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Why helical?

Protected: Helicity is conserved in ideal MHD.

Inverse cascade: Evolution from small to large length scales.

Predicted in matter-genesis scenarios: via baryon # violation.

Enhances detectability: via parity odd signature.



Baryon number violation produces helical magnetic fields.
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• sphaleron = twisted monopole-antimonopole

• sphaleron decay produces helical B (numerical and analytical)

Taubes; 
Manton; 

Manton&Klinkhamer;
TV & Field; 

Hindmarsh & James.

H(t) =
�

d3x A ·B

Copi, Ferrer, TV & Achucarro, 2008
Diaz-Gil, Garcia-Bellido, Perez & Gonzalez-Arroyo, 2008

Chen, Dent & TV, 2010

Baryon number violation in standard model proceeds via a “sphaleron”.



Cosmological magnetic helicity
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Statistical Description:



What is a good strategy to detect & measure 
magnetic helicity?

i.e. not just B but the twisting of B.

Kahniashvili & Vachaspati, 2006 (cosmic rays)
Tashiro & Vachaspati, 2013 & 2015 (gamma rays)



Cascade halos from TeV blazars
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Gould & Schreder, 1967; Coppi & Aharonian, 1998; ..... Neronov & Semikoz, 2009

DTeV ⇠ 100 Mpc, De ⇠ 30 kpc, D� ⇠ Ds ⇠ 1 Gpc

inverse
Compton
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FIG. 1. The blazar on the left beams TeV photons within a jet of opening angle ✓j . The observer is most likely located at
the edge of the jet, not on the axis. TeV photons pair produce after propagating a distance DTeV. The pairs are bent by
ambient magnetic fields and up-scatter CMB photons that propagate a distance D� to the observer. The emission angle ✓e,
the observation direction ⇥, the distance to the source Ds, and the pair creation and IC scattering event positions, (xLi, �xi),
(xLf , �xf ) are also shown.

corresponds to the energy Ee ⇡ ETeV/2. Since the opening angle of the electron-positron pair is very small, of order
me/Ee ⇠ 10�7, the direction Pi is the same as the direction of the initial TeV gamma ray.

The momentum of the electron changes on propagation due to the Lorentz force,

P (t) = Pi + q

Z t

ti

dt

0
v(t0)⇥B(x(t0)) (5)

where q = ±e is the electron/positron charge, x(t) and v(t) are the position and velocity of the electron (or positron),
namely v(t) = ẋ(t) where the overdot denotes di↵erentiation with respect to time. (For convenience, from now on we
shall refer to the charged particle as being the electron.)

We will now decompose all vectors in components parallel and perpendicular to the source direction. For example,
the momentum and the position of the electron at time t is decomposed as

P (t) = PL(t) + �p(t), x(t) = xL(t) + �x(t), (6)

where the subscript L means the component parallel to the source direction (line-of-sight for TeV source). Therefore,
the vector �p(t) and �x(t) are the deviations induced by the magnetic field.

In terms of the decomposed components, Eq. (5) can be written as

PL(t) + �p(t) = PLi + �pi + q

Z t

ti

dt

0 [vL(t
0) + �v(t0)]⇥B(x(t0)), (7)

where PLi and �pi are the momentum components at time t = ti. Note that at this stage, instead of replacing x by
xL in the argument of B, we perform the integration along the actual path x(t). This is important if the magnetic
fields have significant power on small scales, i.e., a blue spectrum.

The bending angle of the electron is estimated as � = De/RL ⇠ 1.2 ⇥ 10�3[B/10�16 G][ETeV/10 TeV]�2 where
RL = Ee/qB is the Larmor radius. Here we have assumed a magnetic field coherence scale larger than De; otherwise
the electron trajectory would be di↵usive yielding a smaller estimate for �. Then the maximum deviation from the
source direction is �xi ⇠ 90 kpc(1�DTeV/Ds)[B/10�16 G][ETeV/10 TeV]�3. Since the bending angle is small, we can
treat �p, �x and �v as perturbations. To linear order in the magnetic field strength, Eq. (7) becomes

�p(t) = �pi + q

Z t

ti

dt

0
vL(t

0)⇥B(x(t0)). (8)

