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CMB anp SNIe OBseRVATIONAL DATA

THe Accurate DeTERMINATION OF CosmoLoaicAL PARAMETERS BY WMAPS EstasLisHEs CONVINCING EVIDENCE FOR THE CONSTITUTION OF
THE UNIVERSE:

Qcpm = 0.214 £0.027, Qpg =0.74 £0.12 anD wpg < —0.86.

® NaturaL CANDIDATES To AccounT For THE CDM ARe THE Weakly Interacting Massive Particles (WIMPs), y. WE RequiRe:
0.097 £ Q< 0.12 Where Qu/* = f (my. (ov)) Within THe Standard Cosmology (SC).
(my, 1s THE y Mass AND (ov) Is THE THERMAL-AVERAGED CROSS SECTION OF y TiMEs ITs VELOCITY).
® DE can Be ExpLAINED WiTH THE INTRODUCTION OF A SLowLy Evolving Topay ScaLAr FiELD, g, CALLED QUINTESSENGE .
An Open PossiBILITY IN THis SCENARIO Is THE ExiSTENCE oF AN EARLY Kination Dominated (KD)? era.
ImpacT oF KD ERrA ON Q)(h2

® The Presence of A KD Era INcReases® DRasTICALLY (Up To 3 ORDERS OF MAGNITUDE) Q)(hz.

Q)(hz = f(m)(, (o), QUINTESSENTIAL PARAMETERS).

® As A CONSEQUENCE, (0ov)’s LARGER THAN THose ALLoweb IN SC ARe Reauirep IN A Quintessential Kination Scenario
(QKS). L.,
(ov) ~2-107° GeV~2, IN THE SC,

(00) ~ (107~ 109 GeV2,  wreQKs o e~ (O =D TeV.

0.097 s Qi 50.12 = {

"R.R. Caldwell et al. (1997)
2B, Spokoiny (1993); M. Joyce (1997)
3p Salati (2002); S. Profumo and P. Ullio (2003); C.P. (2005).
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OBSERVATIONS ON THE ¢*-Cosmic Ray (CR) FLuxes

Recently PAMELA* anp Fermi LATS Have ReporTep (CoNnFiRMING, MoRe OR Less, Previous ExperiMenTs®) A Rise oF:

o ¢* FLux FracTioN For 10 < E,+ /GeV < 100 ® INTHE ToTAL ¢* + ¢~ FLux For 0.3 < E+ /TeV < 0.8
T T T ~ 180 T T .
0
160 B
£
= &= 140 ]
© o1 J %
+ 120 E
o Q
e 100 B
< e
e PAMELA *o OF & FermiLAT 1
<ov>~10° GeV? \e/ 60 <ov>~10° GeV?
B
‘o
0.01 : . . w" 40 L L
1 10 10° 10° 10 10° 10°
E.. (GeV) E.. (GeV)

o PAMELA Rerorts No Excess oN p-CR Fruxes*. THERerFoRE yy — [*1-, With [ = e, u (I = 7 1s ExcLupep From BBN).
Is PossiBLE AN EXPLANATION OF THE ¢*-CR ANOMALIES VIA y ANNIHILATION IN THE GALAXY?
® |15 NoT PossieLE WiITHIN SC pue To THE VERY Low (ov) RequiRep FRom THE CDM CONSIDERATIONS
® |s i1 PossIBLE IN THE CONTEXT OF AN ATTRACTIVE QUINTESSENTIAL SCENARIO?

