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Fermi Large Area Telescope
1 Results on Dark Matter searches
Focus on spectral lines

| HM@:H

@

Luca Latronico

On behalf of the Fermi LAT Collaboration

SciNeGHE 2014
1 04-06 June - Lisbon - Portugal

b=
Ce)
o)
5
—
3\ o
<
Q/‘J.
e @
o
@
D
—
el
>
W
o
e
o
e




Y Fermi

Gamma-ray Space Telescope

Talk outline

** The Fermi LAT gamma-ray sky

+» Searches for Dark Matter

** Future prospects with the LAT
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A Fermi LAT y-ray sky - catalogs

Gamma~ray

/ Soace Telescone

Other pulsars

L4 LAT radio-loud pulsar A Bllac O FSRQ % AGNs of unknown type
u LAT radio-quiet pulsar PSR A SNR Y PWN
Other Galactic objects Other (non-beamed) Extragalactic objects [ ] No association
A Radio MSP from LAT UnID
A

Pulsar - 2013ApJS..208...17A A lecond puew Hard Sources - 2013, ApJS, 209, 34

11 months Fermi LAT count map

Gmax

a3

All-sky variability - 2013, ApJ, 771, 57 GRB - 2013ApJS..209...11A
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Gamma-ray

/ Space Telescope

Diffuse emission is ~90% of LAT
photons and most prominent

foreground for all analyses

Accurate quantitative modeling
and assessment of systematics is

a continuous challenge

E = 6.4 — 289.6 GeV

[ — ]
5 {data-model) / sqri(model) 15

LAT counts residual map after

masking bubbles region

E3Jy(Ey) [MeV em 2 s~ ! sr!]

(data-model)/data

S
(S

i
4

0.15
0.00
—0.15

Fermi Bubbles — LAT Collaboration — submitted

Fermi LAT y-ray sky — Diffuse emission

0° <=1<=360°
8° <=|b| <=90°
5S74%20" 1505

Diffuse emission spectral
components

2012, Apd, 750, 3
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Gamma-ray Space Telescope

+» Searches for Dark Matter
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@5, ermi Science trends IV - Dark Matter Searches
Gammaray
' Space Telescope . .
Satellites Galactic Center Milky Way Halo
Low background and good Good Statistics, but source

i ] Large statistics, but diffuse
source id. but low statistics confusion/diffuse background
’ background

CR Electrons

see Moiseev talk

Spectral Lines

Little or no astrophysical uncertainties, good
source id, but low sensitivity because of
expected small branching ratio Galaxy Clusters

Dark Matter simulation:

Low background, but low statistics Pieri+(2009) arXiv:0908.0195

' Isotropic” contributions

Large statistics, but astrophysics,
galactic diffuse background



Satellites
dSph ~ 2x1026
UNID ~ 2x10-24

Spectral Lines
100 GeV ~ 8x10%7

Limits on <ov> at 10GeV (cm?s™)

Galactic Center
Vary w/ model & method

Galaxy Clusters
~5x10-2°

Milky Way Halo
W/ bkg. model: 2x10-%°
No bkg. model: 2x10-2°

Isotropic contributions
Vary w/ model & method




@5, ermi Generic DM analysis — how to

« Compute expected signal
— Usually for 100% branching fraction in final channel

d®d., 1 < aannv > —aN
a5 (En90) = 2 g B

{ [ pZ(r(z,¢'))dz(r,¢')}
AQ(9,0) los

DM distribution

 Perform likelihood analysis
— Fold with instrument response, build model count

spectrum with and w/o DM component, compare with data
« Estimate systematic uncertainties on DM flux Upper Limit

— instrument performance, (optional) subtraction of

astrophysical foreground (diffuse emission, unresolved

sources), DM distribution



QJML Dark Matter constraints with dwarf spheroidals

S 2011, PRL 107, 241302 - 2012, AstroPart. Phys., 37, 2014 2014, PRD, 89
O Dwarfs are DM dominated
— up to ~1000x visible matter
— No star-formation, no gas, no magnetic field

O Clean Upper Limit analysis of high latitude point sources
d Current limit close to thermal relic c,,,, <~ 30 GeV for t+t-

1
[=— Maximum Likelihood
| = Bayesian
[| == Median Expected
10722 F| P 68% Containment

95% Containment

Combined

mMpM (GeV)
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@ ermi 2013, JCAP, 10, 29

Gamma-ray
/ Space Telescope

1 Conservative limits

— Does not subtract 7}
diffuse emission and g »*

sources S
v i
0 Optimized Region of "
10 7k
Interest ‘
0 o 20 30 i60 0500 1000200
— For standard DM mom [GeV]
profiles
O Strong constraints for o
very cuspy profiles ="
g 10"
— Close or below o
thermal limit § .
107
5 10 2 500100 200 500 1000 2000

see talk from A. Morselli — this session

mpy [GeV]

<0'v>|cm3/sl

] s B3 3 =)

=]

11

. Dark Matter Constraints from Inner Galaxy

S0 100 200 500 1000 2000
mpy [GeV]

.......