The electron energy Ee is constant during this process, since a magnetic field does no work. Dividing Eq. (8) by
Ee, we obtain the velocity,

�v(t) = �vi +
q

Ee

Z t

ti

dt

0
vL(t

0)⇥B(x(t0)), (9)

e+e�



Missing GeV photons attributed to B > 10�16 Gauss.Fig. 1: A comparison of models of cascade emission from TeV blazars (thick solid black curves)
with Fermi upper limits (grey curves) and HESS data (grey data points). Thin dashed curves
show the primary (unabsorbed) source spectra. Dotted curves show the spectra of electromag-
netic cascade initiated by pair production on EBL. Vertical lines with arrows show the energies
below which the cascade emission should be suppressed.
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Hess data

primary (unabsorbed) 
spectrum

processed spectrum

cascade

FERMI bound

missing
GeV photons

Plasma instabilities? Broderick, Chang & Pfrommer, 2012

A Lower Bound? B-Detection?
Neronov & Vovk, 2010;  Ando & Kusenko, 2010; Essey, Ando & Kusenko, 2011; 

Chen, Buckley & Ferrer, 2015.

Uses spectral information alone.



Stacked Analyses
Ando & Kusenko, 2010; Chen, Buckley & Ferrer, 2015.

Hints for cascade photons from (stacked) sources.
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FIG. 1. γ-ray counts maps of the stacked sources in the 1GeV-
1.58GeV energy bin. The large circles show the outer edge of
the detection region. (a) Counts map of the 24 stacked low-
redshift HSP BL Lacs. (b) Smoothed counts difference be-
tween the stacked BL Lacs and the center-normalized stacked
FSRQs. Positive values indicate the BL Lacs’ counts is greater
than the FSRQs’.
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FIG. 2. Angular distribution of photon events around the
stacked pulsars (black), the stacked FSRQs (red), and the
stacked BL lacs (blue): vertical errors are the 95% confidence
intervals; horizontal errors show the size of angular bins.

understanding of the PSF is critical for this type of study.
Pulsars with unresolved pulsar wind nebulae (PWN) can
be used as calibration sources since they are effective
point sources for Fermi-LAT [5, 7]; here we choose the
Crab and Geminga pulsars as our calibration sources.
No evidence for a PWN has been found associated with
Geminga [16] making it a natural choice. The size of

the Crab PWN is about 0.05◦ [17], which is smaller than
Fermi’s angular resolution, providing us with a second
good source for verifying the PSF. To compare different
angular distribution profiles of different stacked sources,
we calculate and remove the diffuse background for each
source, sum the background-subtracted counts and then
normalize the profiles. We calculate the angular pro-
files for stacked pulsars (Crab and Geminga), the 24 BL
Lacs, and the 26 FSRQs, as shown in Fig. 2. The errors
give the 95% confidence intervals of getting the number
of counts in each angular bin. The angular profiles for
stacked pulsars agree with the up-to-date PSFs in each
energy range [10]. However, the normalized angular pro-
files of stacked BL Lacs have a lower scaled counts per
unit solid angle in the inner regions (small θ), provid-
ing evidence for extended emission since the additional
counts in the extended halo reduce the scaled counts at
small angles after normalization. The deficit in counts at
small θ (evidence for extended emission) is more signifi-
cant at lower energy ranges, consistent with the expecta-
tion that the angular extent of the halo is larger at lower
energies, as indicated in Eq. 1. In contrast, the angular
profiles of the stacked FSRQs are indistinguishable from
our surrogate point-source data from pulsars, as shown
in Fig. 2.

