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Perfect demonstration
of Peters cycle:

When protons accelerated
to EP .. a nucleus with Ze will be

accelerated up to
E? x=ZexXR=2ZxEP__

where magnetic rigidity
R = Pc/Ze

Bernard Peters 1961
Fit the elemental spectrum

with Gaisser’s formulation
of Peters cycle
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TALE Data Set

* Data set goes from 06/20/2014 to 03/31/2016 (22 months)
Good weather selection “clear overhead” + “no haze”

A comparison of event data rates vs. MC expectation is
used to determine periods of significant attenuation due to

haze.
e Total on-time 1080.0 hours.
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Example Fluorescence event seen by TALE FD

Five telescope (eight

with ring 1-2
mirrors) event.

Event duration ~ few

micro-seconds

Long angular extent

Likely to trigger
ground array

Threshold ~3el6 eV

azimuthal angle counier-clockwise from east (deg.)

Shower Track Timing

viewing angle {deg)

Detector Signal vs. Depth

Shower Profile
§m¢ = Signal
_E )| = Frintillation
-:E » Rayleigh Scatter
E A = Aerosol Scatier
= m Direct Cerenkow
= 7 { ﬂ { = Total Signal Fit

alant depth igiem?)

TALE avent data
Ewent Gtarting: 7: 0:0.683537T0

Energy: 0.530 EeV
Shower max size: 31.565e+08 particles

Shower max depth: 631.247 glem?®
Profile Fit yindf: 1.2395

Rp Magnitude: 5.839 km
y angle: 55.1 degrees

Shower azimuthal angle: B.2 degrees
Shower zenith angle: 48.0 degrees
Angle to Magnetic field: 80.5 degrees
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Example Cerenkov event seen by TALE FD

| Detector Signal vs. Depth |~ [showerProtie
MW Signal
' :,6140—_ T — Scintiliation

o) o

Most C'kov events ; e
§1zu_ w— Direct Cerenk {0
§
2100

are single telescope

@
S
l

Event duration

~100ns-~600ns | | iz

Short angular extent &gl S w w0

azimuthal angle counter-clockwise from east {deg.) slant depth {gicmzj

U I . k I . | Shower Track Timing | TALE event data
nlikely to trigger
£ Event Starting: 0: 0:0.139663747441801
g 450 +
surface detector S
E = Shower max size:  6.143e+06 particles
350 Shower max depth: 605.810 g/cm?
~ c Profile Fit y2/ndf:  0.7362
resno e e 300c-
= Rp Magnitude: 0.912 km
250 v angle: 106.9 degrees
2006 Shower azimuthal angle: -80.1 degrees
150 Shower zenith angle: 35.0 degrees
100F-
e R T IR I I I I
4 6 [] 10 12 14 16
viewing angle (deg)
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Number of Entries

-
Q.
S

T IIIIIII

TALE Cherenkov vs. Fluorescence

Event Distribution by Event Type

-
o
W

I IIIIII|

— Cherenkov Events

Scintillation Events

—  Mixed Events

10

T IIIIII|

—_

-
<] II[I|

16.5 17 17.5 18 18.5 19
log(E [eV])

Unexpected result: many Cherenkov events are seen
as tracks (most land ~0.5 km from FD).

Use profile constrained reconstruction.

Cherenkov light is bright =» can go lower in energy than
expected.



Number of Events
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TALE DATA

Mix PSI Data-MC

/MC Comparisons

hRPdata - hPSIdata
Entries 3023 psol KS Probablility + Entries 3023
= KS Probablility Mean 1624 C 6.858e-01 + Mean  85.53
= 6.586e-01 RMS 659 C RMS  34.83
= 200~
= s -
Mixed ol
- - -
—— C
_— 100—
i 53 Mixed :
= R R R SR C
0 2000 4000 6000 8000 10000 0||||||||||||||||||||||||||||||||111
RP [m] 0 20 40 80 100 120 160 180
Data: Inverse Angular Speed
hINVSdata
| Entries 3023
10 KS Probablility Mean 00484
C 6.5026-02 RMS 0.02231
1P
- | v | d
10
- 11 l 11 11 l 111 1 l 11 1 1 l 11 11 l 1 1 I 111 I Ll
0 0.05 0.2 025 0.3 035 04
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e NTRABIVEEDRERE 8
LR L B A L AL B R
55 [ CH1 MuonPeak ; ; .
~ | CH2 MuonPeak ------
$ 50 |-; CH1 width/peak --------
& 45 F CH2.width/peaku=++:
f=f - Rk,
S 40 = R
E H H
35 =i ;
8060
o 775 4
g 750 g
S 725 | T M et T T Ml T 2
] 1
N 700 !
2016/12/31 0
Date 6