WOW O theebokd
'

% " i
5 10 2

S0 100 200 500 1000 2000
mpy [GeV]
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E w1 Isotropic y-ray spectrum — room for DM?
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Energy (GeV)

O Modeling astrophysical contributions to IGRB

— Undetected sources
— AGN, Star-Forming Galaxies, ms PSR, Gamma-Ray Bursts

— Diffuse processes
— Shocks, UHECR scattering EBL, large CR halo
— Large uncertainties from theory and population studies

d Constrain residual DM contribution

—r—TTTTrT —r—T T —
Ll T T L
H H MAGN Calore et al. 2013 . : :
Bringmann + arxiv.1303.3284  sr ackermann et ai. 2012 10° Ajello APS April 2013 —
FSRQ Ajello et al. 2012 v E
BL Lac Abdo et al. 2010 - =
MSPs Calore et al. 2012 > -
102 F Fermi EGB +—a— | s .
< 10 —
E =
— o 3
% 3 =
2 ] -
c\;E u:—‘- @  IGRE Spectrum (Abdos10, PRL 104) -
s R [[] st iaciavsosso. aps 120) ]
g 5 E [] stardorming Galaxies (Abdo in prep.) g
w 10 w - [IITTIT] #smas tabdo in prep.s -
% - BRERE RG fscusstl) -1
t\m B E Sum of Compones .
10° 5= 0 el —
g 12 :'_ Sum of Componems/IGRE =
g E E
T 0B/ —
10° F 08— -
04l :
w = =
02— . . 12, =
3 ]
107 10 10

o
E, [MeV] Energy [MeVi
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@ ami WIMP annihilation constraints — summary

Gamma-ray
Space Telescope

(o, V) [cm® s

10°%

LAT 10 years, 3x more Dwarfs

1 0-28

o[ | |IIIIII| '

—h

13

10*
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Gammaray

/ Space Telescope

J Motivation:

- High Velocity Clouds of HI and HIl gas
(~10°Mg,,)

— Low galactic latitude, ~12.4Kpc

— Trajectory suggest is passed through
Galactic disk ~70Myear ago

— Current bound state of gas suggest
~100/1000x DM halo to confine gas
through Milky way passage sar 1 F o

| | | | | L [
S0° 48" 46° 44"  42°  40°  38°  38°

— Large uncertainty in DM content GALACTIC Longitude

The Smith Cloud - a novel target for DM search

GALACTIC Lotitude
I [ 1

d People:

— LAT Collaboration: Alex Drlica-Wagner, German Gomez Vargas,
John Hewitt, Luigi Tibaldo

— External authors: Tim Linden
J Data:

— 5.2 years, Pass7 reprocessed data, need specifj& model of diffuse
y-rays
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@ ermi OMith Cloud — Diffuse emission modeling

4 Gammarav

10

b

-20

1 Do not use standard diffuse model distributed for source
analysis

O Build GALPROP templates of standard components of diffuse
v-rays using InfraRed observations of Smith Cloud

15



q,fm Smith Cloud- DM annihilation constraint

Gamma-ray
Space Telescope

Drlica-Wagner, GAGV, J. Hewits, T. Linden & L. Tibaldo

arXiv:1408.1030
107 e e A S e S A

— — Obscrved Limit

_ —== Modiar Fapected
o [ 669% Continment

z 10 95% Continment
Q
-
<
b3
z
&
£
]
A 10! 10? (i 10*

]0—8 | " A aaal N e s a2l mum(CuV)
10° e , 10° Drlica-Wagner, GAGV, J. Hewet, T. Linden & L. Tibaldo
Energy (MeV) arXiv:1405.1030
No very significant signal =W | ' ' P
- Ik e
- TS ~4.7 for 5 GeV WIMP going to t+1-

10-8

Constraints are highly dependent on the assumed DM

profile “g -
- J-factors vary by a factor of ~40 T
Uncertainty in the DM profile dominates over other o

systematic and statistical uncertainties

10t 102 107 104
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Gamma-ray Space Telescope

+» Searches for Dark Matter



Search for lines from 5 — 300 GeV using 3.7

years of data

PRD 88, 082002 (2013)

Fermi-LAT High Energy Line Search

--------
.