STATISTICAL EVIDENCE FOR PAIR-HALO

EMISSION AND ESTIMATION OF THE IGMF

To model the normalized angular profiles g(θ), we use

g(θ; fhalo,Θ) = fhaloghalo(θ;Θ) + (1− fhalo)gpsf(θ), (2)

where fhalo is the fraction of the pair halo component,
gpsf(θ) is the PSF and ghalo(θ;Θ) is a Gaussian function
of θ in the small angle approximation convolved with
the PSF. Then, the number of photon events in the i-th
angular bin is estimated by

λi(fhalo,Θ,λb,i, N
∗) = (N∗gi + µb)Ωi, (3)

where gi is the discrete value of the normalized angular
distribution g(θ) given by Eq. 2, N∗ is a normalization
factor, µb is the assumed uniform background counts per
unit solid angle, and Ωi is the solid angle of the i-th bin.
For a given configuration of the angular bins, a set of
estimators {λi} is a function of fhalo, Θ, µb, and N∗.
Maximum likelihood estimation is used for the model

fitting. The likelihood L is defined in the 4-dimensional
space of the model parameters, x = (fhalo,Θ, µb, N∗), as
the joint probability for a number of Poisson processes of
getting a set of observed γ-ray counts in all the n angular
bins {Ni}(i = 1, 2, ..., n) with Nbg background counts in
the background bin:

L(x|{Ni}) =

(

n
∏

i=1

P (Ni|λi)

)

× P (Nbg|µbΩbg), (4)



Elyiv, Neronov & Semikoz, 2009
A. Long & TV, 2015

Halo Morphology: Simulations
Non-helical B. Single mode.



A. Long & TV, 2015

Halo Morphology: Simulations
Helical B. Single mode.
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FIG. 4: Energy dependent sky map for four di↵erent cases with B = 10�15 G and Ds = 1Gpc. The top and bottom panels
correspond to maximal negative and positive helicitiy, respectively. In both cases the left side stands for the magneic field
coherence length LB = 34Mpc while the right one represents LB = 225Mpc.

at the observer from the directions which they can end
up at due to this circular motion. The broadening for the
large opening angle of the jet happens again due to the
additional momentum components perpendicular to the
magnetic field which arise due to the random emission.
It should be noted here that eventhough the opening an-
gle is 5.73 deg further analysis shows that almost none of
the photons resulting from primary photons which have
an angular deviation of more than 0.05 deg from the or-
thogonal direction reach the observer. Even more, this
value is true for small primary energies, while for larger
ones it gets even closer to zero.

The case of an arbitrary orintation of the magnetic
field, for which two manifestations are shown in Fig. 3,
delivers results which, as might be expected from the pre-
vious discussion, give sky maps the morphology of which
lies between the two extreme case dicussed before. Here
it is interesting to acknowledge that while the collimated
jet case once more gives clear results, the open jet is re-

markably washed out. Since that, however, is the case
which would be seen in real observation, once can see
that the orientation of the magnetic field might still be
obtained from the detected shape from both its spread
and asymmetry.

C. The Role of Magnetic Helicity

In order to quantify the role of magnetic helicity, we
use the Q statistics which has been intorduced in [32–34].
The key element here is to energy and the arrival direc-
tion of gamma rays at Earth. Then, for any three subsets
of particles, defined by three corresponding energies E

1

,
E

2

and E
3

with E
1

< E
2

< E
3

, the Q statistics given by

h<0

h>0

L=34Mpc L=225Mpc
B=10E-15 G

Preliminary: Batista, Saveliev, Sigl & TV, in progress

Monte Carlo Simulations
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FIG. 5: Plots of the Q statistics in dependence of R as defined in (25) for a jet with an opening angle of 5.79 deg directed
such that the observer is located just at the edge of the opening cone. The distance to the source is Ds = 1Gpc, the coherence
length of the magnetc field is LB = 34Mpc, while its field strength is B = 10�15 and its helicity has its maximum negative
value. The corresponding legends give the triples E1, E2, E3 of the energies in eV desribed in Sec. III C.
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FIG. 6: Plots of the Q statistics in dependence of R as defined in (25) for a jet with an opening angle of 5.79 deg directed
such that the observer is located just at the edge of the opening cone. The distance to the source is Ds = 1Gpc, the coherence
length of the magnetc field is LB = 225Mpc, while its field strength is B = 10�15 and its helicity has its maximum negative
value. The corresponding legends give the triples E1, E2, E3 of the energies in eV desribed in Sec. III C.

