeV released per nucleon 
 Oxygen nucleus -> ~40 pions 

with ~400 MeV each (Q-ball 
moves on unaffected) 

 16 GeV of energy to detect, 
easy  to  see  with… 

3 
Kusenko, et al. Phys. Rev. D 72,2005. 



Dark	  Energy	  



Beth	  Reid	  /	  SDSS-‐III	  BOSS	  	  

DPF, UC Santa Cruz, 13-17 August 2013                                                                                                 Carnegie Mellon Univesity

Baryonic Acoustic Oscillations

The measurement of distances between between objects on cosmic scales 
over a range of redshift provides a map of the expansion history. BAO are 
used as standard rulers for learning about cosmology.

Friday, August 16, 13

SDSS-III Baryon Oscillation Spectroscopic Survey

• 10,000 deg2, 1.35M new redshifts

• %-level distances at 
z = 0.35, 0.6, 2.3

Beth Reid APS DPF 2013

QUASARS

BOSS galaxies

SDSS LRGs

SDSS Main

Friday, August 16, 2013

DR9 Results

Beth Reid

*

Line of constant
 DA(z=1091)

DE more 
“recent”/
larger H0

• Modeling ξ(s,μ) buys you a lot of statistical power on 
dark energy parameters and testing gravity

APS DPF 2013

BOSS DR9
w = -0.88 ± 0.06

Friday, August 16, 2013



Mariana	  Vargas-‐Magaña	  /	  SDSS-‐III	  BOSS	  	  

DPF, UC Santa Cruz, 13-17 August 2013                                                                                                 Carnegie Mellon UnivesityDPF, UC Santa Cruz, 13-17 August 2013                                                                                                 Carnegie Mellon Univesity

First Reconstruction with SDSS I-II Galaxy samples 
DR7

✤ Reduces error from 3.5% to 1.9% in the measurement of the distance to z=0.35 
equivalent to a survey with three times the volume of SDSS.

✤ Improves significance of the BAO feature from 3.3 sigma to 4.2 sigma.

Padmanabham et al 2012

Friday, August 16, 13
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First Reconstruction with SDSS I-II Galaxy samples 
DR7

✤ Reduces error from 3.5% to 1.9% in the measurement of the distance to z=0.35 
equivalent to a survey with three times the volume of SDSS.

✤ Improves significance of the BAO feature from 3.3 sigma to 4.2 sigma.
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Friday, August 16, 13

DPF, UC Santa Cruz, 13-17 August 2013                                                                                                 Carnegie Mellon UnivesityDPF, UC Santa Cruz, 13-17 August 2013                                                                                                 Carnegie Mellon Univesity

Reconstruction on BOSS DR9 

✤ CMASS DR9, reconstruction has not significantly improved our measurement of the 
acoustic scale. Shift in the acoustic scale from the CMASS DR9 data ! = 1.016±0.017 
before reconstruction and ! = 1.024 ± 0.016 after reconstruction.

Anderson et al 2012

Friday, August 16, 13



Michael	  Levi	  /	  DESI	  

MS-DESI Reference Concept 
•  Scale up BOSS to a massively parallel fiber-fed spectrometer 
•  Stage-IV BAO and Power Spectrum, build upon BOSS 
•  Broad range of target classes: LRG’s, ELG’s, QSO’s 
•  Broad redshift range:  0.5 < z < 1.6, 2.2 < z < 3.5 
•  Sky area: 14,000 – 18,000 square degrees 
•  Number of redshifts: 20 – 35 million 
•  Medium resolution spectroscopy, R ~ 3000 – 5000 
•  Spectroscopy from blue to NIR 
•  Automated fiber system, Nfiber ~ 4000 – 5000 

11 

New 3° field-of-view 
corrector 

5000 fiber actuators 

New spectrographs 

Mayall  
    4-m  
        Telescope 
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New 3° field-of-view 
corrector 

5000 fiber actuators 

New spectrographs 

Mayall  
    4-m  
        Telescope 

Broad Scientific Goals 

9 

Ref: P. McDonald (LBL)  

Improvement over Planck + BOSS (normalized to 1.0): 
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Neutrino	  Mass	  from	  CMB	  	  
	  Duncan	  Hansen	  	  
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Breaking polarization into E- and B-modes, lensing has qualitatively 
different behaviour in polarization.

