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Diversification of deep underground labs

The deep labs of the world were originally set up in underground sites such as mines or
road tunnels to do rare-event astroparticle-physics research. Recently however, writes
Louise Mayor, many labs have diversified into new areas. Shown here are 10 major
underground labs — five sited below mountains and five down mine shafts — and the
types of research currently underway in them. Projects planned for the future are
not included. The reason for locating labs in such places is that the rock above
stops most of the cosmic-ray-muon flux present on the Earth’s surface from
Canfranc Underground Obsew atory, Spain \."-dp- e reaching them. The rock’s effectiveness is measured in “metres of water
equivalent” (m.w.e.), where 1 m.w.e. corresponds to an amount of rock with
\’ W @ ® *‘ the same cosmic-ray-muon stopping power as one metre of water.
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Physios Werld May 2015
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In early 1998, there are three observed hints of neutrino
oscillation, and thus of neutrino mass. These hints are the be-
havior of solar neutrinos, the behavior of atmospheric neutrinos,
and the results of the LSND experiment. PDG1998
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v,+d—=p+p+e

hmli

* Measure the energy spectrum

of v,
» Direction of e- not strongly
correlated with that of v,

vi,+d—=p+n+v,

+ Measure the total flux of v
from B

*o(Ve) = o(v,) = o(V,)

v, e — v +e

* Measure the total flux of 8B v:
® = d(v,)+0.16@(v,)+0.16D(V,)

» Strongly directional, € tends
to follow v
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Neutrino mixing at the 3-neutrino framework

‘(v ) ( A\YATR
Ve el “e2 ~e3 Vy
V,u — | U ul . ~ 43 V2
\Y:/) \Ma VYo Y J\Vsy
Pontecorvo-Maki-Nakagawa-Sakata matrix
cosd, sin@, 0) cosf, O e”)1 0 0 (& 0)
—smn6, cos6, 0 0 1 0 0 cos@, sm@, | 0 0
0 0 1) ¢® 0 cosg, )0 —sing, cos6y;)( 0 1

2026/7/24



CKM Vs. PMNS

(

Quarks

VS.

Leptons

(am)

v Elements well known v~ Elements known
v" Diagonal

v CP phase known

222222222

v Non-Diagonal, why
v CP phase unknown



2

| NE]

SR SR

£t=0, FRTHRESKE (KRE) A

£E

(AT X, FRTHRESKE (HEKEE) A
V(1)) = Ce(D)lve) + C(H)lvy)

VO)) = v,

AZF BT R TFIREA

<Vlulv(1')> - C!LL(T) <VE|V('|')> = CE(T) v

3T

/

C2(1) + C2(1) = 1

Iu>

s.t. C,(0)=0, C,(0)=1




MREMRERESHAS v

[v(1)) = Ci(P)|vy) + Co(P)|vy) |
BERENE=HE vy

F%Kﬁ*ﬁﬁ@m@%
C(N=CO™  C(1)=C,(0)e™
ERHEES GRS

[v(1)) = Ci(P)lvy) + Ca(P)lvp) = Co(D)lve) + C(Dvy)
TEB
Co(t) = Ci(F) (velvy) + Co(F) (velvp)
Cu(1) = G(F) (v lvp + Co(F) (vylv)

2026/7/24



FIEMIEFELR, FFsINFRFREHEME, W 1y
[ .=|cost sin 6 ("e>]=(‘303‘9 Sin9](|’*’1>) 9
o —sinf cosf “vp> —sinf cosO\|v,) > |v,)
/)
C. (1) <v£,‘v1> (v, [v,))(C,(1) cos sinB\(C (1)
C#(‘I')) =[<v# v1> <1{H 1@>](C,(‘I’)) =(— sin@ cos E))[CG(T)]

=003 Z|

|v(0)> - |’VH> - CI(O) =

7E EL AR 2

-sin6 62(0) = cosh

C.(t)=sinfcosf(e ™™ — ™)
CP(T) = Sinzﬁe'iEl" + COSEBE-iEzf

2026/7/24 )