0 Use P7TREP_CLEAN (REP = “reprocessed”) ,,
— Updates to CAL calibration and
reconstruction 0.6 ey = 1.3
« Improved PSF 0.4 __ijm ]
 Energy shifts upwards ~3-4% — :
— Mask bright (>100 for E > 1 GeV) 2FGL - '-'f','..-"éolid (annihilation), Dotted (decayq
sources % 263660 80 100 120 140 160 180
0 Optimize ROI for a variety of DM profiles Rac ©)
— Find R that optimizes S/sqrt(B)
— Background from LAT simulations eo: — ST
O Search in 5 ROIs £ ot 10°
— R3 (3° GC Circle, cont. NF N
— R16 (Einasto) 102
— R41 (NFW) -
— R90 (Isothermal) 10

R180 (DM Decay)

Counts / 1.00 °?



/ _ HE Line search - Energy Dispersion Model
TS
o (©2Dmodel”)

&
N 0.02

©0.018
(7))
£0.016
- 0.014
50
£0.012
0.01
L£0.008
0.006
0.004
0.002

| | | I "'r\ I I |
— 0.1<P.<03
—0.95<P_<1.0

ract

S A 03 0 T TN 02 o3
E-E)/E
4 P =“CTBBestEnergyProb” (E-E)

— Probability that the reconstructed energy is within expected 68% containment
d Use triple gaussian model in 10 P bins

d Gives ~15% increase in statistical power
— Similar to adding ~30% more data

11/5/2013 Andrea Albert (SLAC) 19



s, YL HE Line Search - Fitting Method
SoeTaeop
Predicted Spectrum Signal Model Background Model

, , Mo (B T
C(E', Pg|@) = ngyDei(E', Pa|E. )wee(Pg) + —8 (—) N(E ) wpie (Pr)

/ cokg \ Eo /
FoV ROI FoV ROI
De(E; E 7)_/ / D(E';0|E,) Lig(P) (p,e E) s0dq, n(E') = / / Lus(P)E(5,9, B2) 44,
nbkg
Effective Energy Dispersion Effective Area Corrections

Incorporates energy reconstruction quality (Pg)

0 Maximum likelihood fit at E, in sliding energy window (+6c¢)
— Fit from 5 to 300 GeV

— 0.506¢ steps (88 fit energies)
O ngg, Npygs Tpig free in fit
d c,gis given by normalization of background model
d Include P distributions for signal and background: w(P¢g)
— Take from data for each fit (entire ROl and energy fit window)

Andrea Albert (SLAC) 20



O Uncertainties that affect the
conversion from ng, to @,
— E.g., exposure uncertainties
— Do not affect fit significance

4 Uncertainties that scale ngg
— E.g., modeling energy
dispersion
— Affect significance, but will
not induce false signals

O Uncertainties that induce or
mask a signal

— Modeling bkg as PL dominates in R3, R16

bcﬁ' Nsig
— CR contamination dominates in larger ROIs /
— Express as uncertainty in fractional signal, &f

HE Line Search - Systematic Effects

Quantity Energy R3 R16 R41 R90 RI180

{ oe/e 5GeV ~ 0.10 0.10 0.11 0.12 0.14
oe/e 300 GeV 0.10 0.10 0.12 0.13 0.16

~Onsig/nsig All Sy (i ¢ i ¢ St R

- of 5 GeV  0.020 0.020 0.008 0.008 0.008
- of 50 GeV 0.024 0.024 0.015 0.015 0.015
- of 300 GeV 0.032 0.032 0.035 0.035 0.035
L(Ngg = Ngig best)
TS = 2ln——>% —E Slocal = \/TTS’

E(nsig = 0)