Inside Tmp(°C)

GPS stat

GPS stat

Current(A)

width/peak Pedestal Stdev

LV1 Rate

ILI7MAZJADHERD -0
I\ TIRTE2EN/LEHLNTINS

41



5

GPSHEE#MMNTLTE 7
(GPS7UTFTDRE?) =

168 TALE-SD7L1DREE.

bf "DET0226""
400 mfH1fE: g
£ w}‘z‘ III'II_}%‘-‘
TALE-FD e 13 5 =
+ TA-FD(MD) gt ) & ¢ h et T oo 0 SwesDsednm T JRNErstroRosds o 8 8 o
5 ¢ ] £
Z 3¢ ; 2 ©
[ 1 94
< Yoo F Comerr/10min 12
£ Retry/10min 10
oS ) 8 0
= 10 & g o
> 1 b 3 O]
0
15
] 11 =
i 05 B
| o
| —_
| @)
|} (=]
g
£
[
()
ke
14 F £
o 10 L) 3
wn =
S 8 % :
+— I
@ 6 o 2
2 4r 0] 3
308 <
©
[
60— e
C = k=]
w0~ /7.4 |1]E‘ =
- /G TH H 02
C b = 45
20— : : T gg o
C 43 @
C . - 25
o UL 1% &
1 -
C . . \<‘ e e e et et e e e et e ‘>\ R 1 : ; B }’0
2013/07/02 2013/12/31 2014/07/02 2015/01/01 2015/07/02 2016/01/01 2016/07/01 2016/12/31 P N M BRI R R 0
Date 09/01 09/01 09/02 09/02 09/03 09/03 09/04 09/04 09/05 09/05 09/06
00 12 00 12 00 12 00 12 00 12 00

42



5

168 TALE-SD7L1DREE.

BERLANBENTRE

(BETTTDRE?)

400 mfElfE:
L

bf "DET0226™"

0 18 1
TALE-FD & 15 16
+ TA-FD(MD) O 8 8
5 6 g
2 i 1
< ?8% :' Comerr/10min ——— - ?3
g Retry/1y0m|n ffffff 6130
= 10 [pduy- oy J‘M:‘“ “ By et iy e ‘.\ vu»,w\‘*"' 6
5 bt L 4
1 + 0
135 - 1.5
% 13 11
S 125 f 0.5
S 12
11.5
S W
‘g’. 30
;3
(o]
2 0
3 .
/ 225
75
- R . N R T R E R R 1 2 3
L1 1 L1 ——+ L1 L1 P | 1 1.25
308 T T T T T T T T I T T T I \F T ,'{_] I T T T I T T Q 0 75
= ~rArmAare/d AmAdw L L T R e 1 e .
£ 00 [, Comerrtomin, . BN A A - 1 08’
€ by Rgtry/]Ommu ﬂﬁﬂ ‘ L | | 213 :
(@) LA Tl My g »L‘w TR T Wi ; =
W e ] i rrH ® bt g L Sqlas, B
= 10 |0y 'f'm?,W***F”}”W'r"}‘* """"""" ﬁ eallphvs i - - Ty ‘u ,ﬁm*f-trﬁff.lf“pw mm%mw ﬁf“ﬂﬂlwffﬁ*ﬁ”ﬂ\\” e 6
e I I i : : i : ” : 4 4
o - 3| M | 3 N 3 4 92
1 ,,,;,,,I,,,],,,I,,,,I,,,;,,,|, 'I'.'” PO 1P ' | I T I P
T T T I T T T I I T I T 0
20— o 775 7 40
L & 750 e e
r 3 T 20
ol— S 725 = 179
C_. \< | \ >\ I 7 700 : B %8
2013/07/02 2013/12/31 2014/07/02 2015/01/01 2015/07/02 2016/01/01 2016/07/01 2016/12/31 N N N 1 PRI 0
Date 09/01 09/01 09/02 09/02 09/03 09/03 09/04 09/04 09/05 09/05 09/06
00 12 00 12 00 12 00 12 12