P(V::-t —v,)=C.(+)C (1) =sin’ Eﬂsinz{(EE — Ei)q

P(v, =v,)=C,(t)C,(t) =1-sin*26sin’

2
Eraw

2

mRmy, mATENFP, T ROLE AT

ct=L, E;=p+m?/2p,
H MR

2 a2 L El_,

P(v, = v )=sin*20sin’ ( T ) x
| 4E L
FIAHER | :
)]

P(v, = v,)=1-sin*20sin’

2026/7/24

E,=p+m,°/2p, E;=E,=p=E

Vé "r:?
y ] ]
v, v, v, vy vy v,
=2 1
v_v_v_ sin228
L (|
I 1

i

. Probability that \-'u has become Ve

Distance, x = ct

Probability that Yu is still Vi

41



PR :

BT RT R
¥, FrIA &g i ¥
FEYRTPEE
SREMIFRNIR o epn e pn
ETHRRREARESHELARE E, = p+m2/2p
d v 1 om0 V| G MAMA T TIHE,
"a’f(uﬂ “2plo0 w2 ) P34 Y, Y B 3L XE 4 X Hik
ﬁdﬁﬁﬁﬁﬁﬂlﬂ?ﬁ?é’ﬂ%?ﬁ%ﬁﬁﬁ,  _[cos6 <ing
0 2 :
RRAEATEAA 2 A —sing - cosd

EIISER EL =504



5 THRKREARIESHERL T TE
'j (” L o]V
I 7213' Yy UM T = Am .COSZQ sin 20
_ My, 2 sin20  cos20
2p .V,H

X$ 8 F AT SIABIMO RS
V E,:G F\-’Q N ] N, = electron density

\i

BB EM?E T HNTK
Am’ [—cos20 sin20
2 sin 26 cos 26

~

Am~

M 0
2

M*— M3,= o
M

2026/7/24 43




BANLINEFHIEMS L, T EfbRIZin 7124

|n1|

Vv T
lm | — (]9
V2111 " V.\'
1, —A 0
U, M>U, ==(mj+mj)| "
m m 2 | 0 Am

A = Am*\(a—cos 26 )>+sin’20
=2\2 EG.N,| Am’

X NEH RPN FNRERLES Vi, Vo

mEXABFRNRERNMESHNASSYRPTNETHEE
UEES

2026/7/24 44



B, YR T E KR

WERAEA0,8

. £ |
[ cos¢,  sméb,, with £ — sin’20=4-10
% | —sin®  cos - sin’20=110"
. n n e sin?20=4-10"
in”20
. 2 S|
s;m~20, =

(cos 20—a )*+sin”20

0, 1K B H R K

cos20—a=0 i.e. N_,=Am

»C0s 20 a=2\2EG.N | Am"
2N2EG,

/\%% REERBA, BIAR, BMERHMTERES
HES, BEHETYRNNSERHRER £ &R
HIABEP R 0%E, SEFSTNETRGAME

)

2026/7/24

45



R RNEE T RTINS g AmEEES

. . NEESEREE
VPH 3 £ (B 2 3 B T 2  J13 o/om?
ft *
EMRPHREAESNE ) -
Biﬁ%ﬁ\—L%Ex la—kﬁ?g{'t 0 0.02 0.04 006 0.08 0.1 0.12

SINgEHRIEIL BELTHEBEER UETBEENNZE
AEUSEREAMSHNEZTN (BENFHS)

NE [Ny

_ Brwesrro v RIS~ aa
N% 12 - (b) . , N
Lo FREARIESHAED
L : FRNMNSEED

T . T
£ ; “ it B A 2R
NEE 2 :— 121 Ve

0 PO [N S (S P B P (NN N R (N (S N
0 20 40 60 80 100
N./Np [em™3

2026/7/24 46



. ARBA

eh



e - PMTREE, (B
e ST

" KPRREL,

E

o
v ' 'f": Vi) TP b e
| ') f ' ' ! ' ! " ’

