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* Introduction

* Template fitting setup

* Fitting the halo-like excess: is it real? Is it dark matter?
* A new model of the Fermi Bubbles
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The halo-like
emission (HLE,
Totani '25)

21 GeV, NFW—-p° model+residual




Totani '25: a 20 GeV halo-like emission (HLE)

» Totani '25 searches the [-60°, 60°]2 region with |b| < 10° excluded

e |t reports a spectrum peaked at 20 GeV and extended to = 200 GeV

» Best fit by a NFW halo w/ yy — bb w/ mass 0.5 TeV.

pxpw = Pyl (L + 1/r) ™

% -Tc‘)'tah:i 25 "
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Some confirmation is needed

(© Fermi Bubbles (Su+10) ) (> Loop I )

e |sthe HLE real? 60

e |sthe HLE from dark matter *
annihilation?

20

* |s the HLE part of other giant structures o -
in gamma rays? ﬁ

-20

 Loop |, Bubbles, Cocoons

-40

-60 b Fermi Bubbles
60 40 20 0 -20 -40 -60

¢ [deq]

Recomputed: Su+10 edges from the flat template; Loop | as the path length
through its two shells (Wolleben 07).
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Template fitting



Inverse Compton
scattering

Bremsstrahlung

bbles

Fermi
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Weighted sum over all
background & HLE templates

Fermi data

|sotropic
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More mathematically speaking

, _gas 7 P10 ICS &+ ICS HLE ~+HLE
Cip=¢j ®;p +¢;70 7 + ..+ 700

D = Fermi Data

Which weights maximize the log-likelihood?

2InL; = 2 Z In Pois(D; p|Cjp) = Xirior.;
P

Yi-Ming Zhong (CityUHK)

Weighted sum
of templates,

J: energy bins,
p: pixels
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Bremsstrahlung

"Sl_ Z6 RBO T15O C2"

107°E

Inverse Compton
scattering

GCE with 4FGLDF€4 Mask, ROI

Pi0+Bremss
m ICS

TS - Loop I Bright

Ned Res.

Bl Pos Res (Bub
|sotropic

Loop | Dim

___EEE GCE y=1.0

A
107°

107°
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107°E

Inverse Compton
scatterin

'Se/Z6 R30 1150 C2% GCE withA4FGLDR4 Mask, ROI "a"
X T 7 T L_F0+Bremss MM Pos Res (Bub 107°
B ICS |sotropic

G - Loop I Bright Loop | Dim 108
NegRes_ W GCE y=1.0
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Galactic Diffuse Emissions

Inverse Compton

Bremsstrahlung scattering

e 20 GDE sets from Fermi-LAT covering the 47 sky.

e 80 GDE sets from Cholis+ (+YZ) '21 covering the [-30°, 30°] X [-30°, 30°7] sky.

Yi-Ming Zhong (CityUHK)
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We repeat the fit in eight regions of interest

(a) |£] <607, 27 <|bl <60 (b) £ <60, 10° < |b] <30 )| < 60" 7| b] < 60° (d) [¢£ <60 < b <60

 —

(e) |£]<607, 30° < |b| <60 (f) [£/<30°, 27 <|b[| <10 (gl || < 107 < b <20 (h) £ <30 < 0| < 30°

-

—-60 60

Yi-Ming Zhong (CityUHK)
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Fitting the HLE



Four fit schemes, from 6 to 9 free templates

 Data: Fermi-LAT Pass 8, Aug 2008 — Apr 2025; 16 energy bins for 0.275—

028 GeV
Name 2{0] Mask |Templates Diffuse (GDE) models
6-param a,b,c,d, e AFGL-DR4 [m°+brems, ICS, isotropic, Bubbles, Loop |, HLE SLZ6 R30 T150 C2
. . . Fermi-LAT 12 and
0
7-param |a,b,c,d,e, f, g, h|4FGL-DR4 I +brems, ICS, isotropic, Bubbles, Loop | bright, Cholis+ 21 (up to 100
Loop | dim, HLE
models)
0 . .
8-param ab. cd e AFGL-DR4 T +.brems, ICS, |_sotroplc, Pos Res, Neg Res, Loop Sl 76 R30 T150 C2
| bright, Loop | dim, HLE
0 . .
9-param - stani T +brems, ICS, isotropic, Pos Res, Neg Res, Loop Sl 76 R30 T150 C2

| bright, Loop | dim, 4FGL-DR4 sources, HLE
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Reproducmg Totani '25