4PAMELA Collaboration (2009)
5The Fermi-LAT Collaboration (2009))
8 ATIC Collaboration (2008); AMS-01 Collaboration (2007); HEAT Collaboration (1997).
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CONSTRAINTS IN THE 1y v) PLANE CONCLUSIONS

TrE QUINTESSENTIAL DyNamics

RELEVANT EQuATIONS

WE AssuME THE EXISTENGE OF A SpaTIALLY HoMOGENOUS ScALAR FIELD, ¢ WHicH OBEYs THE EquaTioN: § + 3H§ + dV/dg = 0, WHERE

M4+a b _ _
=—+ EHZqZ’ witH FREE PARAMETERS a, b, AND M aND INITIAL ConpiTions g = g(tp) = 0.01, Hj = H(t) = +/pg1-
q

® NoRrMALIZED QUANTITIES: D; = p;i/pco WIiTH i = ¢, R, M AND po = 3m}2,H§. ALso g = q/ \3mp ano H = H/H,.
® A’ =, + pr + Py WHERE B = proe™", pm = pumoe™>" AND p, = 0°/2 + V Witn Q = Hdg/dt avo = In (R/Ry).

o THe DensiTy PaRaMETERS, ;= pi/(p, + PR +pM), i = g, R, M,

* Exmactep Quantimes: {- THE BAROTROPIC INDEX, wg = (GP12-W/@G@P/2+V)

THe CosmoLoaicaL EvoLution

THe FiELb ¢ UNbERGOES Four PHases DuRiNG ITs CosMoLoGICAL EvoLuTion:

Ll]g AAAadidasiitasiiss beand bians es snnns sunas sunas sunsa: ® The KD Prase With ¢ > pg > V. Trererore A ~ g’ /2 — b7,
2 1
<% G= 1/ = sin Vb (T-T) = Tex = (2k+1)\/>§ +1, k=0,1,2, ..
% e b b2
X o0 FOR T = Text, ¢ = Hdg/dt = O INSTANTANEOUSLY AND SO, PR > §/2.
= Zg CONSEQUENTLY, THE ¢ OSCILLATIONS BECOME ANHARMONIC.
'é;_ 22 R T\ S ® Frozen-FieLb DoMINATED Phase, WHERE H =~ g AND § = cst.
(=}

10

of ® ArTRACTOR DOMINATED PHAse, WHERE p, ~ V AND =~ PM-
ao0fe=05b=02 Lot Pq ApmiTs A TRACKING SOLUTION
-50 -45 -40 -35 -30 -25 -20 -15 -10 5 O 5 10 o o
+=IR/R) Pa = Parexp (=31 +w)T) wimn wf = -2/(a+2)

® Vacuum DominaTeD Prase WHeERe H'= p, = V.
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THE ALLOWED PARAMETER SPACE

IMposep REQUIREMENTS
® THe CONSTRAINT OF THE INITIAL DoMINATION OF KiNATION: 0.5 < Q,(Ty) < 1.

® THE INFLATIONARY CONSTRAINT: Py /P < 1 = Hy < 10°°, WHERE P, [P;] : THE POWER SPECTRUM OF THE TENSOR [SCALAR]

PERTURBATIONS.

® Tue BBN Constrant: QFBN < 0.21.
e THe DE anD CoINCIDENCE CONSTRAINT:
Q0) = Qpg = 0.74 = M ~ 1eV anp V(1 = 0)/de? = H2.

b > 0 Ensures THe CoexisTENGE” OF THe EARLY
KD PHase With THe Tracking SoLuTion®

7 A. Masiero et al. (1999); F. Rosati (2003).

9.
o THe Cosmic ACCELERATION CONSTRAINT : 8 P Binetruy (1999).
1 <wy(0) <-086=a<06. 9 ¢. Baccigalupi et al. (2002).
THe BAND STRUCTURE OF THE ALLOWED PARAMETER SPACE
IMPOsING THE OBSERVATIONAL CONSTRAINTS WE OBTAIN THE THe BAND STRUCTURE OF THE ALLOWED AREA CAN BE EXPLAINED
FoLLowing ALLoweb Reaion IN THE b — log Hy PLANE From THE FoLLowiNG PLOT IN THE T — g PLANE
T =10° Gev 3
54F 3
2
53F E
1
~52F B
'S o °
I 51F E
- -1
s0f E
2 o 53 BEN _ G
e E H=210" (@"=021)
3f H =4.710" (g~0) E
P S . Lt
005 010 015 020 025 030 035 040 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 O 5 10
b —
t=In(R/R)
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Tue Borrzmann Equation