Preliminary: Batista, Saveliev, Sigl & TV, in progress
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Earth

AGN blazar jet

patch of

R

angular radius 

DTeV(E3)

DTeV(E1)

n̂3

n̂1

E3

E1

DTeV(E2)

E2

Figure 1. A collimated jet emanates from the source AGN. Very high energy photons propagate a short distance, DTeV(E3), and

then pair-produce. The charged pairs propagate a very short distance (too small to be shown) and then inverse Compton scatter CMB
photons to GeV energies that are then observed to come from a direction n̂3. Lower energy photons from the source propagate a larger
distance, DTeV(E1), before producing pairs, that then produce cascade photons seen to come from direction n̂1. The statistics, Q(R), is

the average of the triple product of the vectors n̂1, n̂2 (not labeled in the diagram) and n̂3 in a patch of radius R where E3 > E2 > E1.

Most recently, we have extended the scheme to look for parity odd signatures in gamma rays from a single source to the

di↵use gamma ray background over the entire sky (Tashiro et al. 2014). This extension is particularly necessary if the cascade

deflections are large and the observed GeV gamma rays are not obviously associated with any TeV blazar source. Further,

we have applied our scheme to the di↵use gamma rays observed by Fermi-LAT, and find a significant parity odd signal.

Interpreted in terms of a helical magnetic field, we find a field strength ⇠ 10�14 G on intergalactic scales with left-handed

helicity.

If ongoing observations continue to confirm the parity odd signal, we should be able to use the gamma ray signal to

reconstruct spectral properties of the intergalactic field. More specifically, the equal-time correlation function of a stochastic,

isotropic, magnetic field in Minkowski spacetime can be written as (Monin & I’Aglom 1971)

hBi(x)Bj(y)i = MN (r)
⇣
�ij �

rirj
r2

⌘
+ML(r)

rirj
r2

+MH(r)✏ijlr
l, (1)

where r = x� y and, due to the divergence free condition of magnetic fields,

MN (r) =
1
2r

d

dr
(r2ML(r)). (2)

We would like to relate the “normal” and “helical” power spectra, MN and MH , to correlators of the observed cascade GeV

gamma rays. In Tashiro et al. (2014), we had related MH(r) to a parity odd correlator of cascade gamma rays from a known

source. In the present paper we will extend that analysis to the case of di↵use gamma rays, when the source locations are not

known. Further, if MH 6= 0, it allows for a new way to also estimate the normal power spectrum from correlation functions of

cascade gamma rays.

In Sec. 2 we will introduce our strategy in more detail, first in the context of a single source, then in the context of many

sources and when additional non-cascade photons are present in the data. We will find that the parity odd signal can be a

valuable tool for extracting information not just about the magnetic field but also about the relative number of cascade and

non-cascade photons, which is related to the number of TeV blazars. In Sec. 3 we make predictions for the parity odd signal

if the magnetic field correlator has a simple power law form. We conclude in Sec. 4 where we also discuss limitations of the

present analysis. In Appendix A we relate the sign of the parity odd statistic to the handedness of the magnetic field.

2 PARITY ODD CORRELATORS OF GAMMA RAYS

Consider a TeV blazar at redshift zs. The emitted TeV gamma rays interact with the EBL to produce electron-positron pairs

over a mean free path (Neronov & Semikoz 2009) (see Fig. 1)

DTeV(ETeV) ⇠ 80


(1 + zs)2
Mpc

✓
ETeV

10 TeV

◆�1

, (3)

where  is a numerical factor which accounts for the model uncertainties of EBL. Here we take  ⇠ 1 (Neronov & Semikoz

2009).

c� 0000 RAS, MNRAS 000, 000–000

Q(R) = hn1 ⇥ n2 · n3iR

Cascade halos from (unseen*) blazars.

*Hundreds of unseen blazars for every seen blazar.



Gamma ray correlators
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FIG. 1. Events at two di↵erent energies sample the magnetic field in regions of size De ⇠ 30 kpc (solid lines at the vertices of
the triangles). The regions themselves are separated by distance r which can be ⇠ 100 Mpc depending on the energy di↵erence
of the two events. (Figure taken from Ref. [3].)

the observation plane. Similarly, another photon of energy E2 arrives at ⇥2. Note that the line-of-sight to the source
defines the origin on the observation plane.

