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DAMPE is a satellite-borne particle detector proposed in the
framework of the Strategic Pioneer Program on Space Science,
promoted by the Chinese Academy of Sciences (CAS).
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Data Sample

0 ON-ORBIT DATA SAMPLE:
EEE———
54 months of on-orbit data from January 1st, 2016 to June 30th 2020

Daily counts

South Atlantic Anomaly (SAA) (~4.9% of O.T.
/

On-orbit calibration (~1.7% of O.T.)

Instrumental dead time (~17.2% of O.T.)

8 8 & 8 o 8 5 8 8

O EXPOSURE TIME:
1.08 - 10°s, 76% of the O.T.

31;’%2/15 01/07/16 31/12/16 01/07117 31/12/17 02/07/18 31/12/18 02/07/19 3112119 01/07/20
Day/month/year

|

O SIMULATION DATA SAMPLE: Accumulated

HELIUM:
GEANT4 FTFP_BERT from 10GeV to 500TeV -
FLUKA 10GeV-500TeV 3000

2000

PROTONS:
GEANT4 FTFP_BERT from 10GeV to 100TeV 0191-16 01-07-16 311216 01-07-17 31-12-17 02-07-18 31-12-18 ozo%:nse[:é;;zn:c?nmgaﬁ?
CRMC-GEANT4 from 100TeV to 1PeV

1000
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Event selection (1)

/'
N
South Atlantic Anomaly events exclusion
HET activation:
P ; ; Ege, > 13MIPs in first 3 BGO Layers
Nhits>=3 && Chi2Ndof< 35 && Maximum total ADC of track o5 Eye,> 2.4 MIPs in 4th BGO Layer

(1 MIPggo = 23 MeV)
Agirs<25 mm between STK and first 4 BGO layers, A;i#<90 mm between BGO and STK track on the PSD

Selected STK track crossing the full detector

Elayermax<35% && Top-down development of the shower

/

YOZ view [1848.225 GeV] XOZ view [1848.225 GeV]
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Event selection (11)

Three independent charge measurements provided by the 2 layers of the PSD and by the first layer of the STK.

4
PSD Charge Selection : 1.85 + 0.02 log 15"2"; <Zyxx) <2.8+0.007 (log %)

STK Charge Selection : ADCrrgngine > 120

PSD charge
N

____________________ 1st layer

S A LR 2nd layer
According to the Bethe-Bloch formula, the energy
released through ionization inside the PSD by a
crossing CR is proportional to the square of its

charge.

BETHE-BLOCH FORMULA ﬁ < 72

dx

10
Bgo energy [GeV]
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DA E Systematics: Proton background

Freve gxv

Istituto Nazionale di Fisica Nucleare

0.316<E,, /TeV<0.501 1.259<E,, /TeV<1.995 i 19.953<E,,, /TeV<70.795

—e— Flight data
--=--- MC proton
--==-- MC helium
—— MC proton+heligm

—e— Flight data
------ MC proton
------ MC helium
—— MC proton+helium

—e— Flight data
MC proton
MC helium
—— MC proton+helium

Number of events
Number of events
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PSD charge PSD charge

Template-Fit based on MC simulation data.
Systematic uncertainty due to proton background oy, 4:

energy of 20 GeV to ~4% for 60 Te

05

10* 1
Deposited energy [GeV]
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¢ @lloaw’s Sy stematics: High Energy Trigger efficiency
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Unbiased Trigger: Ey,,>0.4 MIPs in first 2 BGO layers

-
o

—— MC helium

Pre-scaling factors of Unbiased Trigger:
» 1/512 in the latitude range [-20°;20°]

» 1/204 at higher latitudes

—o— Flight helium

HET efficiency

©
oo

©
(o2}

NHET|URD

EHET —
NUnb

Nyeruny © HE & Unb triggers activated

Ny, - Unb trigger activated

Systematic uncertainty due to HET: - -
2 3 4 5
Depcjsoited energy [Gej\/D]

O-HET~4% UptO"" 1TeV
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e Blleam e Sy stematics: Track reconstruction efficiency
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>1.05
_ Npspistk|BGo 3
€Track = N g
PSD|BGO [
X
*  Npspisieso - NUmMber of events selected by the 50 0
analysis |

—e— MC helium

* Npsppeo - Number of events selected by using
—— Flight data

track information provided only by PSD and
BGO

Systematic uncertainty due to Track selection:

Otrack found to be within 0.5% up to 100 TeV

10°

0"
Deposited energy [GeV]
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»am e Systemnatics: Charge reconstruction efficiency

Charge reconstruction efficiency computed for both the PSD layers separately with the help of the 1st STK layer.