«E-mode» «B-mode»



B	  modes	  detected!	  

Lensing B modes now detected at 7.7σ significance.

«B mode view» «Lensing view»

Lensing B modes now detected at 7.7σ significance.

«B mode view» «Lensing view»

7.7σ	  	  



B	  modes…	  smaller	  systema9cs	  

�C��
l /C��

l

SPT/ACT (~15uK’, 1’)

Planck (30uK’, 1’)

van Engelen et. al. 
(590deg2 )Planck

1/2 sky at ACT/
SPT noise levels.

�
X

m⌫ = 25meV

N��
l

SPTpol 1st season
(10uK’, 1’)

3rd generation expt.. 
(4uK’, 1’, 6% sky)

Stage IV expt. 
(1uK’, 1’, 50% sky) �C��

l /C��
lN��

l

Now

~5 years.

~ 10 years.

Next ~3 years, ACTpol, SPTpol, Polarbear

B	  modes	  Other	  (<230	  meV)	  



Dark Energy Survey

Cerro Tololo Inter-American Observatory
2
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OVERVIEW

7

SV Accomplishments 
� Data flowing to NCSA 
� First Cut Processing 
� Verified proper signal and noise levels 
� Astrometric solution with 20 mas RMS 
� Fixed faulty primary mirror support 
� OBSTAC runs properly 
� SISPI (DAQ) works, improved 
� AOS control of focus and collimation 
� Look Up tables for pointing 
� Cross talk measured, saturation detected 
� Documentation 
� Quick Reduce works, enhanced 
� SN fields selected, templates 
� SN pipeline works 
� Photometric calibration regimen in place 
� Repeatability to 0.02 mag verified 
� Color terms as expected (except Y) 
� Mirror cooling recommissioned 
� RASICAM working 
� Fringing measured, stable and small 
� Detector non-linearities identified 
� RA damper motor recommissioned 
� Vastly improved tracking 
� Ghost & scattering sources identified 
� Photo-z calibration fields imaged 
� BCAMS operating 
� ��
��������� 

Marcelle Soares-Santos ◆ DES SV ◆ DPF Meeting ◆ Aug 16 2013

GUIDER JUMPS

9

# of jumps/hour

Fixed 

Observers, Eyeball Squad 

Diagnosis: 
Unusual force on mirror 
hardpoint when guider  
corrections jump 
(TCS Database) 

Solution: 
Replace broken controller 
for mirror support 
(Mamac) 

DES Science Verification, K. Honscheid, DES Pre-Operations Review, April 2013

Marcelle Soares-Santos ◆ DES SV ◆ DPF Meeting ◆ Aug 16 2013

SUMMARY
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darkenergysurvey.org

NGC 1365

DES	  
Commisioning	  



Huan	  Lin	  /	  DES	  

Huan Lin, DES Photo-z's, DPF Meeting, UC Santa Cruz, 16 Aug 2013                                                      9 

Plots generated 
using Python code 
of M. Carrasco 

 
 
Top left:  Photo-z vs. spectro-z 
 
Bottom left: Photo-z – spectro-z, normalized 
by photo-z errors, and Gaussian fit 
 
Bottom right: Photo-z redshift distribution 
compared to true redshift distribution 
 
 

Example photo-z results,  
for DESDM neural network method 

Photometric	  Red	  Shil	  Calibra9on	  
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EVOLUTION OF LARGE 
SCALE STRUCTURE

3

Borgani & Kravtsov 2011 

DE

w/o
DE

250 Mpc/h
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CLUSTER SAMPLES
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AA49CH11-Allen ARI 2 August 2011 10:40
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Figure 1
Yields from modern surveys of clusters used for cosmological studies are shown, with symbol size
proportional to median redshift. Samples selected at optical ( gray filled circles), X-ray (red squares), and
millimeter (blue triangles) wavelengths are discussed in Section 3.2. Stars and horizontal lines (purple) show
full sky counts of halos expected in the reference !CDM cosmology (see Section 2) with masses above 1015

and 1014 M!. Such halo samples have median redshifts of 0.4 and 0.8, respectively.

proportional to median sample redshift, and symbol types encode the selection method. The stars
at far right show theoretical estimates of the all-sky number and median redshift of halos with
masses above 1014 M! and 1015 M!. The former mass limit roughly marks the transition from
galaxy groups to galaxy clusters, whereas the latter marks the deepest potential wells with ICM
temperatures kT ! 5 keV. Current surveys have made good progress, but the full population of
clusters remains largely undiscovered.