GPS stat

GPS stat

) Inside Tmp(°C)
width/peak Pedestal Stdev Current(A)

LV1 Rate

/AN
=

43



ke
16ATALE-SDZL A DREER tyme e 4

bf "DET0226™"

——A < 400m51?ﬁ: - )

| : : ‘ 14 FrrTI T T T = T 62 T T 1421 =
- | | ‘ ‘ ‘ ‘ | | 15 &
880 ——————————— ' i R
775 | LV-0 Rate — 1 Do 1 Doy ‘ 28 %*ﬂz %4 ]
2 lMte ‘ s s s | | 435 2 % s
g s T T THE R el ]
o | bl YL W B A SUrte L T Ao s i o N B e i A 50 — e et
> 7 | 1 1 ; 1 1 1 3 D 1 s
) f—t—t ookt i e §
L L L | L L L | L L L | L L L | L L L | L L L | L L L | L L L | L L L | L L L 0 0 §
09/01 09/01 09/02 09/02 09/03 09/03 09/04 09/04 09/05 09/05 09/06 :?'5
00 12 00 12 00 12 00 12 00 12 00 15
£
T = [ e ] . ﬁ
g z
_ FI g
T—3BIEE ¥ ;o :
100j -‘ V(—TP I T Y | g 25 = -:z_
- l 60
80— 55 [
- § sof, 3
60— T 4L =
40 — 35 b
- 800 [—++——
20— o 775 . A : : : : 1 : : °
= & 750 i ‘ >0.3 ) % L 5
of— UL S 725 | s et nd =
- 2‘013/‘07</O‘2 2‘013/‘1 2/3‘1 Zb1 4)07/0é 2‘015/‘01/0‘1 2b15/LJ7/Oé éO1 6/‘01/0‘1 2‘01>6/‘07/0‘1 2‘016/‘1 2/31 5 700 i I T 3
Date 09/0; . (;9/01 (;9/0.2 . (;9/0.2 . (.)9/0\'.3 . (;9/01.5 . (;9/0‘.1- . (;9/0‘.1- . (.)9/0.5 09/0.5 . 09/06
00 12 00 12 00 12 00 12 00 12 00

44



&

TALE/TAx4FEITL/O=HX

FROMO.1
2MB(16bit)

PMT

FPGA CONT
XC381000
-4FG456]

LED
PPG

ADLINK540F

TABEO@EEA RS-232C «—f CFLD

~7TQ1441

MONI
IrDA

|
GPS
M2

e

Redpine Signals :RS9110-N-11-22 EERN-IRINGCENHOES )} -~
TCP/IP:&1E « TA-SDILFDORNEHLANET LEFTEEREL.,
IJ7— L7 =&E{L

new

45



&

TAETALE/TAX4DSD7Z L ADAQY AT L0 LE B

Existing System

Developing System

Wy (TALE TAx4)
BIEEAK TARE O ZTOka)L TCP/IPZFERIIL
SD [BRXW-LANED 12— )L&EH HIEW-LANED 12— )LZE FH
DAQRAF | RARILF RRARPC(T AR —/S12FTILB)
T Dith TORARA U MNAP) DL E
BEEE

LAN

TRARPC
4 =L

— |

T ARAMAP)

I3 K3 N

AP&ESDEDEFREIEIE

#918KmMETTANEH 70




OCUTMDTE

7_
Ny
A
\J,
N
O
\d
¢
A
>

err/10min  Nsat GPS

Voltage(V)

@ 450
&
300 7
I3 [ A, i 4 1 40
s i iy i
2 150 " 30

0 10
0916  09/16 0917 0947 0918 098 09/19 0919  09/20
00 12 00 12 00 12 00 12 00

8
5
E
~ e
g
3
3
S
DET1701 3
14 T 2
o 12 3
g 10 >
FE PN | i
2 3 P I o AR N ot B T
24 T b M i
S i
£ 40 Comerr/10min
E 30 e
T 2
5 1oy
4
_ 135 415
z q1 <
g z
g 105 ¢
K ]1° 3
05
B &
o Batt Temp(°C) ~
< ﬂg CC Temp(°C) - gg S
g 3 SD Temp(°C) | a
5 Sg - BD Temp(°C). E gg £
8 B "
) (S i
° i i 1
5 | } 5
= CH1 Pedestal ]32
FR CH2 Pedestal -~ 7 2_|
S s CH2 Pedstdev ] Eg
g 3
g 14
] 02
200 } 200
CH1 MuonPeak ——
£ 100 CH2 MuonPeak - |
8
&
B 0 0
= 00