}—LE Alth Totani's Mask, ROl "¢", 10 pnxelc
| Pi0+Bremss [l Pos Res (Bub) 107°
l ICS Isotropic
Loop | Bright Loop | Dim
4FGLDR4

- - 1
-~ —
- -
S R
-~ =
——— — |[ N — )
-
— | / U
-
— e
- -
= bl — i N SSh S T -
- - -
e = -7
— -~
~ -
— - 1 O
- .
> R
-
-
=

-107°

\\ 10_8

e Jotani’s setup (ROI c, his mask, residual maps): a similar HLE.
* (Grouping pixels shifts every template; the negative map grows.

o falls up to 10x below GALPROP above 10 GeV.

e Loop | Bright: Loop I Dim=1:2,not3:1asinradio.

Yi-Ming Zhong (CityUHK)

10° pixels (Totani)
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Perform our fittings

* Use positive-flux templates (100 sets in total)

* 0.1° x 0.1° pixels

« Mask all 4FGL-DR4 point and extended sources
* Test eight ROls

2 -40 -60

Totani mask

Yi-Ming Zhong (CityUHK) 18



The HLE is real: every region and fit scheme wants it

N

T PE(j+3rérﬁ§.

B CS
Locp | Brgnt

_ Modcl

Bl ">t Cubbles

lenlrop o

Loco

h ]
21T

A0 1150 C2", CGCE with 4FCGLD=R4 Mosk, RO '

—s

11077

{
4

"ID 6

Mad=l
1077

10

. HLE with 4FCLDR4 Mask,

o "EEE “ict Bubbles
scirogic
_00 Cim

B -HLE »=1.0

2iD+3rerss

b: 10° < |b| < 30°
de L Z€ R30 T15 '“':'"._’jLZ with LFCL_J?% Mask,

RCI "¢

HLE with 4-GLDR4 Mes<, ROI "B
B Pid+Bremss M "ot Bubkles 710 = 107PE T T ~i0+3remss WM ¢ ot Cutbles 2 107
— B CS sotrop'e

lealropin

ocp | Dim

) _ £ 107°
HLE ¥=1.0 3

a0 | 3nght

B (CS
Loco | Bright

Loco | 2im

Mode! "5SL 26 ILE with ZFGLDR4 Mask, RO
~ - -5 - - ——T— - - S— - - —
107 Pi0+Bremss @ /2. Bubkles

Bl ICS salropin

Loco | Znght

(3
[ .

200 Y

100

seven-parameter fits; || < 60°; diffuse model SL Z6 R30 T150 C2;
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A significant residual in every region and fit scheme

: X N =N
free normalizations ' 6 (7 ) 8

e |n all ROIs, fit schemes
and density profiles,
adding the HLE/GCE
template improves the fit
by 2A In £ = 10%-107.

L
—
L
€))
-
i
o)
=
Ee
©
(T
-
O
p .
(-
d
p—
<]
N |

region of interest

Table IV, as bars; diffuse model SL Z6 R30 T150 C2. Dotted: 5¢ for 16 extra parameters (one per bin).
w preferred slope.
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It does not depend on the diffuse model either

seven-parameter fits, NFW v =1

102
2A In £ from adding the HLE

Recomputed from the fit outputs: one dot per diffuse model; % Totani's model: dotted: 50. ROl e: 872
to 1,840: ROI h: 335 to 968.

* Every one of the 20 all-sky models (ROI e) and of the 100 models (ROI h)
wants the HLE, at > 5So.

Yi-Ming Zhong (CityUHK)
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The HLE Is significant.
Is It from dark matter annihilation?




* Dark matter fixes how bright the HLE
must be in each region, relative to
the others.

If the HLE were dark matter, one
amplitude would fit every region: all
bands on the line.

Yi-Ming Zhong (CityUHK)

los

p(r)“ds
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No universal amplitude

» Discrepancies for ROIs w/ |b| > 20°
& those w/ |b| < 20°

e ROIs d, e and 1 sit 3—-7x above the
dark-matter line.

 ROI g sits below it.