CaLcuLatiNG Q, 7%

THe Numser DensiTy, 1,., OF x’s SaTisFies THE FoLLowing Boltzmann Equation (BE):

2 _

iy +3Hn, +(ov) (n - neq ) 0 , eq2 ’ d K
Y = - W = — =

We DeFiNe Y, =n, /s anp V' =)/ = y <O_U> ) HERE dv’ v VPR

A2 n=
S = 1/4 g |9 - _ _é,z _J1+07/2pr  FOR T <X kR,
5= pT(/)A, (ovy = \fmpp (ovy, H =~ ngR, Wit g, = 1 54 Anp g, = | Fon T T
Cf
45 1 T 4n* - 1
ALso qu(x) 29 X9 x 32 py =), WHERE x= —, g=2 AND P,(z) =1+ M
4 N2 g x m, 8z

The Freeze-Out Procepure'®

® ForT < Tp, ¥y = ¥y and so, BE can Be WRITTEN As FoLiows: A’ = —¥;%" — y (o0)A (A + 2Y;q) \aslgq Witk

A =Y, — Y%, The Freeze-Out LocARITHMIC TIME T CAN BE DEFINED BY A(Tf) = 6 Yy (TF), WHERE SF ~ 1 AND FOUND BY
SowviNg ITERATIVELY THE FoLLowing EquaTion:

(0 Y5) (6) = ~yeCo0)0r (G5 + Y (W) Vab/ VG 0k + 1) WITH yp = y(tp).

® ForRT> 15, ¥y, > Y;" AND THEREFORE, BE caN BE SoLveD As FoLLows:

1 _
Yo = (YX’P! + JF) , WHERE Jg = f;:_ dt l% y{ov) AND Y\F = (6p + 1) Y;q(rp).

Our FinaL Resulr can Be Derivep As FoLlows: Q, = pyo/pco = mysoYyo/peo = ’ Q)(h2 =2.748 - 108 Yyo my/GeV.

10g. Jungman, M. Kamionkowski and K. Griest (1995); C.P (2005).
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CONCLUSIONS

2
Tie Qh> ENHANCEMENT

CaLcuLating AQ,

THE ENHANCEMENT OF Qxhz W.R.T ITs VALUE IN THE SC, QXh2|sc’ CAN BE EsTIMATED, BY DEFINING

AQ, =

THe Benavior oF AQ, As A FUNCTION oF THE FREE PARAMETERS OF THE QKS cAN BE INFERRED FROM THE FIGURE

(a=05, H; =63 10%, Ty = 10° GeV):

7= 10° Gev. ' ' : (ov) 107 10°°
10°fH, =6.310% ( GeV’Z)
[ -w [317-352 ] 316-351
R
. e b= 0.15, Texe = —33.1
| o pin -333 [ -333
|
b=0.15 ! <ov>=10° GeV? b =0.32, Tex = —33.8
M ‘ ‘ gnin -341 [ 340
10 05 10 15 20 25 30
m_ (TeV)
ComMmENTS

® For b = 0 we OsTaN A PURE KD ERA AND AQ, INCREASES WHEN /71, INGREASES OR (0v) DEGREASES.

® Forb # 0, AQ, Depenps CRucIALLY

ON THE HIERARCHY BETWEEN T AND Tey;.

® As m, INcreases Aove 0.1 TeV, —tr INcREASES AND Moves CLOSER TO Tex AND AQ, DEcreases WitH Its MiNimum

AQ, OCCURRING AT 11, =

min

min

WHicH CORRESPONDS TO t{:“i“ ES A

C. PaLis
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TuE Basic FormaLisM

CatcuLaring O

THe ¢* Frux Per Eneray — IN UNits GeV~'em™2s™!sr™! — at EARTH FROM THE y ANNIHILATION CAN BE FounD From'!

