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Measuring light elements in space
(i.e. proton + helium spectrum)
gives the possibility to compare
results between
direct and indirect experiments
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Study of light (p+He) CR component: motivations

Looser cuts
Possibility to go to
higher energy
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The DAMPE space mission

The DArk Matter Particle Explorer (DAMPE) is a satellite-based experiment

DAMPE was successfully launched
on December 17" 2015 from
the Jiuquan Satellite Launch Center

HTTP:/IZZ.81.CN

RBIT: Sun-synchronou
> ALTITUDE: 500 km
INCLINATION: 97°

PERIOD: 95 minutes
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DAMI E

The main objectives
of the DAMPE mission are:
* Study of galactic
cosmic-ray physics
« Dark matter searches
* High-energy
gamma-ray astronomy
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Plastic Scintillator Detector (PSD) ~ Silicon-Tungsten tracKer (STK)

J. Chang et al., Astrop. Phys. 95(2017)6-24

PSD
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Charge measurement +

STK identification of electrons and

Silicon strips (precise tracking) +

BGO Calorimeter (BGO) NeUtron Detector (NUD)

X Layer (22 BGO bars)

Y Layer

14 Layers

Eneri measurement + e/i
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doi:10.1038/nature24475|

DAMPE collects ~5 million CR events per day

—t—Direct detection of a break in the teraelectronvolt
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* Energy deposited in the BGO calorimeter > 20 GeV to avoid
the effect of the geomagnetic rigidity cutoff

Preselection » ° Rejection of events entering the detector from the side and
of good quality events events with maximum energy deposition at the edge of the BGO

* The track has to be fully contained in the PSD

Track selection — » + Match of the track reconstructed in BGO & STK and PSD & STK

DAMPEXZ E=03.624 GsV DAMPE YZ E=93624 GeV

. . 3 e p— el i SR
Trigger selection N3 L — — ﬁ——
( ' o T ——rm | e BGO
e m— el LF _:E i
* Events must activate the High i ' o
: i
’i,

Energy Trigger of DAMPE . 7 oof- o QTK

(energy deposition in the top 4 BGO o * T ; 418

layers exceeding the threshold of ~10 3 : - » PSD

MIPS in each hit BGO bar) 600 — ’J!ZD 3 ! ‘ ‘*ILU — I; * lejj - ICIIEI + a0 a —600 * I—\:]CI . *ZIUJ i - CII 1 l. : I\?IIU " ll‘)] * ' 600 g
Incoming particle Incoming particle

Francesca Alemanno on behalf of the DAMPE collaboration
Measurement of the light nuclei energy spectra with the DAMPE space mission 7

COSPAR 2022, 16-24/07/2022



pARE MATTER

) . . . . .
> KR o Particle selection and identification e

"T'Cu Ex?LO

-1 <

IIIIIIIIllIIIIIIlImNMlp

B - PsonulPs
o 200 |— : :__
. L 3
. L [ 2
» - 1
L 0 | Erae i 0
- EENEEEF 0N B W, :  |8Go Eney B B ::::C =
. |sco: mev S— 3 L |Bco:mev i ey
et EENEV AEEEEROE /N ) EEE o [ o | a5
200 |- b 200 [ e >
i Som ) @oeE IEEEE i y - N
BGO_ (TTTT :‘5 L O LTI I 1 - ’
B o5 L EEEEEEWiEEEEEEEEEEEEEE 05 - 1
400 |~ o 400 IIIiIIIh'IIiIIIIIIIIIIIII 5 - 0.5
b - .. | = INEEEEEEEEEEEN.'EEEEEEEN| 0
- _ ] i Bk
m L 1 i 1 A L 1 L I 1 L I“J BDD L L 1 I L 1 1 I'/I 1 ' I L 1 1 I 1 1 Im B —Bw \
-600 -400 -200 0 200 400 600 -800 -400 -200 0 200 400 600 T A RN B i l@
600 -400 -200 0 200 400 600

Plots from F. Gargano @MG15 ROME 2018
Francesca Alemanno on behalf of the DAMPE collaboration

