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Standard approach: proton-proton cross section from the tail fit

@ this work 4 Telescope Array (2015, 2020)
10F % Augeroiz)  —-- sibyi23d
$  Auger(2015) —— EPOS-LHC
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Standard approach: proton-proton cross section from the tail fit

*In original analysis (Phys. Rev. Let. 109, 2012) o, i,

@  this work 4 Telescope Array (2015, 2020)
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Standard approach: proton-proton cross section from the tail fit

@  this work 4 Telescope Array (2015, 2020)
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Simultaneous Mass Composition and Cross Section Measurement

@ Why?

Assumptions in the Standard Analyses:

@ Mass Composition:
Assumes validity of a specific interaction model.

@ Interaction Cross Section:
Relies on a proton-dominated tail of the X, distribution.
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Simultaneous Mass Composition and Cross Section Measurement

© Why?
Assumptions in the Standard Analyses:
@ Mass Composition:
Assumes validity of a specific interaction model.
@ Interaction Cross Section:
Relies on a proton-dominated tail of the X, distribution.

@ Vary the proton-proton cross section

@ Perform a standard composition fit
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Simultaneous Mass Composition and Cross Section Measurement

@ Why?

Assumptions in the Standard Analyses:
@ Mass Composition:
Assumes validity of a specific interaction model.
@ Interaction Cross Section:
Relies on a proton-dominated tail of the X, distribution.

¢ How?

the interaction cross sections and

cosmic-ray primary composition

@ Vary the proton-proton cross section self-consistent estimation of
—
@ Perform a standard composition fit
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Rescaling of the interaction cross section

_ A air shower T
fise, | —— |omeqa| — | Glauber| — agof“ | smulations| Xmax distributions
. V5 [GeV]
Rescale the proton-proton cross section: 2510 o »s
— o M=05
PP PP ) .
Tmod = %orig fpp(E()? E)? 2.0+ ge 0 =20 .
o =30
= — e 19 L
3 S
with a linear scaling factor fPP(Ey, E): <ist
& R
- I’Q v
lg(E/Eo) © e
fPP(Ep, E) = 14+ H(E—Eo) (P —1) ==L —% O SR 130
. ) ‘
' eE g(E/E) e,
0.5} Sibyll2.3d | 107 eV B
Same approach for cross section modification as in original 3 N3 NTS 20
analysisl’2 but instead of o, _,i, we directly modify opy, 10 10 10 10

* H is a Heaviside function;

* fige1 is the rescaling factor at £ = E; (here E1 = 10%° ev);

1
Phys. Rev. Let. 109 (2012) 062002.
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energy per nucleon E /A [eV]

* Threshold Eg sets an energy above which cross sections are modified;
* Modified implementation of Sibyll 2.3d hadronic interaction model.

2
R. Ulrich et al, Phys. Rev. D 83 (2011) 054026 .
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10000 F proton simulations

Algorithm: fitting procedure

Q get the X distributions for
the discrete set of flgg values;

1000

events

@ perform the 4-component binned 1000 -

maximum likelihood mass
composition with for varied:
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Algorithm: fitting procedure

Q get the X distributions for
the discrete set of flgg values;

@ perform the 4-component binned
maximum likelihood mass
composition with for varied:

o rescaling factor f72 [0.2, 3.0]

o shift in the Xyayx [-50, 40] g/cm?
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Algorithm: fitting procedure

Q get the X distributions for
the discrete set of flgg values;

@ perform the 4-component binned

maximum likelihood mass
composition with for varied:

o rescaling factor f72 [0.2, 3.0]
o shift in the Xyayx [-50, 40] g/cm?