) 2
f . nmg ~ slocal

Andrea Albert (SLAC) 21



A HE Line Search - Fitting Results
/ Gamma-ray
/ Spa(eTeleicope 45 1

Q

\

o o
IIIIIII:II

Sg\oba\=

E,=6 GeV

Siocal = 3-10 45—

Sgiobal = 1-40 SR TTTTR?
global /m AL
f=0.01 TR
At systematic level ) YRRV

* No globally significant lines found
Andrea Albert (SLAC) 22



y

- o | | u
@ ormi HE Line Search - 95% CL <ov> upper limits
Gamma»ray
Space Telescope
"T\ 10_25 L T T L I T T T T T L | T T (._\ 10_25 [ T T L I T T T T T L I T T
7] = (] = :
E = 3.7 year R3 NFWc Profile E = 3.7 year R16 Einasto Profile
S - —=— Observed Upper Limit S - —=— Observed Upper Limit
= an®L Expected Limit ) b I Expected Limit _
€ 107F [ Expected 68% Containment E 107E [ Expected 68% Containment
= - Expected 95% Containment 5 - [ Expected 95% Containment
3 107L 3 107~ C.Weniger JCAP (2012)
R 3 2 E
8 28 i 8 28 i
/\'t 10 3 AF 10° =
P - > =
v o _F v F
10% 105
1 0‘30 i 1 1 1 11 I 1 1 1 1 1 L1 1 l 1 1 1 O‘w 1 1 1 11 I 1 1 1 1 1 1 L1 I 1 1
10 107 10 1
m, (GeV) m, (GeV)
"T\ 10_25 . 1 1 1 L} I 1 1 1 I 1 L | I |l 1 ‘,\ 10_25 - 1 1 1 LI I 1 1 1 1 1 1 L] I I I_=
7] S w = 3
e E 3.7 year R41 NFW Profile £ E 3.7 year R90 Isothermal Profile E
) - —=— Observed Upper Limit S - —=— Observed Upper Limit ]
= e —— Expected Limit = o2l = Expected Limit .
€ 107F [ Expected 68% Containment = E [1Expected 68% Containment E
3 - [ Expected 95% Containment 5 - [ Expected 95% Containment 3
E') 107 :r ~ C. Weniger JCAP (2012) Cl) 107 :r ;
i -
SF10FE F10FE 3
> = > = =
e N e .
0% 0% Bands show expected =
of . , 1 Uwi  statistical fluctuations only3
10 10° 10 10°
m, (GeV) 3 m, (GeV)

Andrea Albert (SLAC)
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A Fermi LAT HE line search near 133 GeV

/' Gamma-ray
|
Space Telescope =0inmonm.m 0 ono. .i8:..:.6........"nnninrrrnrpoirriionnn-—————ooo————————————=

70§ (@)  P7CLEAN R3 1D E, = 130.0 GeV
60 Ny = 24.8 evts Ny, = 298.2 evts
=450 Fpg =2.78

Siocal

ROI R3
(3° radius GC)

Events / 5.0 GeV
O,
o

I

Resid. (0)
E=E)

- l I - '
+ 1k

-4 : ; ; ; ' : =
40 60 80 100 120 140 160 180 200 220
Energy (GeV)
® 4.50 (local) 1D fit at 130 GeV with 3.7 year unreprocessed data

1D PDF (no use of Pg), PZCLEAN data As Weniger's

significance 4.60

24
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Gamma-ray
Space Telescope

Fermi LAT HE line search near 133 GeV

> 70 LU\ NN BN AN S NSNS NN N N Au BEL AL BN D SN i BEA SN SNA N BN
& it ®  P7_REP_CLEANR31DE =133.0 GeV
l‘o)_ 50 Ngg =21.2 evts n, =272.8 evts
S 4 Sou=410 Ty =282
C
& ROI R3
20 (3° radius GC)
T 4 ¥ =
e g— l +H
(2}
T -2 v '||+|+| |*|++'+' || Radll
-4

® 4.50 (local) 1D fit at 130 GeV with 3.7 year unreprocessed data

1D PDF (no use of Pg), P7ZCLEAN data

80 80 100 120 140 160 180 200 220

Energy (GeV)

e 4.10 (local) 1D fit at 133 GeV with 3.7 year reprocessed data

1D PDF (no use of Pe), PZREP_CLEAN

25

Peak shifts
from 130 to
~133 GeV
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A Fermi LAT HE line search near 133 GeV

Gamma-ray
Space Telescope

() P7_REP_CLEAN R3 2D E =133.0 GeV
Ngg = 17.8 evts n,,, =276.2 evts

40 Siocal = 3.3 O Fbkg =276

Events / 5.0 GeV
(4]
o

ROI R3
(3° radius GC)

£ (T

S At b T |i|| L H

n

e + '+ ++ + Ty
4}

60 80 100 120 140 160 180 200 220
Energy (GeV)