Let us now define

F (E1, E2) = h⇥(E1) ·⇥(E2)i, (2)

G(E1, E2) = h⇥(E1)⇥⇥(E2) · x̂i, (3)

where x̂ is perpendicular to the plane of observation and points towards the source, and the ensemble average is over
all observed photons from the blazar. In Ref. [3] it was shown that

F (E1, E2) /
1

2
MN (|r12|), (4)

G(E1, E2) /
1

2
MH(|r12|)r12. (5)

where MN and MH are the normal and helical correlation functions of the intervening magnetic field and defined by

hBi(x+ r)Bj(x)i = MN (r)
h
�ij �

rirj

r

2

i
+ML(r)

rirj

r

2
+MH(r)✏ijlr

l
. (6)

The distance r12 in Eqs. (4) and (5) is given in terms of the energies,

r12 ⇡ DTeV(E1)�DTeV(E2) (7)

with

DTeV(ETeV) ⇠ 80


(1 + zs)2
Mpc

✓
ETeV

10 TeV

◆�1

, (8)

where zs is the redshift of the source and  is a parameter that depends on the EBL. We will take 1+ zs ⇠ 1 and  ⇠
1 [14]. The overall proportionality factors in Eqs. (4) and (5) depend on geometrical parameters such as the distance
to the source and the energies, and will not be important for what follows. Note that r12 is positive if E1 < E2 because
higher energy photons from the blazar produce electron-positron pairs more easily and so DTeV(E1) > DTeV(E2).

Here we will only be interested in the helical correlator, i.e. in G(E1, E2), as this is a measure of CP violation.
The correlation G(E1, E2) is defined only if the TeV blazar is visible, since the vectors ⇥ originate at the location

that the line of sight intersects the observational plane. What if the TeV blazar is not visible? We can still measure
the helicity of an intervening magnetic field by noting that the highest energy photons deviate the least from the
source position. Thus we can approximate the position of the blazar by the position of the highest energy photon and
the relevant correlator is

G(E1, E2;E3) = h(⇥(E1)�⇥(E3))⇥ (⇥(E2)�⇥(E3)) · x̂i, (9)

G(E1, E2) = h⇥(E1)⇥⇥(E2) · x̂i /
1

2
MH(|r12|)r12

Relate correlators of arriving gamma rays to magnetic field correlators:

Different energy combinations probe magnetic field on different length scales.

Tashiro & TV, 2013
Kahniashvili & TV, 2006

hBi(x+ r)Bj(x)i = MN (r)
h
�ij �

rirj
r2

i
+ML(r)

rirj
r2

+MH(r)✏ijlr
l



Scheme
3

and we will always assume the ordering E1 < E2 < E3.
Di↵use gamma rays are observed on a sphere (the sky) and not on a plane and so the statistic G(E1, E2;E3) needs

to be modified suitably. We propose the statistic (which is almost our final expression),

Q

0(E1, E2, E3) = h(n(E1)� n(E3))⇥ (n(E2)� n(E3)) · n(E3)i = hn(E1)⇥ n(E2) · n(E3)i, (10)

where n(E) denotes the (unit) vector to the location of the photon of energy E on the sky.

E3

E2

E1

left-handed

E3

E2

right-handed

E1

Patch of radius R

OR

FIG. 2. Illustration of the cut-sky with gamma rays distributed on it. Patches of radius R degrees are centered on the highest
energy gamma rays. In those patches we test if the lower energy photons are distributed along left- or right-handed spirals.

