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AMS-02 antiprotons are consistent with a
sa&omdar‘v ‘ &s%rapkvsm&{ oriLgin

M. Boudaud, Y. Genoling, L, Derome, J.Lavalle,
D.Maarin, P. Salati, P.D. Serpico PRD RoRo
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Secondary pbar flux is predicted consistent with AMS-02 data
A dark moatter contribution would come as a tiny effect

“f“ramspor% and cross section uncerbtainkies are compara\btﬁ



Antimatter or y-rays sources from
. DARK MATTER

Annihilakion

ﬁeaav

P DM damsi&:j i the halo of the MW
My, DM mass
<ov> thermally averaged annthilation cross section in SM channel £

I DM decay time
e+, e- enerqy spectrum generated Ua a single annihilation or decay event

Annihilations take place in the whole diffusive halo



Amhpra&om produﬂhom bfj inelastic
s&&&%am%gs

doij

0 (15) = /quz 41 nism,j Gi(Li) = ds? a(”)(T T5,0).

Tin

dT— inv

— X He — X » :
PP —> pbar+ pHe => pbar + Most recent

cross seckion daka

V/5=7.7, 8.8, 12.3 and 17.3 GeV Vs = 110 GeV
T, = 31, 40, 80, 158 GeV Tp =65 TeV




Effect of galactic propagation

Grenolini+ 2103.04-10%

Galactic propagation has sEfcmS impact on Dark Matter induced fluxes

m, = 100 GeV &p =700 MV m,, = 100 GeV
{ov)p; = 50 (0V)1m . (0v) = (ov)un

(oV)ere- =10 {oV)tn - NFW profile
NFW profile

10
Antiproton rigidity R [GV]

Positron Energy E [GeV]

New AMS-02 sec/prim data allow reduction of propagation uncertainties



The prompt antiproton source spectrum

Korsmeier, D, DL Mauro, PRD 201¥%

FE B i S LHCD "E?He_ | 4 X data & our fit

10!

— — Param. | 10°F

—— Param. Il ==

=
o
I

—

1071

=
°
N

< 10-2
$10

[mb/GeV?]

9
e} -3
g0

z1074
6

=

9
N
N

[

103

= e
o ©
s &

- di Mauro
- Winkler
- KMO

10

-7 -7
10—0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05 10—0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05
X; Xf

-
|
w)
T
S
~
>
(5
O
S
~
N'Q
|_
=
o

[

<
N
w

The effect of LHCb data is ko select a high energy
trend of the pbar source.

A harder trend is PV@’F@WT‘E’;C&



Effects on the total pbar production

Korsmeier, FD, DL Mauro, 1¥02.03030, PRD R01¥%

The antiproton source term
s affected bj uncertainties of
* 10% from cross sections.

Higher unhcertainties
at very low energies

Resullk with uncertainkies in
Ehe hjpe_rom correction and
Lsospm viclakion




Isospin violation?

O_Galaxy 1nv(2 + AIS + 2AA)

mv

Traditionally, one mulkiplies bj 2 for antineutron it pp scatterings.
In H.Fischer (for NA49 Coll)) Acta Phys. Hung A17, 369 (Ro03) isospin asymmetbry is
claimed. Enhancement in antineutron pradu&:&mh

, 158 GeV/c = n+p >p X
proonS|np+p e p+p > D X
h?\ ~ . | p+p —>P

§*§+ +

® protons inn+p
® neutrons inp + p

01 02 03 04
X

0
-01 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

X F
F

This asymmetry should be kested. NA&L?



For hnext generation experiments

Korsmeier, FD, DL Mauro, 1¥02,.03030, PRD 201%

AMS-02 accuracy is reached if pp — pbar cross section is measured with
3% accuracy inside the regions, 30% oulside.



The new frontier of cosmic antiprotons:
low energies bfj GATS

Rogers et al. (GAPS Coll.) Astrop. Phys. 2023, 2206,12991

GAPS (105 day proj. stat.)
BESS Polar Il

BESS 95+97
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AMS-02

T
>
()
O
~
IL
n
T
n
W
£
<
O
l—
4
©
X
=
o

0.2 0.5
Kinetic Energy at TOA [GeV]

Sub-Gey am&iproiﬁcms will be measured i 2023 (and 2028, 2027)
bv GAPS. Robust F?rézdwﬁems are heeded:
cross sections, propagation, solar modulation






e+ proc&u@%wm channel s

We nclude all these

conkributions,
Similarly for collisions
wikth nuclet.