Yi-Ming Zhong (CityUHK)
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2N L £[°] 1]

The dark mctter rcn"pc»ncw at 5.5 GeV from differant ROls

ot 5.5 GeV and at =0 vs |bl, normalized tc ROl "e"

1077 107"
F— The dark matter annih, prcflo from an NFW with »=1.0

ROl "a" ROI "b" N ROl e
ROI "d" ROl "e" . RO
ROI "g" B ROl "h"

|‘ 1(3_5—

)
>

Wy
‘L‘;| »

p) /
Fexd fb/ ®

350 4()
bl (deg) ot I=0

/-parameter fit; SL Z6 R30 T150 C2
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Any GC-centred halo fails

The dark mctter rcn"pcn«:m at 5.5 GeV from differant ROls

* Any emission that falls off with 107 “"r e motter o, et rom or N m il
distance from the GC (p? or p, any 0l e EEERO b’ N RO o
profile) is dimmer per steradian farther i fm o o

from the GC.
So ROl d = ROl e and ROI g = RO

J

-

-

D]
>

),
sL‘;| »

* The fitsshowe >dand 1 >g.

p) /
Fexd d/c

350 40
bl (deg) ot 1=0

/-parameter fit; SL Z6 R30 T150 C2
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The GCE and the HLE are two distinct components

GCE - f: 2° < |b| < 10° - 100 diffuse models GCE - g: 10° < |b| < 20° - 100 diffuse models

lhe GCE, 100 dftuse bcckground models, 4FGLDR4 Mask, ROI
| — 5 best fit models with y=1.25 | ' '

cmmm 2¢ fit ronge for the 5 best ‘it models with y=1.25

| 5 best tit models with y=1.0

| 2g fit reange for the 5 best ‘it models with y=1.0

L— otner 95 models (y=1.25) other 95 models (y=1.0)

=

105 5 best fit models with : 108
: Emmm 20 fit range fcr the S best fit models with §=1.28 - O

. S best fit models with y=1.0
L
|

~~
T 107

20 fit range fcr the 5 best fit models with =1.0 .
108 —— other 95 models (y=1. other 95 modeals (y=1.0) 107"

-
—

~~
|
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n
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n
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|
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Q
=
Q
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o
E®)
~
g
0O
X
N
o

The HLE, 100 diffuse background models, 4FGLDR4 Mask, ROl "h" The HLE, 20 diffuse background models, 4FGLCR4 Mask, ROI "e"

~ — best ‘it model with ¥=1.25
-mmm 27 fit range for the test fit model with y=1.25
-5 nast ‘it model with ¥y=1.0 10-°
27 fit ronge for the best fit model with ¥=1.0 =
othar 19 mocels (y=1.0 & ¥=1.25

—~ -

10

-2

~

—~
~

——— O best fit models with y=1.25
-~ 20 fit ronge for the 5 oest ft models with y=1.295
10 8; : S best fit models with y=1.0
= 20 fit range for the 5 nest ft models with ¥=1.C
~ — other 95 models (y=1.25) other €5 models (¥

-

E2xde /dE (GeV

107° -
10
E (GeV)
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Two components?

e A second, dark-matter-like halo this
bright would also outshine the GCE
in ROIs f and g.

e |t does not.

Yi-Ming Zhong (CityUHK)

60 e im 2 <60 (b) [¢[<60°, 10° < [b] <30
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The dark mctter rcn”poru:n* at 5.5 GeV from cifferent RO's

1074 1077
— The dark matter annih. prcflo from an NFW with »=1.0
ot 5.5 GeV and at =0 vs |bl, normalized tc ROl "e"

ROI "a" ROl "b" N RO e
ROl "d" ROl "e" . ROl
ROI "g" B ROl "h"

107
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sL‘;| »
L
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.g.
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X
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Lo

350 40
bl (deg) ot 1=0

/-parameter fit; SL Z6 R30 T150 C2
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The HLE trades off against ICS and the Bubbles

e |n the fits, the
and with the

[b| > 20°.

IS degenerate with
, In particular for

 HLE is absorbing some other emission
connected to the Bubbles or the ICS.

 Combining the discrepancy between
high- and low-latitude HLE

— motivates us to remodel the Bubbles.

Yi-Ming Zhong (CityUHK)
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A New Model of the Fermi
Bubbles



Our new Bubbles: flat lobes, Cocoons, Inner Bubbles

Bubbles & Cocoons at 2.24-2.91 GeV

* Flat Bubbles: test different edges

 Cocoons: a tilted prolate pair, 3D rotated
with center at the GC.

