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<Xmax> [glcmz]

<Xmax> measurements above 1018 eV
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due to differences in the analyses the above <Xmax> values can not be

directly compared



Comparing the observed <Xmax> values with the expectations for proton and iron
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<Xmax> [g/cm’]

Are the differences due to issues in any of the analysis?
<Xmax> as a function of time
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Are the differences due to issues in any of the analysis?

<Xmax> for vertical and inclined showers

Vertical Showers, Zenith < 38° Inclined Showers, Zenith > 38°
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Are the differences due to issues in any of the analysis?

<Xmax> for vertical and inclined showers

Vertical Showers, Zenith < 38°
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The measured <Xmax> values change, but the expected <Xmax> values

also change by a similar amount. Therefore, in both cases the data is

statistically consistent with proton-QGSJET-II.



Are the differences due to issues in any of the analysis?

<Xmax> for vertical and inclined showers
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The <Xmax> values fluctuate within statistical uncertainties.



Are the differences due to issues in any of the analysis?

Validation of the detector simulations

Auger uses detector simulations HiRes/TA uses detector simulations

to estimate: to estimate:
- the average_Xmax reconstruction
bias as a function of energy. This is -the expected Xmax distributions after all
used to correct the observed mean detector effects. These expectations are
Xmax values. (after applying fiducial estimated for different cosmic ray
volume cuts, this correction is primaries. The expected and observed
smaller than 4 g/cm2). Xmax distributions are compared to infer

the average cosmic ray composition.

- the average_Xmax resolution as a
function of energy. This resolution is
used to correct the observed
RMS(Xmax). (the resolution is about
[20-25] g/cm?)

... S0, it is important to provide evidence of the validity of the MC simulations ... g



Validation of the detector simulations (HiRes)

Comparing real data distributions with expectations from

detector simulations (solid lines).
(the model QGSJETII has been used for all these plots)
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Validation of the detector simulations (TA)

Comparing real data distributions with expectations from

detector simulations (solid lines).
(the model QGSJETII has been used for all these plots)
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Validation of the detector simulations (TA)

Distribution of core location
(0 means showers landing at the center of the array)
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Validation of the detector simulations (TA)

Distribution of shower-detector distance
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Validation of the detector simulations (TA)
Distribution of shower inclinations within the SDP
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events

Validation of the detector simulations (Auger)

Comparing real data distributions with expectations from

detector simulations (solid lines).
(the model QGSJETII has been used for all these plots)
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Validation of the detector simulations (Auger)

Comparing real data distributions with expectations from

detector simulations (solid lines).
(the model QGSJETII has been used for all these plots)
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Questions relevant to the Auger analysis

(a) Have you performed an analysis in the style of HiRes/TA, in which you perform de-

tector response and triggering simulations and then compare data to Monte Carlo
with identical cuts? What, if any, is the outcome of that analysis?
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<Kmax> (Q/C mE}

Questions relevant to the Auger analysis

(a) Have you performed an analysis in the style of HiRes/TA, in which you perform de-
tector response and triggering simulations and then compare data to Monte Carlo
with identical cuts? What, if any, is the outcome of that analysis?
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Questions relevant to the Auger analysis

(b) Can you show, in energy bins, overlays of as-thrown and accepted Xmax distribu-
tions for proton and iron Monte Carlo, with full detector response and triggering
simulations, with and without the fiducial volume cuts? Also their ratios (i.e. the
acceptance)?

generated values for Xmax have been used in all three levels to focus on
acceptance effects.
(i.e. resolution and reconstruction systematic effects are not considered).
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Questions relevant to the Auger analysis

(b) Can you show, in energy bins, overlays of as-thrown and accepted Xmax distribu-
tions for proton and iron Monte Carlo, with full detector response and triggering
simulations, with and without the fiducial volume cuts? Also their ratios (i.e. the
acceptance)?
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The input Xmax distribution (shown with solid black lines) correspond to a
50/50 mix of proton and iron.
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Questions relevant to the Auger analysis
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acceptance [a.u.]
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Questions relevant to the Auger analysis

Quantifying the flatness of the acceptance after fiducial cuts
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Questions relevant to the Auger analysis

Xmax distributions with and without applying the fiducial cuts

entries
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At this energy
range the fiducial
cuts removes 75%
of the events.
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At this energy
range the fiducial
cuts removes 32%
of the events.
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Questions relevant to the Auger analysis

(d) Please show the zenith, R, and core position distributions of the hybrid events
used in the X ax analysis in the same energy bins as the X histograms. Simi-
larly for events that dont pass the fiducial cuts and the X, resolution cuts.
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the fiducial cuts pass the fiducial cuts
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Questions relevant to the Auger analysis

(d) Please show the zenith, R, and core position distributions of the hybrid events
used in the X ax analysis in the same energy bins as the X histograms. Simi-
larly for events that dont pass the fiducial cuts and the Xy« resolution cuts.
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Questions relevant to the Auger analysis

(e) Please show data/Monte Carlo energy comparison for events used in the X, anal-

ysis. Show this for events passing all cuts, and for events passing all but the fidu-
cial volume cuts.

Quality cuts
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1.2

data/MC
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17.