Optical and X-ray surveys have the longest histories, but these traditional methods are being
complemented by new approaches. Space-based surveys in the near-IR extend optical methods to
z > 1 (Eisenhardt et al. 2008, Demarco et al. 2010), and the first few clusters identified by their
gravitational lensing signature have been published (Wittman et al. 2006). Ongoing millimeter
surveys have released the first sets of clusters discovered through the Sunyaev-Zel’dovich (SZ)
effect (Marriage et al. 2010, Vanderlinde et al. 2010, Planck Collaboration 2011a), with the promise
of much more to come.

Panoramic, multiwavelength surveys of common sky areas offer profound improvements to our
understanding of clusters as astrophysical systems, which in turn further empowers their use for
cosmological studies. And while considerable challenges to interpretation and modeling of survey
data certainly exist, a halo model framework, discussed in Section 2, is rising to meet this task.

1.2. Cosmic Calibration via Simulations
A feature common to many techniques that study dark energy is the nature of the input data, which
consist of catalogs of properties, x, of discrete objects that lie along our past light-cone. Upcoming
wide-field surveys should generate x-catalogs of large dimension that will be distilled to constrain

412 Allen · Evrard · Mantz
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VT CLUSTERS
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Cluster	  
Finding	  
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5

DES Supernova Survey at a glance

5

Dark Energy Survey Current Major Survey 
(SNLS: Megacam @ CFHT)

Number of 
Type Ia SNe

~3500
(Photometric typing)

~500
(spectroscopic typing)

Redshift range up to z ~ 1.2
(deep z band)

up to z ~ 1.0

Fields 10 pointings @ 3 deg2

(8 “shallow”, 2 “deep”)
4 pointings @ 1 deg2

(all “deep”)

Cadence ~5 day cadence over 5 
months

(similar)

Spectroscopic 
Follow-up

Subset of candidates 
observed by 4-10m class 
telescopes

All SN Ia candidates confirmed at 
4-10m class telescopes

Supernova	  
Finding	  

 

17

Science Verification: Supernovae

z = 0.243
DES12C1b
(636359)



Carlos	  Cunha	  /	  Dark	  Energy	  Survey	  

        Josh Frieman, AAS Special Session on DES 
                         Seattle, Jan. 11, 2011 25 

Synergy$with$SPT$

Cross. cal. using only 
SZ ∩ OPT 

Full cross-calibration 

SZ (SPT) 

OPT (DES) 

SZ + OPT 

Cunha'(2009)'

WMAP3'

SZ+OPT over the same patch of 
sky = 2x better than if in different 
parts of the sky (Cunha 2009)'

Supernovae$–$early$results$

•  5'Type'Ia'and'2'Type'II'already'spectroscopically'confirmed.'
•  500'good'candidates'scheduled'for'spectroscopic'followKup'next'season.'

Marcelle Soares-Santos ◆ DES SV ◆ DPF Meeting ◆ Aug 16 2013

TIMELINE

2

Construction: 2008–2011

Installation: Feb–Aug 2012

Commissioning: 
Sep–Oct 2012

Science Verification:
Nov–Feb 2013

DES: next 5 years



Eric	  Suchtya	  /	  DES	  
From strong to weak lensing

12

Mass & light maps

17

redMaPPer galaxy distribution at z=0.35SaWLens WL mass reconstruction

Preliminary	  
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Lensing	  from	  Magnifica9on	  
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Lensing	  from	  Magnifica9on	  



Eric	  Suchyta/	  DES	  

What we gain from combining shear and 
magnification:

shear magnification

Lensing	  from	  Magnifica9on	  



Fron9ers	  

Beam	  
Dump	  



Fron9ers	  

Beam	  
Dump	  



Trinity	  



Calamity 
Jane!

Wild Bill 
Hickok!



Martha Jane 
Canary!

Wild Bill 
Hickok!

Al 
Swearengen!



Voyageurs	  