® 4.50 (local) 1D fit at 130 GeV with 3.7 year unreprocessed data
1D PDF (no use of Pg), P7CLEAN data

e 4.10 (local) 1D fit at 133 GeV with 3.7 year reprocessed data
1D PDF (no use of Pe), P7ZREP_CLEAN

e 3.30 (local) 2D fit at 133 GeV with 3.7 year reprocessed data Peak ‘too’
2D PDF (Pe in data), P7Z7REP_CLEAN narrow

26
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i Gamma-ray
Space Telescope

Fermi LAT HE line search near 133 GeV

> 80
8 70 P7_REP_CLEAN R3 2D EY = 133.0 GeV
o gok ng, = 15.8 evts n,,, = 320.3 evts
2 s Soc=280 Ty =273
‘qc'; 40
3 30 ROI R3
20 (3° radius GC)
10
P 0 T T Y Y — T T . T T
S: A N
R SRR ST S L RS L
&’ _2_ + + .+.+ +T = ﬁ —
-4+

80 80 100 120 140 160 180 200 220
Energy (GeV)

® 4.50 (local) 1D fit at 130 GeV with 3.7 year unreprocessed data
1D PDF (no use of Pg), P7ZCLEAN data

® 4.10 (local) 1D fit at 133 GeV with 3.7 year reprocessed data
1D PDF (no use of Pe), P7ZREP_CLEAN

e 3.30 (local) 2D fit at 133 GeV with 3.7 year reprocessed data
2D PDF (Pe in data), P7REP_CLEAN

e 2.90 (local) 2D fit at 133 GeV with 4.4 year reprocessed data
2D PDF (Pt in data), P7ZREP_CLEAN

Few new
events

27




@, e HE Line Search - Control regions

Gamma-ray
Space Telescope

Earth Limb: expect a bright smooth
power-law spectrum

Weaker feature around 130 GeV

2.00, s/b=14+7% (GC:3.30, s/b=58+18%)

m T Y T Y T
ot @ E =133.0Gev

350 n,, =36.8 evts n,, =2416.2 evis
Seca =260 Ty =270

Events / 5.0 GeV

250

200

150

100

50
e B e
ON o 3
s Fhut 4t o4y l|+|l+*
e 24 + ++ '+ ++ -

_4._

80 80 100 120 140 160 180 200 220
Energy (GeV)

Resid. (0)

X3

1b] < 10° and || > 10°

Galactic Disk: expect bright and
astrophysical source dominated

No features seen around 130 GeV

1800f (a)  E =1330GeV

1400 ng=03evis n, =10148.7 evts

1200 Sow=000 Fog =2.43

1000

0 b| < 10° and || > 10°

400

200 i
0 : .
4 -
2 —
.2 7
-4

80 80 100 128 140 160 180 200 220
Energy (GeV)



s, YL Low Energy Line Search

Gan*mafay

d Purpose:
— To search for DM lines from 100 MeV to 10 GeV

« This would constrain models of Gravitino decay (W;, — VY) see Takayama &
Yamaguchi (PhysLettB485:388-392, 2000)

— Focus on Gravitinos in the uvSSM

» See Lopez-Fogliani & C. Muioz (Phys.Rev.Lett. 97 (2006) 041801)
K-Y. Choi, et.al. (JCAP 1003 (2010) 028) and G. A. Gomez-Vargas et al.
(JCAPO2 (2012) 001)

d People:

— LAT Collaboration: Andrea Albert, G.A. Gomez-Vargas, Elliott Bloom, Eric
Charles, MarioNicola Mazziotta, Aldo Morselli

— External: Carlos Munoz (UAM Madrid), Michael Grefe (U.A. Madrid), &
Christoph Weniger (GRAPPA, Amsterdam)
O Data:
— P7 REP Clean, ZA <100°
— 239557447 < MET < 403509423 (5.2 years)
— Fit for lines from 100 MeV to 10 GeV

« 20 windows -> 56.5 MeV to 11.5 GeV
Andrea Albert (SLAC) 29



/ Low Energy Line Search
s ermi Region of Interest (ROI) Optimization

EI Use Einasto Profile (a=0.17, p,=0.4 GeV/cm3, R, = 8.5 kpc)

d Optimize for annihilation (xx—Yy) and decay (¥,, —Vvy)
— Gravitino decay is the primary model we are testing, but wanted to expand scope
to include annihilation too