The problem with Q

0 is that we cannot be sure that the photon of energy E3 corresponds reasonably to a source
for cascade photons. Also, in the case when the TeV source was known, the ensemble average is taken over all cascade
photons originating from the source. In our case, we don’t even know if there is a source, let alone which photons
originate from a cascade and which do not. However, if we work on the hypothesis that some of the photons that
are not too far away from the location of E3 originate from the same source and are possibly due to a cascade, the
statistic should still make sense if we restrict the average to a region close to the location of the E3 photon. To do this
we can introduce a window function that will preferably sample E1 and E2 photons close to the chosen E3 photon.
The simplest implementation, and the one we have chosen, is to use a top-hat window function with a radius that
we treat as a free parameter. Further, we ensemble average over all E3 photons since we do not know if any given E3

photon is due to a TeV source. Then, our final expression for the statistic is

Q(E1, E2, E3, R) =
1

N1N2N3

N1X

i=1

N2X

j=1

N3X

k=1

WR(ni(E1) · nk(E3))WR(nj(E2) · nk(E3))ni(E1)⇥ nj(E2) · nk(E3), (11)

where the indices i, j, k refer to di↵erent photons and the top-hat window function WR is given by

WR(cos↵) =

⇢
1, for ↵  R

0, otherwise. (12)

With a top-hat window function, the statistic can also be written as

Q(E1, E2, E3, R) =
1

N3

N3X

k=1

⌘1 ⇥ ⌘2 · nk(E3) (13)

where

⌘a =
1

Na

X

i2D(nk,R)

ni(Ea), a = 1, 2 (14)

Q(R) = hn1 ⇥ n2 · n3iR

Tashiro, Chen, Ferrer & Vachaspati, 2014



Patches on the galactic sky
R



— Implement —

Find Q(R) = hn1 ⇥ n2 · n3iR using existing data.



Fermi-LAT CLEAN data
4

10-20 GeV 20-30 GeV 30-40 GeV 40-50 GeV 50-60 GeV

North(> 60�) 3098 772 345 168 73

South(> 60�) 2816 661 281 126 74

Total (> 60�) 5914 1433 626 294 147

North(> 70�) 1322 340 156 79 40

South(> 70�) 1146 276 120 57 30

Total (> 70�) 2468 616 276 136 70

North(> 80�) 276 74 31 19 9

South(> 80�) 293 59 20 14 12

Total (> 80�) 569 133 51 33 21

TABLE I. Number of photons for each energy bin.

Energy bin 10-20 20-30 30-40 40-50 50-60

PSF [arcmin.] 3.85 2.73 2.45 1.99 1.82

TABLE II. Point spread function in arcminutes for each energy bin.

and D(nk(E3), R)) is the “patch” in the sky with center at the location of nk(E3) and radius R degrees. Essentially,
Q is given by the average of the radial component of ⌘1 ⇥ ⌘2 taken over all patches in the sky centered on photons
with energy E3, and ⌘a are the average locations of photons of energy Ea within a patch.

An intuitive picture for the meaning of the correlator is shown in Fig. 2. We observe photons of three di↵erent
energies (illustrated by three di↵erent colors) on the cut-sky away from the galactic plane. We assume that the highest
energy E3 photons approximately represent the source directions. Lower energy (E1 and E2) photons in patches of
some radius R around the position of the E3 photon are more likely to be from the same source. Then we consider
the vectors in the patches as shown in Fig. 2 and ask if the directed curves from E3 to E2 to E1 are bent to the left
or to the right, i.e. are the photons of decreasing energy in patterns of left-handed or right-handed spirals? A positive
(negative) value of the statistic Q implies that there is an excess of right-handed (left-handed) spirals in the gamma
ray sky.

In the next section we will find Q using data from the Fermi satellite.

II. EVALUATION OF Q FROM FERMI DATA

We measure the value of Q on the high-latitude emission detected by the Fermi-LAT, using ⇠ 60 months of data.
The data were processed with the FERMI SCIENCE TOOLS [15] to mask regions of the sky heavily contaminated
by Galactic di↵use emission and known point sources. We selected LAT data from early-August 2008 through mid-
August 2013 that were observed at galactic latitudes, |GLAT | � 50�. To ensure that the events are photons with high
probability, we use the Pass 7 (V6) CLEAN instrument response function. Contamination from photons produced by
cosmic-ray interactions in the upper atmosphere is avoided by excluding events with zenith angles greater than 105�.
In addition, only data for time periods when the spacecraft’s rocking angle was below 52� were considered. Since
we are interested in the di↵use emission, we mask out a 3� angular diameter around each source in the First LAT
High-Energy Catalog [16].