. AR LR

P » EM T
KEPHFRERERBZE

2026/7/24 48



:T+\

/

RZ97E1850, E¥FKME
Darwin{i It #i Bk HF B 312
Kelvin, JEMAXBHAYS] 13
FHFD

2’31890 I ES ™M ( Becquerel, Curie, Laborde
=y

1905, JREEFT#E, Einstein

1920, 4M, <M., Aston

291930, A HEFEIENNY, Gamow, Tellerss
291940, ppEEZ, CNOTEIR, 4H>He+2e+2v,,
Bethe, von WeizsackerZs

241960, IRIWFIRMAPEAF T, Bahcall, Davis
291990, KRB ERE, RILPWFIRE, Fig
RKER LI

23, flaiCharles
E . MYEE3R,
eyEHFERBEEXPHE0.312

ZIJJI> A




1.

NP IERRE

J(18

ERWERE)HIT

RT-RFE

ABHERE AT
L 4E pp

WA PEIR CNO

. KEHA REE R Z R H -
, T RS IERE

e (RER)
X_.I-IJIL (gl\%lg)

5| 1 SRS

W)

D5

. KEELEAET—1RESREEERES:

FHENS. K. EBE3E,

BRI KBE¥Z, RE, RENR. FR.

TEER:

John Bahcall

Assume: Initial metal fraction = surface fraction = core fraction

2026/7/24

50



Fr=4-1: R+

2 :
ptp —» *H+e +y,

99.76% |

§ 024%

H+p —> He+y

83.30% |||

§ 1670%

*He + *He —> *He + 2p

‘He +4He —>» "Be +y

ppl 99.88%, u 'U 0.12%

‘Bet+e —» Li+y, "Be+p —» "B+y

U U

Li+p —> 2%He ;B—> 2%He+e +,

ppll

2026/7/24

pplll



2026/7/24

Nup—7 = -
e e

-2

xR EEs CNO

8 CN cycle

pp-chain

1 2 i 4 ] f 7 b G
T (10" K)

RF-BRFELTH
(X BH: FTME%H@)

A TEIA:
FFRENFEELR)

52

.A—\E

=] /m




AP RF

2026/7/24

Qi

Bele
10’
e -pp -pep
hep -= Be7_384

10E= Be7_862 -- B8

11 : N13 015
‘lﬂz : —F17
10 :
10° & .
0% _  — 7 | - .
10° e ,
10-5 r_._.__“ ." I 1||
107 |
10* - |
_1{]-'9 1 I 1 la et | I ] | I Lol

10 1 10

Neutrino Energy [MeV]




AP ST/

KEHL-5
mE BT i
0 E A PR i
FREERNTAY e

SH A M
/Et O %912

PATANMRAI A P s by
\ ' | IR PR LEATE I I !

1 1 |
PY = cos* 913(5 + 5 cos 2017 cos 26,5
INRPHF LIk, HBE
KRz 2 A, REE{L~3%

2026/7/24

54



A S FRIBEHRN AR
tFarEs @-@ 2 :

14><1U_45
- — TMeVv, - 2 MeV v,
- — 1MeVV., e 2 MeV v,
120 — 1MeVyv,, - 2 MeV v, .
- — 1MeVyV,, - 2MeVvV, .

-
o

L T
iiiii
__________
-------
-----
- .