We mp@.a?ﬁ ALL Ehe
analysis for e~

under charge conjugation

L. Orusa, M. Di Mauro, FD, M. Korsmeier PRD 2022




A ﬁ&% is F?arﬂ‘fc}rmecl on the gy data

L. Orusa, M. DL Mauro, FD, M. Korsmeier PRD 2022

Experiment Vs [GeV]

NA49 17.3

ALICE 900

CMS 900, 2760, 7000, 13000
Antinucci 7" (3.0, 3.5, 4.9, 5.0, 6.1, 6.8)

(3.0, 3.5, 4.9, 5.0, 6.1, 6.8)
K+ (2.8, 3.0,3.2, 5.0, 6.1, 6.8)
K~ (4.9, 5.0, 6.1, 6.8)
6.3, 7.7, 8.8, 12.3, 17.3

We use data on ouy, the mulkiplicity n or both.



Results on the ouy for w+ production

L. Orusa, M. DL Mauro, FD, M. Korsmeier PRD 2022

— [mb/GeV]

>
()
O
=
Keo)
£
IS

3| 102

—_ T}=1GeV

— Tp=100 GeV —_— T+210 GeV
Tp=1000 GeV Te+ =100 GeV

— T,=10000 GeV — T} =500 GeV

do

101
Te“‘ [GeV]

Data are fitted with very small uncertainties
Our parameterizations resulk appropriate, data are very precise



Total cross section from pp—> e + X
| l L. Orusa, M. DL Mauro, FD, M. Korsmeier PRD 2022

T, =100 GeV

do/dT.+ [mb/GeV]
do/dT.+ [mb/GeV]

10° ' 10°
Te+ [GeV] Te+ [GeV]

T, =1000 GeV T, =10000 GeV

K
K
S.C.

= Total

do/dTe+ [mb/GeV]
do/dTe+ [mb/GeV]

10° 10! ' 10° 10! 10?
Te+ [GeV] Te+ [GeV]

ALl channels contributing »0.5% are included.
Uncertainty globally contained to <10%



Effect of scabtering off nuclel
. : L. Orusa, M. Di Mauro, FD, M. Korsmeier PRD 2022

We need a model for the scaltering involving He.
No daka are bhere, We rebj o NA49 p-ﬂ—Cwm*-r-X daka

NA49 Vs =17.3 GeV, n*

&
>
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O
g
o
e
o) ()
{1
Wy

101
-0.2 -0.1 0.0 0.1

Uncertainty is small, but very Likely is not true
Daka on He are mQﬂstarj



Final resulks on e+ cross section

L. Orusa, M. Di Mauro, FD, M. Korsmeier PRD 2022
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Productkion cross section is how khowi “"l"‘? 7% % umaer&aim&-j above
1 GeV. Below we extrapolate,
Comparison with MonteCarlo computations is done for p-p.
Similar results for e-.



The role of e secondaries

M. DL Mauro, FD, S. Manconi PRD 2021
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e+ secondaries contribute significantly to shape
the spectrum ot Earth.
The flux in the GeV region is Likely dominated by secondaries

A PRIMARY ESQMFQMQM& LS sura&v there at high ewnergies






| Amhdau%&rom Proc{uﬁhum in pr ﬂou.psnmms

Serksn:jf:e. eE od. ‘Ffi“D RO22 .
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(L) Evemimbjmavmm& (Mownte Carlo) gemma&ors and coalescence models

different generators may lead to bchLﬁFw‘:o\Muj dvﬁ@;r@mt Predntucms for Low energy
antideuterons, |

(R) Secondary amtnciezu%e,roms below 1GeV/n are strm\gbj suppressed



Statistical models, but they do ot provide any dynamical clue

| COALESCENCE MOdéi;é Pregiia& _‘monﬂam&um agﬂsgfab‘u&mns

e Uncorrelated
,sc,m["ie.s& reC}mremenE Pp Pr| < ot fatﬁor;aed SR (Bz S

| @Lorreta&ed Mow&e Carlo based modets Parbicles close n momenkum
and ijswai sgmt& “

o Wigher function represﬁv,\.&a&ous - semi-classical, wave functions



Ankideubterons pmsep&ives

7. Vo Doetinchem et al. ‘Phjs. Rep. 2021

—
<

55’ G;Ipro; (piairi diff) AMS—-02 Q\M&LFTOEQM data

, BESS-Polar |
, BESS-Polar Il
, PAMELA

, AMS-02

. GAPS 40d proj AM&&&QM&QY(}M PT&&&@&&QMS
N for DM model indicated bj
Fbm' AMS-02 daka

flux [(s m’sr GeV/n)™|

p
p
p
p
p

. i d,GAPS Lo
e O B B

Bands are for coalescence
uncertainty

- (W4, s~ bb, 70GeVv I3, secondary [[]4, tertiary] :