We restrict our analysis to the energy range 10�60 GeV where the point spread function (PSF) of the instrument is
small enough, and we bin the data in 5 linearly spaced energy bins of width �E = 10 GeV. We will label events with
energies in (E,E +�E) by E, e.g. 10 GeV photons refers to data in the (10, 20) GeV bin. The number of photons in
each bin and in di↵erent regions are shown in Table I.

Then we evaluated Q using Eq. (13) for patches of radius R = 1��15� and for each of the six possible combinations

(E1, E2) [GeV] (30, 40) (20, 30) (20,40) (10,20) (10,30) (10,40)

r12 [Mpc] 15.0 23.3 38.2 43.7 66.9 81.9

TABLE III. The spatial separation scale corresponding to the pair of energies (E1, E2). Note that we have calculated the
distance from the centers of the energy bins using Eqs. (7) and (8) with the rough assumptions 1 + zs ⇠ 1,  ⇠ 1.

Don’t know which photons are “cascade” (signal) 
and which are “non-cascade” (noise).

(through mid-September 2013)



Fermi-LAT Exposure

Reconstruction of intergalactic magnetic field spectra from parity-odd correlators of observed di↵use gamma rays 3

Figure 1. make sure ultraclean and correct weeks. And also error bars according to isotropic assumption. FF: Should we use same

colors? E.g. green error bars, . . . TV: I am ok with these magenta (correct?) error bars. They might actually show

better in the black and white printed version. We can check by printing the paper.

(E1, E2) (10,20) (10,30) (10,40) (20,30) (20,40) (30,40)

(Rpeak)data ? 19

�
13

�
? 13

�
11

�

(Qpeak)data ⇥ 10

6
? �92 �242 ? �204 �177

Table 1. The peak locations and amplitudes. There is no well-identified peak in the (10,20) and (20,30) energy combinations.

Figure 2. Fermi-LAT time exposure maps in the five energy bins. TV: would be nice to show |b| = 60

�, 80� latitudes as dashed

lines.

c� 0000 RAS, MNRAS 000, 000–000



Model Q(R): features

Peak in Q(R):  Q(R) goes to zero at small R because of 
patch size, and at large R because of contamination by background.

Location of peak: depends mainly on E2.

Rpeak(E2) ⇡ Rpeak,0

 
E(0)

2

E2

!3/2

Height of peak: depends on magnetic correlation function 
M_H. Use height to reconstruct M_H.

 Sign of peak: all peaks should have the same sign as B handedness 
(assumes small bending).

based on model: Tashiro&TV



Fermi-LAT Pass 7 
& MC with Exposure

4 W. Chen, B. Chowdhury, F. Ferrer, H. Tashiro, T. Vachaspati

Figure 2. Fermi-LAT time exposure maps in the five energy bins.

Figure 3.

3 EXPOSURE AND RESAMPLING ANALYSES

Fermi-LAT observations do not cover the sky uniformly. The time exposure map is constructed FF: by first creating a

livetime cube with gtltcube and then using gtexpcube2 to obtain full sky exposure maps corresponding to the

ultraclean response function for each energy bin. A plot of the time exposure over weeks 9-328 is shown in Fig. 2.

With the time exposure maps shown in Fig. 2 we run Monte Carlo simulations. The error bars in Fig. 3 are the statistical

c� 0000 RAS, MNRAS 000, 000–000

Q
(R

)
⇥
10

6

R degrees

Statistical significance p~1-3% depending on the exact test.



Milky Way Contamination?

• At R less than ~20 degrees Milky Way contamination is 
minimal (see plots). The 30, 40 GeV data sets are 
especially clean.

• The signal has a peak structure whereas expect Milky 
Way contamination to lead to a monotonically increasing 
signal until very large R (~80 degrees).



10 20 30 40 50 60 R

10000

15000

20000

25000

Nt/A

21444

R3/2
+ 5380

10 20 30 40 50 60 R

2000

3000

4000

5000

6000

7000

Nt/A

5808

R3/2
+ 1311

10 20 30 40 50 60 R
1000

2000

3000

4000

Nt/A

3944

R3/2
+ 640

10 20 30 40 50 60 R
500

1000

1500

2000

2500

Nt/A

2276

R3/2
+ 315

10 GeV 20 GeV

30 GeV 40 GeV



Fermi-LAT Pass 8 data

Significant revision of old data set plus some new data.