Cross Section [szf" MeV]

L]
HN“
nnnnn
B

------‘--*---------=-“1 ---------

ol oo b b e b 1 by | .‘-:-T-T‘T'T‘T{I L1
0O 02 04 06 08 1 12 14 16 18 2
Kinetic Energy of Electron [MeV]

2026/7/24 55



SER]

2026/7/24

2 FSKBEAEEE
JEan '?‘Aﬂ:ﬁ 18]

|"I'

-]
IS
[

H

i)

-

REX

FREE#HNHRMFAIL

2.2

1.8
1.6
1.4
1.2

Cross section [cm?/0.01]

0.8
0.6
04
0.2

III|III|III|III|III|III|III|III|III|III|III|I><
—

e e L L
01 02 03 04 05 06 07 08 09 1

cosH

56



Al RN RBE AR BELS

107 —F17 015
107 N13  -- B8
1075 Be7 862 -- Be7 384
10 hep e DEP

= pp — Total

=
@
IIIHW [ Hlmq IIHHW IIIHW |||mq Ial”m |||mq I;IHW |||mq

Electron Spectrum [/(MeV s electron)]

1{]-43 Lo |||||||§l| ' T B I'.

[ i Electron Kinetic Eniergr;]}:}"l [MeV]}

2026/7/24



KPR RFRIAAILIA
|G 551. CNO. hep~

TR IE]

pep R FIEE =

> = |
= - SAY . =
S 0.9 IEHip TJﬁ:/HH - W
© — NNIE=E
2 08 - EHRMNSN=
el E Jr=E= N —
Q07 *ﬁ }g/;%/:E
.g ﬂ.sf_ N - Uptu rn
5 osf = v
N D.5:—
:a-m 0.4 f— Current status
:E — == pp - All, excluding BX
s ﬂ.3:— pp - BX
) — —@— Be7-BX
0.2 ~ —m— pep - BX
0.4 —®— B8-SNO LETA + BX
" FE == B8-SNO + SK
ﬂ_ I 1 1 1 L Lo |

—

o
=Y

—

2026/7/24

10
Neutrino Energy [MeV]

58



Counts / (10 keV x day x 100 tons)
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Fit: ¥°/NDF = 99/95

~———— 'Be: 47.0 = 1.9 cpd/100 tons
**Kr: 24.6 = 3.2 cpd/100 tons
- **°gi: 40.6 = 2.6 cpd/100 tons
"c: 28.0 = 0.4 cpd/100 tons
PP, pep, CNO (Fixed)
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3. NS EEEETE, FINFRTF
BEH, SHEFITEARSF

0.0105— ;Gé%%ggph : ﬁ)ﬁ/l:\rm ?’Grl\ﬁ‘glﬁy j‘J Tﬁgﬁ%ﬂﬁﬁ E = H

: | “'ﬂ] EREINRNABEE,
L BEREAMRE0

- | oot SBERE30N, AKX

R 2 T rzhan N g kﬁﬁh/ﬁ#ﬁi

E,Jj:ﬁ-\lﬁ%u BB

0.005

0005 L
0.0 0.2 0.4 0.6 0.8 1.0

AGS09 and Helioseismology Metal element concentration off by 30%
»AGS09, 3D calculation, new surface abundance, etc.

»Different with helioseismology prediction in sound speed
Something Is wrong or unaccounted:

»Solar matter opacity

»Solar abundances

»Chemical evolution
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ratAIECNOF

M EEREE

Primordial heavy
elements:
C, N,
O, Ne, Mg, Si, S,
Ar, Fe

CNO neutrinos

Pressure,
density

CNO neutrinos:

 besides testing CNO cycle

« provide clues for the solution of the
metallicity puzzle.
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RETIER S EIEIC R B

Continental Crust
K/U = 13,000 + 3000 (20)

K= 17,000 pg/g, U = 1300 ng/g dT _ hm(t) ‘|‘ Qc(t) _I_ Qs(t)

Radiogenic Heat= 7.3 TW

<0.6 wt% of

e sili.cate Earth dt

(MORB Source)
K/U = 19,000 £ 2600 (20)
K =100 pg/g, U =5.4 ng/g
Radiogenic Heat = 4.2 TW

b iR AR AL R

HOER B R BE AR 4E FF HUER BRI I B2 O R 3R
REEHERE, ERRUHERRE

, R
HE
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T4

68



RETIER S EIEIC R B

e, HIFRIATA6 = 3 TW

80
70
60
50

Mantle cooling

40
30
20
10

SEITERAR* 20 =4 TW ?

wmpAt) IR EAE, Mk BEREARS

R TR R, LA B
- BV T SR — MR AT HE R R

2026/7/24 69



WEKH T ESITRD

° f@}% H Blﬁ.%ﬁ}

X B |

L.