1 v+ Po 2 Y
OX(E)= - —= = dE' I (\p(E,E’ Wi
o+ (E) 3 Tnb(E) (mx) <(rv>fE (o (E, » WHeRe
dNy+  O(E+ —my) FOR yy — e'e, 12
* 7 _{("e‘“)ACXp[ (Ary+ AP+ B+ By ror xy — s, e S = Fm). =AML AL By By.

® v+ 15 THE VELOCITY OF €, y = E,+ /my,, po = 0.3 GeV/cm?® anp b(E) = E?/(GeV tz) with 1 = 10'¢ s
2 1GevYI-1 (E/Gevyd-1 - 2
L] )»%) =4Kotg [% Witk I(hp) = ag + a; tanh(bg_—ll) [a exp( & bz) )+a ] Anp [ = log( )

Basic AssuMPTIONS
As For THE PRepicTioN oF ANY CDM SiGNAL, THERE ARE THREE SOURCES OF UNCERTAINTY:

® The CDM DisTriBuTION. WE ADOPT THE IsoTHERMAL HaLO PROFILE, To Avoid TrousLes WiTH OBsEervaTions oN y-CRs'®

® THE ProragaTION OF x ANNIHILATION PropbucTs. WE ApoprT THE MED PRroragaTioN MopeL, WHicH ProviDes THE BesT Fits 1o
THE COMBINATIONS OF THE VARIOUS DATA-seTs'*. IT FiXES a’s, b’S AND ¢’s, K( AND 6.
® THe AsTRopHYsICAL Backarounps. WE Apopt CommonLy AssuMeD BACKGROUND e* AND ¢~ FLuxes NormALIzED WiTH THE
FERMI-LAT Dara.
"EA. Baltzand J. Edsjo (1999); J. Hisano et al. (2006); T. Delahaye et al. (2008); M. Cirelli, R. Franceschini and A. Strumia (2008).
12).Z. Rothstein, T. Schwetz and J. Zupan (2009).
136, Bertone, M. Cirelli, A. Strumia and M. Taoso (2009).
K. Cheung, PY. Tseng and T.C. Yuan (2009).
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CONSTRAINTS IN THE 1y v) PLANE CONCLUSIONS

Frrrin THE PAMELA AND FErmi LAT Data

The x> ANaLysis ,
, G (R -F)

WE DEeFINE THE % VARIABLES AS FoLLOWS: Xa = Z —_—

- AFObS

= Ai

WHERE i Runs Over THE DATA PoINTs oF EAcH EXPERIMENT A, “obs” [“th”] STanDs FOR MEASURED [THEORETICALLY PREDICTED] VALUES.

THe Best Fir Points

PERFORMING A % ANALYsis WE FIND AN ExcepTioNaLLY Goob Fir To PAMELA anp Fermi-LAT Data FoR yy — u'u”.

7, = Dyt / (D,+ +D,-) AND N4 =7 For PAMELA,
> WITH Fa = E}, (D +®,-) AND Ny =26 rFor Fermi LAT,

ANNIHILATION X2|mi“ /| my/ (ov)/ (O V)max /| Q)(h2|SC /
Mobe d.of TeV | 107 GeV2 || 107 GeV™? 1074
xx —ete 95/31 0.58 4.6 2.5 5.8
x| 24731 | 128 195 165 14
T T T ,‘-_\ 180 T T -
" )
N 2 160 /i E
| &~ 140 |
e o1 AR > ﬁ:
¥ i & 120 1
gj b 100 th ]
-~ : 1 e ! \
8’ £ PAMELA - *o ©F 1 FermiLAT !
- XX»e*ei ! g 60f—-—- xx—e'e
Py . Soott = = [T .. Sl . = -
1 10 10 10 10 10 10
E.. (GeV) E..(GeV)
C. PaLLis
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IMPOSED REQUIREMENTS

THe Prererrep Reaions From ¢*-CR ANoMALIES

THe Reaions WHicH ARE FAVORED AT 95% [99%] c.L. BY THE VARIOUS EXPERIMENTAL DaTa ON THE e*-CRs can BE Founp DemANDING

2
2 5 ) ) > For PAMELA,
1S Ky +6 [X £ L * 9'2] Wi X = {x% +%5  For PAMELA anp Ferm LAT,

WHERE xzimm Can Be ExtracTep NUMERICALLY By MINIMIZATION OF %> W.R.T THE INDEPENDENT PARAMETERS, my AND (070).