* Inner Bubbles: an oblate pair 6 kpc from
the plane
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Slightly wider Bubble edges fit better

edges vs Su+10 (white) | A
60

Improvement: 2A In &£ = 230 — 720

¢ [deq]

Fig. 11, recomputed from the flat templates. Shaded: where the
chosen edges differ from Su+10.

Yi-Ming Zhong (CityUHK)
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The Cocoons: a tilted pair of ellipsoids

2.24-2.91 GeV, scaled to the Cocoons' ROI-c¢ flux
60

( ;;1|;1(;1 1C E
\ rotation :E‘I'J
___Southern—" 3
» Southern Cocoon is brighter than the Northern .
Cocoon.
* |n this parametrization, the pitch puts the :
southern one nearer to us. ¢ [deg]
Fig. 13 (left), recomputed live: uniform emissivity, so brightness « path
P Best_flt 2A ln g p— _I_ 3998 length through each ellipsoid. Inset: side view.

Yi-Ming Zhong (CityUHK)

32



The Inner Bubbles: an oblate pair in place of the HLE

Inner Bubbles at 2.24-2.91 GeV, cut at edges E
60

* Oblate (a < b), unlike the Cocoons; equal
north and south: no tilt.

op o "t8o7

* 6 kpc from the plane.

e Best-fit: 2A In £ = + 5018

I_S
G)
)
<
O
-
-

N
w

|
w
-
=

0
¢ [deg]

Recomputed live (the paper's panel adds the Flat Bubbles). Inset: side
view,; dashed: edges E.
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The new Bubbles absorb most of the HLE

 Replacing the HLE with the Inner
Bubbles: 2A In £ = 5018. (Su+10+ FILE) (edges E) (+ Gocoons) (Jnner Bubbies for FLE)
« With Flat Bubbles + Cocoons, adding
the HLE still gains 2A In £ = 120.

0 + HLE

6,000

—
+
-

)
(7))

~

;4,000

* With the full new model, the remaining

NFW component behaves like the
GCE.

Aln

0
Su+10 edges E

+ HLE + HLE

Recomputed from the log-likelihood files: ROI ¢, five diffuse models. Open circle: the paper's
intermediale i, besl model only (its sleps sum Lo 65 more than the files’ lolal

Yi-Ming Zhong (CityUHK)



On top of the new Bubbles, the NFW component is the GCE

The GCE, 7 diffuse background models, 4FGLDR4 Mask, Inner Galaxy
—~ 1077 =25 pest fit models with y=1.25 | | | 107>
. 20 fit range for the 5 best fit models with y=1.25 |
| = other 2 models (y=1.25)

—

* |Inner Galaxy, |[£| < 20°, 2° < |b| < 20°, 7 diffuse models.

 GCE-shaped spectrum; the 10-50 GeV rise is gone.

Yi-Ming Zhong (CityUHK)
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The background templates look physical again

Model "SL Z6 RZ20 T100000 C3" with 4FGLDR4 Mask, RO "¢
107> = - - - 2i0+Bremss [ Fict Bubbles = 10
B CS Isotropic
—— _oop | Bright Loop | Dim
-\—\—"_"7‘1.1,:_-\ - Cocoons B nner Bubbles

N
N
L -
N
0
)
N
|
Q
>
QL
D
N~
(I
0
™~
O
0
X
o
L)

 ICS and m° now within O(10%) of their predictions.

 Loop | Bright ~ Loop | Dim

Yi-Ming Zhong (CityUHK)
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Inner Bubbles below 2 GeV, Flat Bubbles above 3 GeV

Bubbles & Cocoons at 2.24-2.91 GeV

Fluxes of the Bubbles and Cocoons, with 4FGLDR4 Mask, ROI

B Fict Bubbles, 20 fit range from the 5 best fit models
B nner Bubbles, 20 fit range from the 5 best fit models

Cocoons, 20 fit range from the 5 best fit models

o
o

107°

S

U
O
-

— Best fit model - = = other 19 models

~
o
O

N

I
~
)

o
o

F2xde /dE (GeV cm™ s™' sr7')

l—"L
0
‘0
-
@)
>
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O
L
©
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©
p 4
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L
3
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O
—
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Summary: the HLE is not a dark-matter halo

 The HLE is a significant residual over the standard templates, in every region,
fit scheme and diffuse model.