Figure 6: Energy distribution of selected events (quality cuts only). MC histograms have been

o

Ig(E/eV)

normalized to the data at 106 &V,

Answer:

Quality cuts + fiducial cuts

N
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Figure 7: Energy distribution of selected events (quality and fiducial cuts). MC histograms have
been normalized to the data at 10186 &V,

The corresponding plots are shown in Figs. 6 and 7. Here we show the energy dis-
tribution of the data from [8] compared to proton and iron MC for the two event
selections. The MC events were re-weighted at generator level to match the spectral
shape of the CR flux measured by the surface detector [9] and normalized to the data
at 101866V, As expected, the spectral shape of MC does not match the data without

fiducial selection, because the acceptance depends on the composition (or, more pre-
cisely, on the distribution of shower maxima in the atmosphere). After application of

27

the fiducial field of view, the spectral shape of both, the proton and iron simulations,

agrees well with the data.



<X max> {gf'cmz)

Questions relevant to the Auger analysis

(a) Have you tried applying the “unfolding method” used by KASCADE and in the
Auger spectrum analysis to the composition analysis ? Have you compared the
advantages and disadvantages, i.e. non-robustness of the unfolding method and
reduction of data in the fiducial volume cut ?
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Answer: Yes, we have unfolded the Xy, distributions using two unfolding methods. In

this analysis the fiducial volume cuts were not applied. The biased data was unbiased us-

ing the unfolding methods and the evolution of the (X,y) and RMS(X,ay ) are equivalent

to the one obtained in the analysis using the fiducial volume cuts. Figures 21 and 22 show 73
the comparison of the unfolding analysis with the analysis based on the fiducial volume

cuts.



Are the differences in <Xmax> within systematic uncertainties?

To compare the different measurements of <Xmax>,
we will transform <Xmax> values to <InA> using:

_ (Kl ~ (X
) = e ™

A

This is model dependent 29



Are the differences in “<Xmax>" within systematic uncertainties?
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By comparing the shape of the energy spectrums, the

energy scales can be normalized.
(plot provided by the Energy Spectrum WQG)
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After normalizing the energy scales to half way between TA and Auger spectrums
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Before normalizing the energy scales
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{(InA)

{InA)

After normalizing the energy scales to half way between TA and Auger spectrums
Are the results consistent with a constant composition?
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After normalizing the energy scales to half way between TA and Auger spectrums

|
|
_ _ L W W W - -
_ 7.7 -l
© o | X ..N\\\\u\\mmlb ............. e o
Qﬂ\aﬁﬁﬂ//. | a—
- Sooestack :
o 2 o @ RN ()
™ =) RIS
5 o | SooRiasiead N
.m .w .m oy — _— \n“v.w”»”uw mumu%% q o
< T, = <z O Zem NN .
= x0o ~ X0 . . AnreA L WNNANNN
AN
© 7. N, SN .
~ ® Sresee
= LN 0
M.N M S J T S— St R — oo
s G e
¥ o N ©
W .
g v ./A....n. KLl
€35 = TS -
0 © 0 ! ; 'fl&/ A
m n o n L 3 -
N = M = ° o
SRS T N e @
o < <
-~ ~ md ~
< N O o~ o o (I
~ 9Q - o - © - O |~
o ~ g =
e [l
£ cSl &e 8 c 8
ol ®#E o o
o } . 5 = 5~ = 5 =
< X0 N N i I
_ xX0O||<€xXQ x|
<+ g ~ ot 0 o

(vup) (yur)

lg(E/eV)

Ig(E/e\



Does a shift in <Xmax> bring the results to agreement?

(After normalizing the energy scales to half way between TA and Auger spectrums)

(InA)

Xmax shifts:
Auger =
TA =-10 g/cm?;
HiRes =-17 g/cm?;
Yakutsk = -17 g/cm?;

+16 g/cmz;

Quoted syst.
uncertainties
Auger 12 g/cm?

HiRes 3.3 g/cm?

TA 12.4 g/cm?
Yakustk 20 g/cm?

4

sibyll

—a— Auger
—- HiRes
—— TA

—=— Yakutsk
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Total number of events above IgE=18

6744 Auger
2301 Yakutsk
815 HiRes

Number of Events

1000

279 TA

— HiRes
—TA
— Auger

Yakutsk

Zoomed

.......................................................................................................................................................................................................
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Table with quoted systematics

Auger HiRes TA Yakutsk
atmospheric density profile | < 6 g/cm? |negligible
X.,.x Feconstruction < 5 g/cm? | n/a
shower geometry < 6 g/cm? | n/a
multiple scattering 5 g/cm? |negligible 12.4 g/cm* |20 g/icm?
alignment ) 3g/cm® 3.3 g/cm?
MC predictions for <Xmax> n/a 0.7 g/cm?
acceptance E>10'8 ev < 4g/cm? | n/a
_ Total syst. uncertainty 12 g/cm? 3.3g/cm2 12.4 g/cm? 20 g/cm?
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Conclusions

*Are the differences due to issues in any of the analysis?

Apparently no.

e Are the differences within systematic uncertainties?

Auger and HiRes are not consistent within the quoted systematic uncertainties.

e Are the Southern and Northern sky different in terms of composition?

We need more statistics in the Northern hemisphere (about 4 times the current statistics)
to give a conclusive answer. The current statistics in the northern hemisphere do not allow
to discriminate between a constant composition or a changing composition as suggested
by Auger. More statistics is also necessary to establish whether there is a systematic
difference in the RMS(Xmax) at higher energies.

* It is interesting to point out that all three experiments (Yakutsk, HiRes and TA) are
consistent (within ~5g/cm”2). But, there is a large systematic difference in <InA>
equivalent to about 30 g/cm”2 between Auger and the other experiments.
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Back up slides
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{InA)

1 I ndf
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(InA)

Does a shift in <Xmax> and Energy bring the results to agreement? 32
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