OBSERVATIONAL CONSTRAINTS
LARGE (ov)’s MAY JEOPARDIZE THE PREDICTIONS OF BBN AND HAVE AN IMPACT ON CMB ANGULAR SPECTRA. LESs RESTRICTIVE
CONSTRAINTS CAN BE ALSO IMPOSED. CONSISTENGY WITH OBSERVATIONS ENTAILS:

2 FOR yy — e'e,

® The BBN ConstRaNT'S: (0v) < 6- 1077 GeV ™2 0 b
7T FOR yxy — pMu .

am,  m Ey;
X vis
- WHERE =
Eyis 1 TeV my, {

® Tue CMB ConsTRANT'®: (00 <

301078 GeV2  my _J0.7 ForR xx — e*e,
7 [Tev WHERE /= 024 FoR yxy — ptu.

3-109GeV™? For yy — ete,

4107 GeV2 Fom yy — gt AND THE ISOTHERMAL HALO PROFILE.

® CONSTRAINT FRoM THE y-CRs'”: (ov) < {

® The UNimaRiTy ConsTRAINT'8: (0v) < 87 GeV ™2 ( ] g{:v )72 .

15, Hisano M. Kawasaki, K. Kohri, T. Moroi and K. Nakayama (2009).

185, Galli, F. locco, G. Bertone and A. Melchiorri (2009); T.R. Slatyer, N. Padmanabhan and D.P. Finkbeiner (2009).
7a. Bertone, M. Cirelli, A. Strumia and M. Taoso (2009).

18K Griest and M. Kamionkowski (1990); L. Hui (2001).
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Resurrs

PutTing ANYTHING TOGETHER

IMPosING ALL THE AVAILABLE CONSTRAINTS WE CAN DELINEATE OUR FINDINGS IN THE

my, — {ov) PLANE As FoLLows:
T

- EN T 100 ) T
> >
G o 3
e V¥ =TT h'o 10
N B e . SPBBEEES ;=)
AL s A
> = 5 > W/ N e
o H,=6.310 )
\ b =0.15 Vo .
01k, , . . . . \ . . . . . L S
02 04 06 08 10 12 14 04 08 12 16 20 24 28
m, (TeV) m, (TeV)
GLOSSARY
Buack LINE [ Upper Bounp From “ Reaion FavoRED BY ]
SoLip BBN Srarse BLack HATcHED PAMELA (95% c.L.)
DasHED CMB Dense Brack HAtcHED PAMELA anp Fermi LAT (95% c.L.)
Dortten UNImaRITY Sparse Rep HATcHED PAMELA anp Fermi LAT (99% c.L.)
Dor-DAsHED y-CRs LigHT GRAY SHADED CDM CONSIDERATIONS

A SIMULTANEOUS INTERPRETATION OF THE ¢*-CR ANOMALIES CONSISTENTLY WITH THE VARIOUS CONSTRAINTS CAN BE ACHIEVED IN THE
Recions WHERE THE GRAY SHADED AReas OVERLAP THE LINED ONes BeLow THe DasHep Lines (WE Take a = 0.5, T1 = 10° GeV).
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INTRODUCTION A TRACKING QUINTESSENTIAL MODEL WIMP REeLic DENsITY -CRs FrROM y ANNIHILATION ) PLANE ‘CONCLUSIONS
o] o] o]
[} [} [}