O Use same ROI parameter definition as high-energy line paper
- “ROI_.,” is the annihilation ROI; |b] <10°, || <10°
— “ROl,,” is the decay ROI ; |b| > 60°

30




4 Low Energy Line Search

;?"m‘ This Analysis is Systematics Limited o\ Ay
Space Telescope T

« Focus on systematics that appear at fixed fractional size (of
 These will mask or induce false signals

ys)

« Below ~15 GeV our line search is systematics-limited f - Ngig ~ Slzocal
» Fractional statistical uncertainty is of_ ~ 1/sqrt(b.) B beﬁ' o Nsig

« Compare to estimated systematic uncertainties (of.,. < 2%)

sys =
- Can estimate of; by fitting for lines in control regions
- Galactic Ridge (|L|>10°) of,,; from Bkg modelling, A 4, and Sources
AT | -
I - —+R3 . . i
§ [ g 97 Yyearsimulation .
w 0.1— .7_
s r Lot ]
g 0.08— Tk —
& wet 1 Stat uncertainty
2 0.06— Last . -
§ B PP * :/ ~1/\/beff
s o.o4_—.“.,.-.-' -
°'°2.;_. bt L Lo e —«—— Syst uncertainty
OZ o . . - Model as
constant
9 10 20 30 E, [GeV] 21

Andrea Albert (SLAC)
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ESsSserml

Gamma-ray

/b Spa(e Teleirope

f

Sys

Low Energy Line Search
from Galactic Plane scans

 There are some common features likely from the effective area (Aeff)
* Displacement from 0 is mostly from Aeff, while spread is from bkg. modeling
» Larger systematic effect with wider windows (since power law approx. gets worse)

sys

0.06

0.04

0.02

-0.02

-0.04

-0.06

1 1 I I I II I 1 I 1 1 1 Il

Line fits in 20 x20° squares along Galactic Plane
10 steps excluding center-most square

Error bars are & u I "

— iZGE Window

— *40. Window

. 18
lllli I i
3. i l': - @
= .t RdI;
L | wr
1

prelimina
—
O, > O

sys stat

10°*
Fit Energy (MeV)

3
10
Andrea Albert (SLAC)



/ Low Energy Line Search

/ Spa(eTelei,cope e —

4 Include nuisance parameter (ng ) for systematically-induced line-like features
— For each fit energy in each ROl we determine b

— We add a Gaussian constraint on n, , to the likelihood fit with (o, , = 0f, s * beg, 1 = 0)

sys sys
to break the degeneracy between nsys and Ngig

- f,,s determined by control regions fits (i.e. off-center Galactic Ridge)
* Will only be sensitive to detecting lines *above* f, ¢
— Will only detect a significant line if it is larger than the line-like features we

see in the control regions

— Similar technique used to incorporate J-factor systematic uncertainties in LAT
Collaboration dSph analysis

« Can be applied whenever accounting for systematic uncertainties is important

C(E,é)=(n,, +n,)S(E.E,)+n, B(E,T,, )G,

1 / 20?2
o s = 6J(:s*ys * bef f Gsys= o v
OV 2J'L’

Andrea Albert (SLAC) 33
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/ Low Energy Line Search

J e — Example Fit - Including n,,, is essentiall _ gy

~ritin R16 at 327 MeV_

5 20000 E=327.4MeV 3
= 10 E - [=1.7780.006 =
3 14000 E §=012evts (0.020) =
?"3 15888;: preliminary o =
o 2888 = Lc_)cal signif was ?.20 E
i 4000 E- without systematic =

2000 ;— o lnuisa;mce lparalmetelr! _;
e
I R

220 240 260 280 300 320 340 360 380 400 420
Energy (MeV)

Andrea Albert (SLAC) 34



@(m Preliminary Limits for (|B|>60°ROI)

Gamma-ray
Space Telescope

W, , —=vy

m= This Work (stat. + syst.)