* |t cannot be a halo centred on the GC: per steradian, ROl e > d and h > g.
« At |b| = 20° it is degenerate with the Bubbles and ICS.

 New Bubbles (wider edges + Cocoons + Inner Bubbles) absorb most of it;
what remains behaves like the GCE.

A much dimmer dark-matter signal at high latitude is still allowed.

Yi-Ming Zhong (CityUHK)
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The 20 Fermi-LAT diffuse models we use

SL Z4 R30 T150 C5

SL Z10 R30 T150 C2

SS Z8 R20 T150 C5

SL Z6 R20 T150 C2

SL Z10 R30 T150 C5

oSS Z10 R30 T150 C5

SL Z6 R20 T100000 C5

SO Z4 R30 T150 C5

SY Z6 R20 T100000 C2

SL Z6 R30 T150 C2

S0 Z6 R30 T150 C2

SY Z6 R30 T150 C2

SL Z6 R30 T100000 C2

SO Z10 R30 1150 C5

SY Z6 R30 T100000 C5

SL Z6 R30 T150 C5

oS Z6 R20 T150 C5

SY Z10 R30 T150 C5

SL Z8 R30 T150 C5

oSS Z6 R30 T150 C2

* Pink: best fit in ROI c; orange: Totani’s model

o SL/SO/SS/SY: cosmic-ray sources - Z, R: halo size - T: spin temp. - C:

E(B-V) cut

e Plus 80 Cholis+ '21 models: 100 in total

Yi-Ming Zhong (CityUHK)
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Reproducing Totani 25

0.1° pixels (ours) grouped to 1° 10° pixels (Totani)

Model "SL Z6 R3¢ 120 CZ', HLE with Totani's Mcsk, ROI "e", 0.- Model "SL 26 30 T120 CZ ', HLE wth Totani's Mcsk, ROl "e",

Model "SL Z6 R30 T150 C2", HLE with Totani's Mask, ROl "e¢", 10 pixels
1077 S o Pi0+Bremss [ Pos Res (Bub)- 107"
B ICS Isotropic

- " . a - " . ar
-1 : FiC+Bremss M Pos kes (Bub)- — 10 : FiC+Brermss M Pos Res (Bub)- It
B C5 lsotrapic e IC5 lsotrapic

Loap | Jright Loop | Dirr : ; » Loap | 3right Loop | Dirr Loop | Bright Loop | Dim

4FCLDRY - — Neg Res 4FCLDR4

B HLE y=1.0 : ' : ~ =« HLE »=1.0

-

4FGCLDR4

e Jotani’s setup (ROI c + Totani mask + residual maps): we find a similar HLE.

* Grouping pixels shifts every template; the negative map grows.

Yi-Ming Zhong (CityUHK)



Eight-parameter fits with Totani’s residual maps

Model "SL 26 S30 T150 CZ", GCE with 4FGLCR4 Mask, ROl "a' S 2300 S0 C2', = with 4FG . nsk, KO ) ndel 'Sl 76 R3C T150 T2, 4LE with 4FGILDRE4 Mask, RO "¢
T 1077 ' PiD+B Bl Pos Res (Buby| 10 107 Pi0+Bremss 'cs R b} : 7 107 Fi0+Zremss [ Pos Res (Bub) 107
B (CS solropi ! o 7 B OS5 solrooic ; o B CS lsclropis
- Loop | Brignt ( 10 S L m——— A TS . Loop | Bright Locp | Uim : T - . | ght Loop | COim
Ned Res. CL =1, o Meq-Res HLE ¥=1.0

A

- =

10

witk 4FG . lask, K s S h R3C T120 T2, HALE with 4FGILDE4 Mask, RD "e

PiD+Bremss Pocs R ub ) 07" . 107 Pi0+3remss WM Pos Res (Bukt)- 107"
B IS solrooic | v/ B ICS Isclropic