FINAL Score

WE CoNsIDERED THE EXPLANATION OF THE ¢*-CR ANoMALIES CONSISTENTLY WiTH A NUMBER OF OBSERVATIONAL CONSTRAINTS. THE
BestFit (my, (0v))'s WHicH SaTURATE THE MosT STRINGENT (CMB) BoUND ARE ARRANGED IN THE TABLE:

Fits o PAMELA Anp Fermi-LAT Data

xXx o ee I XX o
my (TeV) 0.258 1.12
(ov) (Gev™?) 1.14-1077 1.44-1076
2= 177 9
YA 0.0022 i 0.00019
CowmBINATIONS OF PARAMETERS YIELDING Q)(hz =0.11INn THE QKS For a = 0.5 anp 77 = 10° GeV
b 0 0.2 0.32 0 0.08 0.18
Hy/10% 0.76 1.2 0.96 3.1 34 4.7
Tkr (GeV) 0.07 0.03 0.04 0.019 0.005 0.009

FiNaL REMARKS

® THe Reaions Favorep By PAMELA anp Fermi LAT For yy — e*e™ Can Be ExcLupe.

® Part oF THE ReaioN Favorep AT 99% c.L. By PAMELA anp Fermi LAT FoR yy — u* i~ 1s ALLOWED.

For tHE BesT-FiT (m,, (ov)) we OBTAIN y?/d.o.f =33/31.
® The CDM RequiREMENT CAN BE SATISFIED BY ADJUSTING THE PARAMETERS OF THE QKS. WE OBTAIN Tkr < 0.07 GeV.

® It Remains THE ConsTRUGTION OF A ParTicLE MopeL'® With THe APPROPRIATE COUPLINGS SO THAT ' ANNIHILATES INTO 1™ 11~
WitH THE DESIRED (0v) DERIVED SELF-CONSISTENTLY WITH THE (S)PARTICLE SPECTRUM.

9p, Feldman, Z. Liu and P. Nath (2009); R. Allahverdi et al. (2009); C. Balazs, N. Sahu and A. Mazumdar (2009)...
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CowmpariNGg wiTH THE FirTing To PAMELA anp ATIC DATA

PERFORMING A SIMILAR x> ANALsis WE FIND THAT THE FiT To PAMELA anp ATIC DATa IS POORER FOR yy — ™1~ THAN FOR

Xxx — €*e” BuT THE REQUIRED (0 v) 1S CLOSER TO (00)max - ALSO, X2|min /d.o.f o THE Fit To PAMELA anD FermI-LAT Dara 1s
LoweR THAN THE ONE OF THE FIT To PAMELA anD ATIC Dama.

ANNIHILATION ¥2 |min /| my/ (ov)/ {TV)max/ Q)(h2|sc /
MobEe dof TeV | 107 GeV™2 || 107 GeV™ 1074
Xy — ete” 67/26 0.74 7.14 33 3.8
- e || 7626 | 2 28.6 26 0.97
<1 B i.T
N £ {jj}z{_
i =0 --
;w 0.1 i\ > 10 S
: v
*, o o
e b =
e B 5
e’ PAMELA i) . | 3 aTc
—-—- xx—e'e & |- Xx—e'e
PP kel e N - - w10 ST XK = —
1 10 10 10 10 10 10
E, (GeV) E, (GeV)
C. PaLLis
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CONSTRAINTS IN THE 111, — (0"v) PLANE

o 100
2 2
o o
- N
o o 10
- -
= =
A A
=] =]
3 3
% vV ook
0.1

Firs o PAMELA Anp ATIC Data
XX o ete T XX 2 U
my (TeV) 0.47 2
(o) (GeV’Z) 2.1-1077 2.6-10°°
i 1538 1
[ o | 0.0012 i 0.0001
ComBINATIONS OF PARAMETERS YIELDING Q)(hz =0.11 IN The QKS For a = 0.5 anp 77 = 10° GeV
b 0 0.2 0.32 0 0.08
H/10% 0.88 1.35 1 35 3.7
Txr (GeV) 0.06 0.03 0.097 0.017 0.005
C. PaLLis
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