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Fluorescence Detector: Longitudinal Shower Profiles

Detection of fluorescence light as a function of slant depth
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Fluorescence Detector: Longitudinal Shower Profiles
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Fluorescence Detector: Longitudinal Shower Profiles
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Fluorescence Detector: Longitudinal Shower Profiles
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Average Shower Maximum, (Xmax)

primary protons:

(Xmax) = D10 19(E) + const

superposition model:

(Xmax) = D10 Ig(E /A)+const

elongation rate theorem:

Dio < Xp In(lO)

<Xmax> [g/cm 2]
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Shower-to-Shower Fluctuations, RMS(Xmax)

primary protons
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superposition model...

RMS(Xmax) [g/
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Mixed composition

Mean 744.8
RMS 62.02

> (Xmax) o (INA)
» difference in (Xma) contributes to r
RMS 0.1
» e.g. p and Fe mixture, p-fraction f gt
<Xmax> =f <Xmax>p+(1—f) <Xmax>Fe

and

RMS? = f RMS] + (1 —f) RMSE+ ;
F(1 = F)((Xmax)p — (Xma)re)® 002
Q56580 700750506 656506550
Xmax [0/cm 2]

0.12|-

— 70% proton
— 30% iron

0.06/— ——sum
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RMS vS. Xmax, SIBYLL2.1, 1018 eV
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RMS vS. Xmax, SIBYLL2.1, 1018-10%0 eV
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Data Selection

atmosphere&calibration
» good camera calibration constants
» require measured aerosol profile
> reject 'dusty’ periods (VAOD@3 km <0.1)
» cloud fraction < 25%
fiducial volume cuts
» tank distance and zenith angle
» field of view (see next slides)
» minimum viewing angle > 20°
quality selection
» hybrid geometry reconstruction
» Xma Observed
> expected o(Xma) < 40 glcm?
> reduced x? of profile fit < 2.5
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FD Field Of View (illustration)
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limited FD field of view potentially biases measured Xmax distribution
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Field of view bias - lllustration with CONEX Simulations
dN/dcosf o cosf, Rmax=30 km

L true <Xmax>=813.6 g/cm 2 & r
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Field of view bias - lllustration with CONEX Simulations
dN/dcos @ o cos 6, Rmax=30 km, max. viewable depth>950 g/cm?

L true <Xmax>=813.6 g/cm 2 & r
F obs. <Xmax>=812.4 gicm ? = 14:
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FD Field Of View (data, 10189 — 10%1 eV)
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[
o
o
o

©
a1
o

©
o
o

(o]
[
o

800

750

700

650

600

550

TTT‘TTTT‘TTTT‘TTTT‘TTTT‘TTTT‘TTTT‘TTTT‘TTTT‘

[ETETEST T A R R

0

200 400

600 800 1000 1200 1400
field of view [g/cm 7]

13



FD Field Of View (data, 10189 — 10%1 eV)
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FD Field Of View (data, 10189 — 10%1 eV)

51000 -

<Xmax> [g/cm

t = Xlow
950} . Xup

800
750
700
650

600

550\\\\\\\\\'\'

[ETETEST T A R R

o

200 400 600 800 1000 1200 1400

field of view [g/cm 7]

13



FD Field Of View (data, 10189 — 10%1 eV)
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FD Field Of View (data, 10189 — 10%1 eV)
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Xmax Resolution

MC validation with
stereo events

data: RMS=20+1.8 glcm?
MC: RMS=19:0.1 (stat.) :f (syst.) glem 2
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Xmax Resolution
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Systematic Uncertainties
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RMS (Xmax):
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FD Results
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FD Results

> Ngy =3754 720
> (Xmax) and RMS vs E 700
» resolution correction
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FD Results

Neg =3754
(Xmax) and RMS vs E
resolution correction

linear fit
slopes D [g/cm?/decade]
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FD Results

Neg =3754
(Xmax) and RMS vs E
resolution correction

linear fit
slopes D [g/ cm?/decade]

broken line fit
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Cross Checks - Analysis of simulated data
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Cross Checks -

inclined vs. near vertical

e | =o<3s

L m | °

2 T F ©6>38

& C

c 760 |

LI " f%f Fo

Vo o740 [— %gl?
ST
720? é@

‘\g zz;: (:J]_l)[g/cmz] (-0.6:1) [glem 2] I

ks E

) 10

| SELPETEIETE

T I

E »f

x

Va0

<] .Ja .19

10 10

inclined:
vertical:

RMS [g/cm ?]

ARMS [glcm?]

80

60

50

40

30

20

”i??ﬁi

% %

H
::(I—atl)[g/cmﬁ (05£1) [glem ?] I
agosigtiels g |
MMM LI
- - Ig(E/eV)

large h(Xmax), upper FOV, small aerosol attenuation
small h(Xmax), lower FOV, larger aerosol attenuation

20



Comparison to Air Shower Simulations
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RMS vs. Xmax

RMS-RMS(Fe) [g/cm?]
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RMS vs. Xna - data shifted by syst. uncert.
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Composition with SD - a) Signal Rise Time (ty,5)

muons:
~ straight line

| ete:
|| multiple scattering
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Signal Rise Time (t;,2)

CORSIKA+GEANT4 of tank signal at 1000 m (6 = 38°)
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Signal Rise Time (t; ;)

CORSIKA+GEANT4 of tank signal at 1000 m (6 = 38°)
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Signal Rise Time (t; ;)

CORSIKA+GEANT4 of tank signal at 1000 m (6 = 38°)
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Deviation to Average Rise Time: (A)

t:iL/27<tl/2(E*7r70)>

(n) =y Bt

('benchmark’ (t1/2> at reference energy E*)

t,, [ns]

250

200

150

100

50

LML L L L L B L BB N B

Event 1057485
E=11.2 EeV, 0=47°
<A>=-1.3

o

T PRI NN SRS N SR N R
200 400 600 800 1000

| L
1200

T
1400
rim]

26



(A) Elongation Rate
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Composition with SD - b) Rise Time Asymmetry

downstream

upstream
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Composition with SD - b) Rise Time Asymmetry

815 (Dimitis), PMT 1 at 1272m

Signal [VEM peak]
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Composition with SD - b) Rise Time Asymmetry

t1 /> vs. shower plane azimuth §

asymmetry for proton—iron
(upstream: —90° < & < 90°)
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Asymmetry Elongation Rate
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'Calibration’ of SD with FD (preliminary)

measurement of correlation of (A) and XAsymMax with Xmax
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Summary of Auger Results
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» elongation rate flattens at high energy
» fluctuations decrease with energy
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Comparison of HiRes and Auger (Xmax)
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HiRes energy x0.85, no proton acceptance corr.
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Comparison of HiRes and Auger X Resolution

_ A Auger detector
...... Auger density profile
...... Auger aerosols
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Comparison of HiRes and Auger X Fluctuations
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