DM

ang et al (2013) G-cubed

EM

EM

CMB

BFURZS T IAM

o

s TRITER, alMITEREETHD

s E(ETTENELE

2026/7/24

%ﬂj%, '@%BLZ%J%
o ZBEHNEFVIRESANE, FlanREE

S S S

G0, &AM, YRS s

76X ZLF% 4z jj /ﬁi V2R

'E

Z1)

+

70



MIKPUTTERSE

[Th/U = 3.9, K//U = 1.3 x 10%]

Continental crust (>50%)

Proposed
geoneutrino G | Mantle (<50%)

detectors

* Hanohano

2026/7/24

321513 ng/g U in the Earth

Metallic sphere (core)
<<<1ng/g U

Silicate sphere

20+ ng/g U
*O'Nelll & Palme (2008) 10 ng/g
*[urcotte & Schubert (2002) 31 ng/g

Continental Crust
1300 ng/g U (-7 Tw)

Mantle
~13* ng/g U (-13 Tw)

*Mantle could have as little
1-3 TW or as much as 28 TW
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HWERFREU, ThhHFBETHE

Huang et al (2013) G-cubed, 14:6,
doi:10.1002/gg9ge.20129

222222222


file://localhost/doi/10.1002:ggge.20129

kU, ThAh#FRIZEN
V.+p" —nte”

Threshold
MeV limit

\

DETECTION RATE dN/dE
(kiloton yr keV)!

W

238U
Ideal spectrum, assuming Th/U =4
and closest reactor ~1000 km
/\=2h

g

rd
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2

Commercial
\ reactor
| 1

-4 6 8

NEUTRINO ENERGY (MeV)
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Bk P15 = R ER

Geoneutrinos

et ol =
W B & W@

-
n

Reactor Background
with oscillation

=
o

%]
= IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

=

Energy [MeV]

* KamLAND was designed to measure reactor
antineutrinos.

* Reactor antineutrinos are the most significant
contributor to the total signal.
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KamLAND Borexino
2005 2011 2013 2010 2013
1 ’ Silicate Earth [
| Models =
30TW 1l o
(7] 20TW
100TW B
- Crust - far field Sitat- factiod |

SILICATE EARTH MODELS

Cosmochemical: uses meteorites — 10 TW
Geochemical: uses terrestrial rocks —20 TW
Geodynamical: parameterized convection —30 TW

100
90
80
70
60
50

TNU

- 40

30
20
10

0
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Bulk Silicate Earth

10,1800 1400 1000 800 600 K
2 | Refractory Volatility trend |
L -
3 S Eu at 1 AU from Sun
g 1 E 20 1T Th REE'I'. / E
ﬂ b " ' ' ' 1 -
g | v C’ Mn =] I_/
ﬁ i . . ® bF.
s 04} Lithophile .zn“""a“'e
s [ Elements cs® sp
P I (elements not in the core)

‘Gf mﬂndn[e and Mg nﬂrmaﬂzed
0.01 320 310 3.00 290 280 270

50% Condensation Log T (K) at 10° MPa
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ATMOSPHERE
M 4%Ar = 66x10'8gr

4 +

F40Ar=5x107-0.6x10"mol/y F40Ar=4x10°mol/y

O Contlnental crust
TN e TTTITTTTT
" MAOAr = 4- 6°x1 0‘89
\l AN \LIIIIIK'1 AT

Upper
M40Ar = 2.8+3.5x10"8g mggﬂe ore
K=40ppm \\_,\/\_,

M4°Ar 60 8010139r
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N >> 1 : Burst N ~1: Mini-Burst N << 1:DSNB