P7-Ultraclean vs. P8-Ultracleanveto, b > 80

�
, 50 GeV < E < 60 GeV.

Event ID �b �l �E [GeV] Added/Dropped

5503488 -0.04 0.30 -2.7 –

4890690 0.01 -0.19 -3.1 –

4153460 -0.26 -4.64 4.5 –

15968068 0.04 -0.77 -3.6 –

8820606 -0.05 -0.19 1.0 –

2970731 0.02 -0.50 -3.0 –

4550395 0.01 0.08 -0.5 –

6030395 0.03 0.43 -0.8 –

416328 0.01 1.0 -0.4 –

3628595 0.03 -0.01 2.2 –

4897015 0.08 0.74 -0.2 –

3518924 -0.11 0.58 0.1 –

6336309 -0.07 0.11 1.7 –

3193818 -0.01 0.57 -0.5 –

4677466 0.01 -0.95 -1.3 –

7533363 3.8 0.04 2.8 –

4715735 0.01 -0.03 -0.7 –

6586539 0.01 0.004 -6.6 –

5554658 0.01 0.05 -0.1 –

5082626 0.08 0.12 -1.0 Source in P8

7693919 0.58 -2.25 -2.4 Source in P8

4873062 0.06 0.57 1.8 Source in P8

11159439 0.01 -0.02 -1.8 Source in P8

7316118 – – – Not in P8

4708017 – – – Not in P8

672765 – – – Not in P8

5706981 – – – Not in P8

6745444 – – – Not in P8

5092183 – – – Not in P8

5971682 – – – Not in P8

5475541 – – – Not in P8

4794054 – – – Not in P8

In addition the following new events are new in P8: 1391689, 1851782,

2056790, 2077838, 2126241, 2347872, 2580764, 3045655, 3605689, 3781886, 4086287,

5387126, 5431401, 5627146, 5803756, 5988863, 6122538, 7030348, 7418123, 8332252,

10163628, 10602321, 10828931, 11008279.



Pass7 ULTRACLEAN   week 9 – week 328 
10 GeV – 20 GeV   |GLAT|>50° 
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Pass7 vs. Pass8
Wenlei Chen



Fermi-LAT Pass 7 
& MC with Exposure

4 W. Chen, B. Chowdhury, F. Ferrer, H. Tashiro, T. Vachaspati

Figure 2. Fermi-LAT time exposure maps in the five energy bins.

Figure 3.

3 EXPOSURE AND RESAMPLING ANALYSES

Fermi-LAT observations do not cover the sky uniformly. The time exposure map is constructed FF: by first creating a

livetime cube with gtltcube and then using gtexpcube2 to obtain full sky exposure maps corresponding to the

ultraclean response function for each energy bin. A plot of the time exposure over weeks 9-328 is shown in Fig. 2.

With the time exposure maps shown in Fig. 2 we run Monte Carlo simulations. The error bars in Fig. 3 are the statistical
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Statistical significance p~1-3% depending on the exact test.



Fermi-LAT Pass 8 & MC with Exposure
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Up to week 328 (as in Pass7) but in Pass 8.

Preliminary: Chen, Ferrer, Tashiro & TV, in progress



North/South, week 328, Pass 8
Preliminary: Chen, Ferrer, Tashiro & TV, in progress



Week 369, Pass 8
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Preliminary: Chen, Ferrer, Tashiro & TV, in progress



North/South, Week 369, Pass 8
Preliminary: Chen, Ferrer, Tashiro & TV, in progress



Conclusions

32

Effect of helicity:
• Analysis+simulations show spirals in cascade gamma rays.

Observation of helicity:

• Analysis of Pass8 data hints at a signal but not conclusive (yet).

Virtues of helicity:

• Magnetic helicity *aids* detection of B and allows us to measure 

the magnetic power spectra.

• Helicity can distinguish cosmological/astrophysical fields, 

primordial/causal mechanisms, baryo/lepto-genesis.