1 10
kinetic energy [GeV/n]

Uneertainkies on P is 2 .70%



" Go m'r: ius Lo ms
Grea& eﬂ:orﬁs Ec} beEEer umd@_rsﬁav\d M.u,dm av\d amhv\uci.e:, m L.f?;‘S
- &heor:j mode.i.s, cio&a nfrom spm:e, ;;’m&a {rom taiuders

‘T‘ke_ Lc::-w emargy (< 1 Ge_\f/m) mmdom lz@.aps verfj exc::,&ma {or o
dns&ovames bv am&pra&ons 8 |

rayagahom w\tex&am&ms are reduaad Eo a fac&or 5
amd close to be &w&her s:,z.ed .

wusmm has been studied both Ekearah«:ati.j and Fhenomenotogmauj
| And the umaer&am&es on ‘Pc s * 70%

Antiprotons: Low i’emergiés, Lsospin violation, He tarqget
Positrons or  and K= good state |

PS. 0 = 2y almost s&t;» dota



Ama\%%wai nfarmui.a@. for e proc&uﬂhom XS

L. Orusa, M. DL Mauro, £D, M. Korsmeier PRD 2022

The procedure is fully data driven

F.(pr,zr) = (1 —zRr)*®

. pr — c10\ ™
p(s,pr,2R) = (1 — TR)™ exp(—c3zRr) T (8) X eXp l_c-"pT - (T
. crv/ 8/ 30 6
X exp [—cs s/s0 ’ <Pr2r +m2 — mw) ] X l013 exp(—c14 p7°TR) +
_ Ci9
+cC16 €XP (— (Ich Cl7|) )]
18

Fs and mainly driven bj NA49 daka
High enerqy behavior A(s) tested on CMS and ALICE daka



Daka correction for feed-down

The pion pradu{:&wv\ cross section can conkain (or not) the plons
From weak decays of strange particles.

C. AlE et al., Eur, Phys, 3. C, 2008

Almostk all the data e.x&e.p&

the older ones are feed-dowin
corrected.

When not, we correct for it.

NA49 pr integrated, MC



Lomg&msom wp%k Mownte Carlo generators

Koto\obskuj et al,, PRD 2021, 2110,00496

Resulks with Aafrag

EP =100 GeV, e '}’t\\\ e~ AAFrag (QGSJET-1I-04m)
’ \ e' AAFrag (QGSJET-11-04m)
e Kelner2006 SIBYLL
— ¢~ Kamae2006 Pythia 6.2
e* Kamae2006 Pythia 6.2

E?-do/dE, mb-GeV

w— €~ AAfrag (QGSJET-11-04m)

= = e* AAfrag (QGSJET-11-04m)

—— e~ Kamae2006 Pythia 6.2

-== e* Kamae2006 Pythia 6.2
e Kelner2006 SIBYLL

I
Q
g
—
5
| ¥
Q
e
=}
=
©
|~

ratio to AAFrag e

1072 107! 10° 10! 10?
Ee, GeV

FIG. 9: Electron and positron fluxes for a power-law cosmic
ray spectrum (o< 1/p* exp(—p/po)) -

Different MC modelings lead ko considerable differences in the
Production cross section, and consequently on the source spectrum



Resulks ot Large sgr(s)

L. Orusa, M. DL Mauro, FD, M. Korsmeier PRD 2022

We use O or mulkiplicity

ALICE, VS=0.9 TeV, |y|<0.5
CMS, VS=0.9 TeV, |y|<1
CMS, V5s=2.76 TeV, |y|<1
CMS, Vs=7 TeV, |y|<1
CMS, V5=13 TeV. |y|<1
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Uncertainkies bebween 5% and 10% - wost relevant is % ot Llow al



Possible antideuteron verification of
Dark Matter hint i antiprotons

P =124 (62) MeV S Pz 248 (124) MeV

coal

005 BESS limit 05 BESS limit
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DM am&igro&ams pcss&bbj hidden in AMS daka are
potentially testable b\j AMS and GAFS