COSPAR 2022, 16-24/07/2022 Measurement of the light nuclei energy spectra with the DAMPE space mission 8



pARE MATTER

’léN/m Identification of nuclei DAMI E
X LE £xrLO

‘ D Plane-Y
o D D D e D D Plane-X

107

] LTTT1

e

Nuclei Charge

Charge measurement also
Resolution

performed by and (with
DWC DT C D'

10°

0.13
0.12
0.14

UL IIHHl

10°

PSD Charge

i

UL FIIHII

——

B l Fe 0.21 J
0.17
Ti Cr 0.18 s
Ni 0.21 N
0.21
0.32 :

Counts

104

LI lIIIIIl

10°

roton

e s b

10 10° 10° 10°
BGO Energy (GeV)

L1 1IN

11 1 1 I L1 1 | ! L1 I I L1 1 1 I L1 1 1 I L1 |

5 10 15 20 o 30
Charge

o

Francesca Alemanno on behalf of the DAMPE collaboration
COSPAR 2022, 16-24/07/2022 Measurement of the light nuclei energy spectra with the DAMPE space mission 9




w

)
INFN

g

Charge
selection

Acceptance

Number of events

Effective acceptance (m?sr)

Proton spectrum

45001 ‘ ; . .
F 0.447 <E,_[TeV < 0.562 =e=Higdaa i
4000 - p ; ---- MC proten - —&— Helium contamination
[ G el - 108 —e— Electron contamination E
F o —— MC proton + helium -
3500[ p 3 _?_
3000F TR |
x =OROHOTOLOMOIOY,
L o) FOLOrOr0.
A nat
£ be Contamination
2000 E 10k d
i) -
G2 = L .
ot ; “w*+m+ﬁ’ﬁ+
10001 102 e
so0f
G’ "] 1-|5 = "7‘-:{-- = 107 L |3 | B
BEbER 102 10 10
charge Deposited energy (GeV)
0.05 — == e
ot — HE trigger ~—— Background — Statistic
i otap + Py — STK track Unfolding
0,04 Lt . ) —— Charge selection ~ —— Hadronic model
[ . 10F
ot SR ]
oo < —=
| IS —— — B bl 8 ——=
as =
..... £ == e ey e R T — .
g 3 Uncertainty
F .. 8 1_
0.02 - i 5
- . N(Ei, sel)
L A A =G X il e
[ acc — Mgen AT ()
001 o \ /1 / 10'1— _:
[ e :
[ @
0-4? vy P v . D. o1 1 1 1
10? 10° 10* 10° 10? 10° 10* 10°

COSPAR 2022, 16-24/07/2022

Incident energy (GeV)

Incident energy (GeV)

Francesca Alemanno on behalf of the DAMPE collaboration
Measurement of the light nuclei energy spectra with the DAMPE space mission




L Hehum spectrum

16000 NN q T YF &
F 0. 316{Edep;"l'e\.-*<0 501 : ] & F .
14000 [ : 1 £ ¢ ]
- —e— Flight data 7 E i d
2 12000 ... MG proton H4 s
Ch g 10000 """ MC helium - (_g) B i
aree “— - —— MC proton+helium ] . .
1 t'g S 8000 El -+ Contamination
Selection 3 : ] - ]
£ 6000 |- - L ]
3 o ] L 4
= C ]
4000 - . - .
2000 |~ - - protons 1
0 C | Ty -0 W | -] 101l .w]w-(l)z jralllglipey H.i[l)a e IR Ill\]\-(I)A ULl sl H.i(\JS
0.5 1 15 2 25 3 Deposited energy [GeV]
PSD charge
_I FTITTELE T T G | T T TITTTTE T T | e i Ii ;\a T L e i V. ‘ T T | T \
C o] 100 —— HET trigger _— Isotope'z —
0.07 — el (ETE —— STK track Unfolding 3
= E ho:o« 3 Sk —— Charge selection — Hadronic model .
@ 0.06 — o =] e (= Background —— Statistics il
o E Tyl 1 5 —
£ G N 1 10 —
= [y = 1 = =
§ 005 = oo~ . = —'_'_'_,_.-—'_'_'i
o E o ] B ]
S 0.04 -0~ — :
Acceptance ~ §oot = N — 71 Uncertainty
© - O . = =
o 003 i 2 e =
L N (E%, sel) 1 - ]
] = — X : = - i
T acc gen N( 8 ) ; m—l%
= - :
= O~ < | Bl
0.00 e | . sl : . | il 102 ksl Ll PR i AT .
10° 10° 10 10° 10? 10° 10" 10°
Incident energy [GeV] Incident energy [GeV]