Loop | Eright Locp | Dim | ) 4 ————— ght Loop | Cim

10°¢
Meq Res HLE ¥=1.0

With the negative map the HLE is still not p?-like
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Model
% “ F)_:J

| 'C~, |
Pi0+Bremss
S

Model

1 A=D
J

-

-
-
|

Yi-Ming Zhong (CityUHK)

with 4FGLCR4 Mask,

Ty

KCI "b" 'S /76 R3C T150 T2,
110~ =" 1

b: 10° < |b
Model 'S witk 4FG| DR4 Mask

1077 ' PiO+Bremss B Fot Bubbles

Bl Flot Bubbles o IV ,
solropie l v : —~— TS solrooic
: e B — Laop | B HLE y=1.0

witk 4FGI DR4 Mask, RCI ndel 'S n R0 . y H4LE with 4FGILDR4 Mask, RD "e

PiD+Bremss M F ot Bubbles 07 T 107 A Fi0+3remss [ Fict Bubbles - 107"
IS solrooic ‘ v/ B CS Isclropic

Loop | B HLE y=1.0 | - — _ Loop | B HLE v=1.0C “_)_.;

At |b| = 20° the HLE absorbs Bubbles and ICS flux

Six-parameter fits with one Loop | template

< 30° c: 10° < |b| = 60°

4L FE with 4FGILDE4 Mask, RO

C

Fi0+=remss MM Fict Bubbles 4 107~

B CS
Loop |

lsclropis

B HLE =10

10°¢
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The HLE is real: every region and fit scheme wants it

: . 4 N —
free normalizations (6 ) 7 | 8

 6: one Loop | template
e /. Loop I's two shells free

e 8: Totani’s residual maps
instead of the Bubbles

* v=1.25 wins only in ROI a,
which contains the GCE.

L
—
L
)
-
_—
o)
=
©
©
(C
-
O
p -
-
o
—_
i
&

region of interest

Table IV, as bars; diffuse model SL Z6 R30 T150 C2. Dotted: 5¢ for 16 extra parameters (one per bin).
w preferred slope.
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The HLE is real: every region and fit scheme wants it

free normalizations 6

 6: one Loop | template

15,769 15,692

# e /. Loop I's two shells free

5,919 5,281

y- S * 8: Totanli’s residual maps
iInstead of the Bubbles

* v=1.25 wins only in ROI a,
which contains the GCE.

L
—
L
)
-
_—
o)
=
G
©
(C
-
O
p V-
-
d
—_
i
&

region of interest

Table IV, as bars; diffuse model SL Z6 R30 T150 C2. Dotted: 5¢ for 16 extra parameters (one per bin).
w preferred slope.

Yi-Ming Zhong (CityUHK)

45



In ROI ¢, Cocoons and Inner Bubbles replace the HLE

Edges E + Cocoons + HLE Final: Inner Bubbles, no HLE

Model "SL Z6 RZ20 7100000 C3" with 4FGLDR4 Mask, RO! "¢
107%= B 5i6+Bremss WM Flot Bubbles =107
B CS Ilsotropic -
e _oop | Bright Loop | Dim 108
——— pocoons B Inner Bubbles

Model SL Zb RZE' 100000 C5", HLE with 4FGLDR4 Mask, ROl "c"
- 107 PiO+Bremss [l Flat Bubbles :10_0
BN ICS Isotrepic
Loop | Bright loop | Dim 1076
BN HLE v=1.0
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* Adding the Cocoons strongly suppresses the HLE.

 The Inner Bubbles replace it (2A In £ = 5018); they are softer than the Flat
Bubbles.
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Best-fit geometry of the Cocoons and Inner Bubbles

Cocoons Inner Bubbles
Ratio south / north 10 1
Centre z, 3.5 kpc (fixed) 6.2 kpc
Semi-axis a 2.0 kpc 2.9 kpc
Semi-axis b 1.0 kpc 4.3 kpc
Pitch 6 35° 0°
Yaw ¢ —-29° 0°
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Speculation: more than one outburst?

Vs = e ™~ ff’ . . ™
(@@ Inner Bubbles ) (M Cocoons ) ( == lines of sight )
- .~ — \_—/

10
north

* All three structures are smooth: their y-rays
most likely come from ICS.

 Cocoons: tilted and elongated = a later,
shorter outburst than the main Bubbles.

 Sharp flat edges: cosmic-ray diffusion is

suppressed at the boundaries = stochastic
2nd-order Fermi acceleration around the edges

south

* Inner Bubbles may have risen buoyantly, like a e R
mushroom cap. X [kpel, Sun > GC

Recomputed: the best-fit ellipsoids projected onto the X-Z plane, with
the Sun's lines of sight to their centres.
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