Charge efficiency

Ratio[Data/MC]

1st PSD layer
—e— MC helium
——e— Flight data

)_,—c.—t—O—'_"_‘_"_‘— oo+ o5 | o 05—

o o - - -
© © (=] (=] -
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1

- -3~
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, i S S jﬂ%

Charge efficiency

2nd PSD layer
—e— MC helium
——e— Flight data

Ratio[Data/MC]
o - - -
[(s] o o -
(6] o o o

©
©
o

1 10°
Deposited energy [GeV]

N psp1st|PSD2nd|STK1st

€pspist =
Npspand|sTK1st

Epsp2nd —

Combined systematic uncertainty due to Charge reconstruction:

acharge

10° 10°
Deposited energy [GeV]

N psp1st|PSD2nd|STK1st

N psp1st|sTK1st

~3.5% upto10TeV

Charge efficiency

STK first point
—se— MC helium
—e— Flight data

10 10°
Deposited energy [GeV]

Npsp|sTr1st

ESTK1st —
Ngrkist



Differential flux in the i-th bin of primay energy:

O(Lj, By + ﬂEi) — AE; Aog; AT

AN; : number of detected incident helium nuclei in the i-th
primary energy bin of width E;

AT : is the total detector livetime which is 1.08 - 108s

A - effective acceptance of the DAMPE detector as a function
of the primary energy for the incoming CR helium nuclei at a
given i-th bin of incident energy

Npa,ss,i

Aeff,i — Agen X

Ngen,i

Agen - geometrical factor used in MC simulation of an isotropic
CR helium flux generated above a sphere with R=1.0 m

Ngeni : total number of generated events in the i-th of primary
energy

Npass,i - Number of events selected by the the analysis, in a given
I-th of primary energy

Effective Acceptance

AN;
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10° 10°

10° 10°
MC true Energy (GeV)

We use an Unfolding procedure by adopting a

Bayesian method.

G. D’Agostini, Nucl. Instrum. Meth.

A 362 (1995)

Unfolding procedure for energy estimate

The limited thickness of the DAMPE calorimeter (~ 1.62 nuclear
interaction lengths) significantly affects the energy response. In fact, only a
part of the total particle energy is deposited inside the detector (~ 40% at 10
TeV), decreasing with the true energy due to a deeper development of the
showers inside the calorimeter.
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Incident energy [GeV]

—— HET trigger Isotope

—— STK track Unfolding
Charge selection —— Hadronic model
Background —— Statistics
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10 10°
Incident energy [GeV]
statistical uncertainties
— 2 2 2 2 2 2
0 ana = _|OHET + GCharge + Otrack + abg + aunf + Oiso

o, ~ 0.2% isotope uncertainty obtained by varing the ratio of He? and He*
measured by AMS-02 by 5%.

ount ~ 1% unfolding uncertainty evaluated both re-weighting the MC simulations
by varying the spectral index from 2.0 to 3.0 and checking the differences with the
result obtained by repeating the analysis with 14 BGO layers.

VO gnat Ohad » Onaq O0taiNed from the comparison with
FLUKA MC simulations.

The DAMPE measurement of the helium energy spectrum confirms the observation of a spectral hardening at TeV-energies
previously highlighted by other experiments and clearly shows an evidence of a spectral softening at tens of TeV.
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PAMELA (2011)
AMS-02 (2017)
CREAM-III (2017)
NUCLEON (KLEM;2017)
DAMPE (this work)
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10°
Kinetic energy [GeV/n]

10*

—— HET trigger Isotope

—— STK track Unfolding
Charge selection —— Hadronic model
Background —— Statistics
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10 10°
Incident energy [GeV]

statistical uncertainties

— 2 2 2
Oana = [Ofer T OCharge + Ofrack T abg + O' unf + GLSO

o, ~ 0.2% isotope uncertainty obtained by varing the ratio of He? and He*
measured by AMS-02 by 5%.

ount ~ 1% unfolding uncertainty evaluated both re-weighting the MC simulations
by varying the spectral index from 2.0 to 3.0 and checking the differences with the
result obtained by repeating the analysis with 14 BGO layers.

VO gnat Ohad » Onaq O0taiNed from the comparison with
FLUKA MC simulations.

The DAMPE measurement of the helium energy spectrum confirms the observation of a spectral hardening at TeV-energies
previously highlighted by other experiments and clearly shows an evidence of a spectral softening at tens of TeV.
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Helium flux fit - Softening

Fit of the softening structure with a Smoothly Broken Power-Law
(SBPL) in the energy range [6.8 TeV - 80 TeV].

E\ E
®(E) = @, <ﬁ> 1+ (E—b>

E, = 344187 TeV
l by = 2.4159.08'02

0.02
Ay = —0.51%835
s = 5.0 (fixed)

Significance of the softening: ~ 4.3 o

s1Av/w

DAMPE proton spectrum

10°* 10°
Incident energy [GeV]

By comparing the implications of this result with the softening observed by DAMPE
In the proton energy spectrum at ~13.6 TeV, it turns out a charge-dependent softening
energy, even if a mass-dependence of the structure cannot be ruled out.

Q. An et al. (DAMPE Collaboration), Sci. Adv. 5, eaax3793, (2019).

10°* 10°
Kinetic Energy [GeV]
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- » The measurement of the Galactic CR Helium flux from 70 GeV up
to 80 TeV has been obtained by analyzing the on-orbit data
provided by the DAMPE satellite during 54 months of data-taking

» The result shows a good agreement with other experiments within
the uncertainties

» A spectral hardening has been observed, confirming previous
results by other experiments but with higher energy resolution

» A softening structure has been clearly observed at energy
E,~ 34 TeV for the first time with a significance of ~4.3 ¢

1 N

» This measurement has been validated by three independent
analyses which are consistent within the analysis uncertainty
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