Francesca Alemanno on behalf of the DAMPE collaboration

COSPAR 2022, 16-24/07/2022 Measurement of the light nuclei energy spectra with the DAMPE space mission



INFN p+He spectrum

T]

2 :1.I.VV L L B L B 2 o\° §"""'| T R R R 3
g 40 : + Flight data 27 g E —=eo— Electron contamination E
§ E —— Langaus fit protons E § [ —®— Lithium contamination PTEIImIHafy il
S 35 — € 10k =
'g = —— Langaus fit helium i 5 = E
ER 3 s F =
Z 30 = c [ ]
E 0158 <E ,, /TeV <0251 7 3 |
25— - Ee 3
Charge - . 2 E ..
1 & j): : e —+— ] Contamination
= = Iz fad ]
se eCthIl E ] il Al |
15:— —: § —_— E
- 1 il —— i
10F- = i B i
s E E Ty E
E 2 B ++ ]
Oy L)y L T —— ! =) B ) Y BT B .= SEITT R
0 10 15 25 30 35 102 108 10*
PSD Gilobal Energy (MeV) Calo Denosited Fnerav (GeV)
0 e — T T =TT = 102 T — T T T —
e = = =
0.09 E = e —— Statistics —— p-He mix =
i E Preliminary E -% E — HET trigger Unfolding 1
0.08— — § ii Charge selection —— Hadronic model 5|
rg E & ‘ = S 10 :_|—|_|_ Track selection ~— Smearing Correctiorn_,__,—'t:
o 0.07— = « =
foort ey B ﬁ
80.06F- o i = i = —1 ]
8 E ot S l:f=;——I— .
Acceptance 2 oont- o E ® : Uncertainty
3] E = E =
0 0.04F N l = - :
i sel) 3 , i
o003 Az = > ( T 3
o if’ acc — ~gen N(El ) 3 10 =
o i = A= =
L T/ : Preliminary 3
0.01F = L d
0:\||| vl Lol S BN | 3 10—2\||||| L el a4y bt g | L
3 5 2 3 4 5
102 10 10t 10 10 10 10 Enely (GeV)

Incident energy (GeV)

Francesca Alemanno on behalf of the DAMPE collaboration

COSPAR 2022, 16-24/07/2022 Measurement of the light nuclei energy spectra with the DAMPE space mission



?(”j” Energy reconstruction DAMI E

»
< 3
X icL pxrLd

The nuclear interaction length of DAMPE is ~ 1.6. Therefore, for protons and helium nuclei, a certain fraction of
primary energy is undetectable. The energy deposition for protons and helium nuclei in the BGO is only 35% - 40%

In order to obtain the primary energy of an entering event, a method based on the Bayes theorem is used.

Using this formula, the primary spectrum can be obtained from the observed spectrum in the BGO calorimeter
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= B il
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* General agreement with DAMPE proton and helium independent analyses
* Evidence of the combined proton and helium softening at ~25 TeV
» Extension to higher energy (300 TeV) and comparison with ground-based experiments
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gl Conclusions

 The DArk Matter Particle Explorer, was launched in December 2015 and it is smoothly
taking data since then

» Direct detection of a break at ~1 TeV in the electrons and positrons spectrum
= * Detection of a softening at ~14 TeV in the proton spectrum

 First detection of a softening in the helium spectrum at ~34 TeV, suggesting a Z ——
dependence

B ° Evidence of a combined proton and helium softening in the p+He spectrum at ~25 TeV

» Comparison between space-based and ground-based experiments

Thank you for the attention!