=== This Work (stat. only)

—— Fermi—LAT 3.7 yr (stat. only)
—a— Vertongen, Weniger (stat. only)

— — EGRET Galactic centre (stat. only)

= N .y
s K N2, . preliminary il limits ar 95% CL )
3
- |
> 10%° =
g
g 0
= 0
O 10%:

10%7 =

0.1 0.3 1 3 10 30

Gravitino Mass ms, (GeV)
Andrea Albert (SLAC) 35




A Search for spectral lines - summary

O No globally significant lines detected
— 133 GeV feature observed from GC and Earth limb
— not fully explained by known systematics
— Narrower than resolution and decreasing with time
O Working on updates with new Pass8 event analysis

— Will benefit from increased exposure at GC and Earth limb
from recent modified survey

— Expect different systematics

Search | Range Energy | Main Point Systematics | Window
quality uncertainty | source Included
estimator masking in fit
High 5-300 5 yes statistical  Yes No 60g
Energy (best S/N) (ex. R3)
Low 0.1-10 2 no systematic No Yes 20¢

Energy (best S/B) (large PSF)



Y Fermi

Gamma-ray Space Telescope

** Future prospects with the LAT
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Fermi mission status

\Q ;
. :.’)SML http://science.nasa.gov/astrophysics/2014-senior-review-operating-missions/
amma-ray
Space Telescope
lSlllllllllllllllllllllllllllllllllllllllllllllIlllllllllllllllllllll'
j urvey
Multi Pointin \LET (electrc
Messenger ceCube (Neutrinos
synergies ANTARES (Nextrin
10 10%
10
S
o -
s ________ )
O J 20
8 105 - = 10
w
1 pQhic P i ARH 313 Rohonnl D 1015
10"

10° K S
OFAR :

2012 2013 2014 2015 2016 2017 2018 2019
Year

O Now into extended operations, since 2013

Freauencv (Hz)

Multi
wavelength
synergies

v

1 NASA 2014 Senior Review just approved operations through 2016

38
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A LAT collaboration datasets timeline

O Continuous effort to improve performance and release better
datasets

— Pass6: pre-launch recon and event selection, optimized
post-launch IRFs (to describe effect of ghosts)

— Pass7: pre-launch recon, optimized post-launch event
selection and associated IRFs

— Pass8: post-launch recon, event selection and IRFs

Launch Publicdata 1FGL 2FGL
8/2008  8/2009 8/10 8/11

2008 2009 2010 2011 2012 2013 2014

QUL Pass6  Pass7 | PTREP

R&D: P 7
& lass Pass8

3FGL

Reprocessing
& validation: Pass7 P7REP,,| Pass8




-« : Pass8 New Event Reconstruction
Toormb arxiv 1303.3514

0 Complete subsytems recon
rewrite (ACD, CAL, TKR)

— Well beyond original
motivation of suppressing sreciiocey e
cosmic-ray pileup *
d TKR: new tree-based pattern
recognition
— Mitigates mistracking at high
energy and angle

Overlaid pile-up activity

Calorimeter cluster #2
MIP probability: 0.92

.\,

 CAL: new clustering stage

— Separates ghost from primary photon
 CAL: revamped calorimeter shower profile fitting

— Mitigates crystal saturation, opens multi-TeV domain
O ACD: improved track/cluster to tile fitting

— Uses full covariant errors, avoids harsh background rejection cuts
40



sy ey Pass8 preliminary performance

O Larger acceptance

— Dramatic increase <100
MeV

O Larger field of view

— more off-axis effective
area

O Similar E dispersion and PSF

— Narrower PSF at highest
energies, reduced tails

— Can improve PSF by
tightening event selection

Acceptance [m? sr]

Ratio (P8/P7)

Field of view [sr]

Ratio (P8/P7)

w

—e— P8 SOURCE prototype
—— P7REP_SOURCE_V15
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N e e
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Y Fermi

Gamma-ray Space Telescope

Summary

** Fermi stable operations give lots of y-rays to many users

+» Dark Matter annihilation constraints approaching thermal
relic limit using many targets and techniques

“* No globally significant lines across in 100 MeV - 300 GeV

»+Pass8 will boost Fermi science and Dark Matter searches



BACKUP
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s, YL 133 GeV Feature in 4.4 year dataset
Carr*ma—'a','
'/ Space Telescope
> 70 O P7 REP CLEAN R3O0 E = 1330 Gay 2 Weniger et al (2013)

8 60 P7_REP_CLEAN R3 2D E'y =133.0 GeV = http://fermi.gsfc.nasa.gov/ssc/proposals/

8 50E Ngg = 17.8 evts n,,, =276.2 evts _E alt_obs/white_papers_eval.html

E 405_ Slocal =330 Fbkg =2.76 _E 7 T T T T T

c — = —_—

g 28: 3.7 yr E % 6l P7REP CLEAN, 133 GeV, |
of- 3 ¢ | Rees signal-like
0E : rbrgrb bbb bbbl S > T

'-ug; (2);'11"1' P +1 +‘L + #++ + Hl u % T

g o ASSRACIRE JRFUNRENS I FVRcSan R RRNRAN| - L -
4= , , , , , , , = o T T Tz e==

60 80 100 120 140 160 180 200 220 E S\
Measured energy (GeV) g el

§ OB ()  P7_REP_CLEANR32DE, =133.0 GeV 3 S "bkg-like!