LV1 Rate

DET1702

Nsat GPS ——

i
!
¥

Ll

ooy Pl

3
PSR
LIS e

Fot I
LYeLI YT L IR

iy et Iy

Comerr/10min’ ——

Retry/10min

H4 15
41 Z
125 q0° ¢
10§
--05
1.5 -1
Bat Temp(°C) | 5
35 CC Temp(°C) §§ L
3 SD Temp(°C) - 3
gg -BD.Temp(°C)-- gg E
2 2 = )
i 4%
g ‘ 1% -
5 | 5
GH1 Peddstal 325 o
75 CH2 Ped )
CH1 Pedst g
5E S e 15 2
Jors §
25 405 &
: 4025
200 | 200
CH1 MuonPeak ——
100 CH2 MuonPeak - 4 100
0
-100
-800
450 2
&
300
S <
150 =
0 10
09116 0916 09117 0917 0918 0918 09119 09119 08/20
00 12 00 12 00 12 00 12 00
DET1703
@» Nsat GPS ——
4
s ;
= PN T " i I TR
g g i WAy sttt g R
E Vi L 4 L s R A L
< Comerr/10min ——
E a2 Retry/10min -
T 20
s 10
o t
Bat Vol(V) —— |
~ 135 SalV Val(V) 5
z Batt Cur(A) 11 £
g H05 §
£ 125 H
s 1° 3
= -0.5
1158 0
8 i
3 i g
A 2% g s
g e 3
C y 2
-5
25
75 5 2
]
5 25 B
3 8
25 305 %
1025 &
200 } 100
GH1 MuonPeak ——
100 CHz MuonPeak -~ { 100
o o
-100 -100
€00
g 450 e
g g
< 300 <
s |- s
= 150 =

0 10
09/16  09/16 0917 09/17 0918 0918 0919 0919  09/20
00 12 00 12 00 12 00 12 00




=Rt GRARPCT1EHT=Y D HIEISDE EIE M)

o DAQFF. RRFPCIZ1IE DSDETOMsIEE CTEIEAHE,

o RARPCIZSDMSR)H—T—TIILEZ{ETHDI(Z0.8sF AT HE,
=>18NDHRAFPCTDAQK. 808 [FENDSDEEETE S,

e TALE-SDIZ103BEHRET S
v IRARPCE2E(ZLTSDES28 T OBEET S
v SDOVSDL AR ADERIE:
=>SDIL X DW-LANEY 21— )LEFPGARI DA 2A—D T —RAZFUARTH HSPIIS
ZEIT (158 DHAFPCTDAQEF106E [(FEDSDEFEETES, (REMYEEA )

SDIL* DAQO 1444 L
WLAN
(REDPINE) @ FPGA
REDPINE-FPGARI DA 3—T1—R% 0.06 0.86

UARTMSSPIZEH




Fr—>
avkO0—5—
(KEEEt-&
BHOK-F
B )

|ARLAN
: Ul - Ol T T

#h

GPSEH
| (CCTIEARIERD)

WEFTIABERBRIOCIE — BEHBERESR
S S EH(Z10048 B4E (TAAS . TALEASEHT) — AXERTORRE,. 14~

49



MEILINA=IZORE

E % EfR

5 =
~ 3 = 3
Mhod | - . MNod 7 -
N B B B S - \ X
-1 h 05 1 5 2 25 —1 1 05 1 15 2.5
ER (IS ‘i’h a '
-5 [/0] 5 -

4081 CH1 R aob{ o CH2

Q Qo 1 1 1 1 1 O = 1 1 1 1 1
0 05 1 -15 2 25 0 05 1 -15 2 25
AADCERE [V] AADCERE [V]

PC (display the FADC value)

BIEIEERFIZALGS
h-BEEIERTF

digital multimeter,

(measure the input voltage
from pulse generator)

W e = - T

DMMZERY 11+, TL
FARIKDDACE A
L. BB

board

pulse éenerator

(adjust the input voltage)