@ sum x?2 for each § Xinax and ﬁgz
over the considered energy range;
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Algorithm: fitting procedure

Q get the X distributions for
the discrete set of flgg values;

events

@ perform the 4-component binned 1000 -
maximum likelihood mass sl

1T weev=192103

composition with for varied:

10000 F

o rescaling factor f72 [0.2, 3.0] REETT

1

o shift in the Xjax [-50, 40] g/cm? <«

@ sum x?2 for each § Xinax and ﬁgz !
over the considered energy range; ol

@ find the best-fit x2 and get the =
corresponding cross section oy,
shift d Xnax, and composition. =
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Systematic uncertainties

Origin Impact on app, %  Impact on ¢ Xmax, g/cm?
Energy scale -3.1 fi
Detector effects ﬂz +1
E-dependent Xjax Syst. + 2 +7
Composition - +5
Elasticity ﬂ? J_ré
Multiplicity +9 fé

Under evaluation: mass-dependent shift in Xax

Decrease in uncertainty compared to standard analyses:

@ up to 25% He-fraction bias; @ Xpax scale systematics.
p-p cross sections
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Composition-related bias

Simulations for 10*78-10""-° eV energy bin
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Composition-related bias
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Why fitting a shift in X, matter
Fit with the modified Sibyll 2.3d to QGSJETII.4 and Sibyll 2.1 simulations
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Why fitting a shift in X, matter
Fit with the modified Sibyll 2.3d to QGSJETII.4 and Sibyll 2.1 simulations
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-
Analysis Results

assuming the Auger-like data in simulations
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-
Analysis Results

assuming the Auger-like data in simulations
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*statistical uncertainty on the mass & xsec fit is from averaging the 100 sim. data realizations

Olena Tkachenko p-p cross sections 20/11/2024 11 /13



-
Analysis Results

assuming the Auger-like data in simulations, including possible systematics
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*statistical /systematical uncertainties correspond to one sim. data realization
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Summary
100F & his work 9
Simultaneous estimation of the cosmic-ray mass , wp B semtes it ¢
composition and proton-proton interaction cross section: e .
@ Remove degeneracy from previous analyses: " o0,
oLe® L4 o o o oo
e independent on the underlying composition; R
e independent on the underlying cross section;
@ Improvement in the statistical /systematic uncertainty .
compared to standard analyses: o0 PR
140 & ALICE
o supressed He fraction-related systematics pof e U
e supressed X ax scale systematics _10 /Qﬁm‘
@ Higher confidence in the estimation; s g
60 P ¥
Future plans aopr
. . . . 20
o Careful evaluation of the potenital biases and systematics .
101 1010 10"
@ Apply to the full Phase | Auger data Flev]
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Back-up
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Mass composition from data
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*default cross section and Xi,ax scale
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|
Energy-dependent X,,.x Systematics

Distribution of fit results assuming the energy-dependent shifts in Xyax scale

20 E E sol: E fF —— mean
! ! [ | Dean std.
i | Y [ std. if 8 Xmax = 0
15+ i H 40 - : E i H
2 | 230t |
= ! = !
5 .40 : : 3 !
g 10 i i S :
1 20 s
5t ; ;
| 10+ ! :
0 ‘ E : - oli M i N
20 —10 0 10 20 1.00 1.10 1.15

*100 simulated data realizations
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|
Energy-dependent X,,.x systematics

Distribution of fit results assuming the energy-dependent shifts in Xy.x scale

20 i i E I —— mean
! ! 50 - !
! ! E """ std.
i ; PO std. if §Ximax = 0
SO i N
2 | @ Standard deviation of the distributions =
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i uncertainty on cross section
5r i
’ U ] |
0 L E L I | | 0 : I P ‘i I iﬂ I i I
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X 19
max pp

*100 simulated data realizations

Olena Tkachenko p-p cross sections 20/11/2024 13 /13



Mass composition measurements: effect of cross secti

on rescaling

1O o Sibyll 2.3d G- 20% W Sibyll 2.3d oy 4 Sibyll 2.3d o+ 20%
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Z0.5 o mm o4t = ¢ oms 4 CDFETI0 D
-t gy gy - o« w4 e % 00t P
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Rescaling by + 20% at 10° eV
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Fit results for the different composition scenarios

H—dominalé:d
——

N-dominated
——

i He-dominated
| ———

equal composition

0.95 1.00 105 1L1c

fPP

19

*Contstant composition over the considered energy range
*Number of events in each energy bin the same as in Auger data
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