8 60 rs\lsig :_15.3 :vts lr}okg =_’32»2;)33 evts _; < . ) .

~— 50 oca -_— . —_ . ,_: 1 ad 1 1 1

2 40 | e 3 0 10 20 30 40 50 60 70 80

l%’ 30 = Time [months]

20 = .

10 E * S,,ca decreased in 4.4 yr data by
~ 0 ~10% compared to 3.7 yr data
e 4F ' a

3 2 L] ]
2 _g_++++++#+%+%+++ ++ .+++ - i %ﬁf - Since spring 2012, feature has
v - decrease
60 80 100 120 140 160 180 200 220 _ ¢ . T
Measured energy (GeV) More “background-like
Ackerman et al (The Fermi LAT Col.) Andrea Albert (SLAC) 44
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@, ormi HE Line Search - 133 GeV in the Earth Limb

y Gamma ray
Spa(e Tt"|c’§1’0p(‘

P7Transient to P7Clean Efficiency
[y

10*

(>)~ M (A LN B BN BN B I > S I I B B B B
2 12-0) + . e E E, = 133.0 GeV =
& E 1T | + E S 4o B Ngg = 28.9 evts nbkg 3510.1 evts _;
“o ] ~ Soa =200 [, =270 E
- . w - ]
0.8 + + ~ S 102k E
et L 1
06__ ] _111 < Ozenith < 113 ° ]
- . 10 | .
04F + E §|Rock|ng Angle| >52° 1
- Ackerman et al —~Limb Data . © 4F ' ' ' ' ' ' ' -
02—(The Fermi LAT Col.) - MC — ;.’ 2 + + +
N PRD 88 082002 (2013) N ) 0 T ¥
0 1 PO T T T N I BN B O A & _zi- —
‘5080002040~ Te0 e 000 pi |
Energy (GeV) 60 80 100 120 140 160 180 200 220
« Line-like feature in the limb at 133 GeV (2.0¢ local signif) Measured energy (GeV)

— Appears when LAT is pointing at the Limb (]|0,|<529)
— Surprising since limb should be smooth power-law

— SIN

limb

~14%, while S/Ng; ~61%

* Limb feature not large enough to directly explain all the GC signal
 Just f=0.14 in GC (fewer events) would be ~0.8c
* Dips in efficiency (less stringent Transient cuts -> Clean cuts) below and above 133 GeV
— Appear to be related to CAL-TKR event direction agreement
— Could be artificially sculpting the energy spectrum

Andrea Albert (SLAC) 45



Events / 5.0 GeV

Resid. (o)

w O D N
o O O O O

N
(=)

Width of 133 GeV Feature

! E,=1330GeV
; NG = 16.3 evts ny, = 277.7 evts
Fbkg =2.74
.. Fit with expected E, model
— Fit allowing width to scale (s,=1 is expected)
\ Ackerman et al (The Fermi LAT Col.)
5 PRD 88, 082002 (2013)
PP SNE e S AUES I
i AR AR IR R

60 80 100 120 140 160 180 200 220
Energy (GeV)

O Let width scale factor float in fit (while preserving shape)

Q s =0.3292(95%CL) ATS =9.4

— Feature in data is much narrower than expected energy resolution (s =1)

5/20/2014

Andrea Albert (SLAC)



sy ey Relating global to local significance
Gamma-ray
/ Sm(eT lescop

o] N BLALELELE BLELELELE BLALELELE BLELELELE BLELELELE IR ’6 5'_ L LR BLELELELE BLELEL L BLELELELE BLELELELE B :

8 00 —=— 1000 MC Realizations !§ -~ 1000 MC Realizations 1

S' — 198 Independent Trials o - = 198 Independent Trials .
2 50 N
€ -

m 40 3— .....

30 2: i

20 i :

£ E

10 i ]

AN I B i C /i I BT I T

05 2 25 3 35 4 45 5 052 25 3 35 4 a5 s

Smaxl0) Smaxl®)

O Perform 1000 MC background realizations
d Extract maximum o,

A Fit distribution with expected X2 distribution with nt independent

trials and use relationship to relate o,., to G0y,
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