Rate ~0.01/yr Rate ~1/yr Rate ~ 10%/yr

high statistics, object identity, cosmic rate,
all flavors burst variety average emission
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AFHMKHA:

14.5m (L)*12.9 m (W)*13.2 m (H)

PMT RS54SR

12.16 m (diameter)

W e, ST ER5E:
9.96 m (diameter), 0.05 m (thickness)

500 cubic meters
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LiCl7K & iR S A BRI F Rl

1. COSRR, v, MEFHTHEE £
Ve + "Li— "Be +e ~(+7) E 107
2. BE: g0
v.-Li7: 60 times of v, -e elastic Ew-‘“’*
for solar B8 neutrinos 104
3 Li7RAERE: 92% wosslis]
m7k7§f$ 30 9 L|C| in 100 9 'r B S S TR T R VR TR TR

Neutrino Energy [MeV]
water B8 Event rate/100 ton-year solution

i 3Cl AIlCC e

Molarity (mol/L) 11 2.9 NA 610
Event rate (No Osci) 305 22.7 328 271
Event rate (Osci) 101 7.28 108 124

Event rate (Osc1 & >4 MeV) 94.5 7.24 102 48.0
Event rate (Osci & >5MeV) 873  7.17 [ 94.4 34.5 ]

I
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Solar neutrino survival Upturn discovery sensitivity

probability-average vs VEersus exposure

— 0.
> ¢
= 0.15

4.0 N R
B -+ 4 MeV cut : : : : e

Nergy

A\ e Detector sk | A N s S

=
|
A
- 77 sNo = - |8 5MeV cut
;\b B30 o o A o = atti N e _.:
2 = - : : : ; : 4
LA o : H T i 4
/ FJJ L H - A : : : E

N
\\\\\:)Q

6400 ton-

L5f -- 5- 10 years for35|g ma
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year, 4 MeV

YO 'é — éIUt 0 '1'2' 14 0 1000 2000 3000 4000 5000 6000 7000

Neutrino Energy [MeV] ton-year

Li7_E v COE AR IR ch i T i B B A ER L 72
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BEWN (BESnFEXRIME, 1600D)

KevlariFiEE 52 E. 5582, WER. MERM, EmtHRE, FxEE4. B
AKENABTE Kevlaréﬁ’&%ﬁtﬂil_ HEBHNMHEE T Technorafd i, EF L FHME
. TR S AT M

Vectranf:FfET 125:75 SKevlarF4H S M 1ZF e, TEERS M. ME 0
EAME, THITETHENTEHM=FhT%, BF4AEENA 5 BRI
HMPEWE%ETZT“ BRPE . M. R, A RS O T B P B, (Hi
%@iﬁ% 51&% ﬂﬂﬁhﬂﬁm/ﬂnr@%

Kevlarﬂ‘-iﬁ TechnoraZFik Vectranf:FfE HMPEZF4:

PHEEGPa | HfEEGPa | WEMHKES

Technora%F4 1.39 3.4 72 4.6

HMPEZF 4 0.97 3.0 95 3-45
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faE izt

FEBHPGe(RAENE

CaREE R AR

2023
2023

2023
2024

.6.8 Vectran (Ff4ZR)

.6.16  Technora (FE4RZR)
2023.
2023.
2023.
2023.
2023.

10.17 Vectran ([Afa%4ER)
10.22 Technora (E{f4RZ)
10.27 SR I

11.05 Wwahy

12.10  JX994F 4

J12.10  TM324F4k
.5.30  C90E I

210Pb (238U) 226Ra (238U) 214Pb (2380)

18. 47 ppb
46. 19 ppb
13. 03 ppb
37.82 ppb
90. 23 ppb
7.28 ppb
15.57 ppb
39. 84 ppb
14. 19 ppb

3. 17 ppb
55. 55 ppb
7.12 ppb
46. 43 ppb
77.34 ppb
4. 88 ppb
11. 34 ppb
19. 67 ppb
23.71 ppb

4.41 ppb
35. 06 ppb
3.78 ppb
11.70 ppb
28. 26 ppb
1. 35 ppb
/
/
/

214Bi (238U

)

2.87 ppb
28. 31 ppb
4. 85 ppb
8.19 ppb
21.88 ppb
1.51 ppb

/
/

228Ac-911keV (232Th) 228Ac-969keV (232Th) ?08TI(232Th
7.82 ppb 19. 66 ppb 4.3 ppb

71. 34 ppb 66. 65 ppb 20. 05 ppb
12. 72 ppb 17. 14 ppb 3.41 ppb
48. 82 ppb 37.19 ppb 24.56 ppb
75.66 ppb 52.27 ppb 74.70 ppb
5.2 ppb 6.94 ppb 2.03 ppb
9.1 ppb 7.75 ppb 3. 78 ppb
11.1 ppb 8.89 ppb 3.18 ppb

4. 63 ppb / 3. 66 ppb

Pl

|

Technora
- = &7

2026/7/24

JX99 |

| (HDPE) |

M

40K (nat K) 137Cs 60Co
154. 81 ppm 7. 27 mBg/kg 11.10 mBq/kg

17. 83 ppm
44. 84 ppm
10. 78 ppm
32. 62 ppm
1. 08 ppm
8. 08 ppm
14. 80 ppm
7.64 ppm

8.61 mBq/kg 14.24 mBq/kg
6.47 mBq/kg 8.74 mBq/kg
16. 42 mBq/kg15. 68 mBq/kg
8.02 mBq/kg 10.95 mBq/kg
3.32 mBq/kg 2.66 mBq/kg
5.04 mBg/kg 9.60 mBq/kg
6.97 mBq/kg 9.48 mBq/kg
4.51 mBq/kg 7.99 mBq/kg
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Bio I ENELPMT

HAIS~MCP PMTs

1. {RAJE U. Th: <1 Bg/kg
K-40: <2.4 Bg/kg

2. BETRER: 30%

3. REEBTE)IEMAZ: TTS<1.8 ns

3k Jh YRS R 2 ST (810 9% M IRT T L.
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PMT4EEN (G EHE)

Parameters Value Criteria  Notes

0/0, 1.8 £ 0.1 Entire-sample to main-
peak gain ratio

Vo =0g,/0 0.25 + 0.02 Peak resolution

V= \/% / 0 0.69 + 0.03 Sample resolution

Nle/ Nhit 0.59 + 0.02 Main-peak fraction

P/V 59 + 1.4 >5 Peak-to-valley ratio

t./ns 3.71 £ 0.15 <4 Rise time

t;/ns 15.6 + 1.8 <20 Fall time

Gspr/NS 1.63 + 0.06 Shape parameters of

Topp /NS 7.2 + 1.1 SER

TTS/ns 1.73 = 0.08 <1.8 Transit time spread

DCR/kHz 58 + 1.6 ~5 Dark count rate

Py 1E-6 + 6E-6 <0.001 Pre-pulse probability

Py 0.009 + 0.005  <0.048 After-pulse probability

€’ 1.71 + 0.06 >1.6 Relative PDE

2026/7/24
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400 —
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-==0.25Q¢
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tHREUFRTE: e hH EfF
ﬁ%ﬁ A ? Fﬁ %%ﬂh’“%}ﬂﬁ 1P\g

mJ\_PMT/BZﬁ/b&LJTS 350 mW, 12 bit, 1 GSps
R, S = . ‘m“’ﬁ%)

12bit 12bit
REE 1Gsps 1Gsps
350mW/ch <300mW/ch
 ENOB 10bit
T ZBaN7STe H 71dBc
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HiERE
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