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Neutrinos



What is a neutrino?

ELEMENTARY
PARTICLES

II IH

lhILL Generations of Matter

O Formilab 95.759
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* No “electric” charge (electro-magnetic force)
* No “color” charge (strong force)

* They do have “flavor” charge (weak force)

* They do have some mass (gravity)

* Relic neutrinos — 100/cm3 @ 2K

* Influence nucleo-synthesis and CMB

* Required to explain SN explosions

* Neutrino astronomy is a growing field

» Matter-Antimatter asymmetry

* They are one of the fundamental particles



Definition of Flavor States
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Definition of Flavor States

By Definition:

An electron flavored
neutrino is what is
created alongside an
electron flavored
lepton

n PFe———e—-—-—-—>>>0
N

W
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Definition of Flavor States

By Definition:

An electron flavored
neutrino is what is

created alongside an Some
electron flavored “Short”

lepton .
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Definition of Flavor States

By Definition: P 5\/ n
An electron flavored

neutrino is what is w. \

created alongside an Some 7/~\>e+
electron flavored “Short” A

lepton . 4
Dlstaan' ’ By Definition:
n F—~—> P ,° An electron flavored
W-\ s * neutrino was
N Ve captured to produce
an electron flavored
o- lepton
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Relation to Mass States

Flavor and Mass states are related by a
unitary mixing matrix.

‘Va>:ZUZi‘Vi> ‘vi>:§a:Uoci‘v(x>
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Relation to Mass States

Flavor and Mass states are related by a
unitary mixing matrix.

‘va>:ZUZ¢i Vi> vi>:ZUai

V,)

For the 3 flavor case:

ve Uel UeZ UeS vl
vV, |= UM1 Uu2 UM3 vV,
vr Url UT2 Ur3 i V3 |
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PMNS Matrix ( 3 flavor case ) i[

]
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Pontecorvo, Maki, Nakagawa, Sakata
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NN 4

PMNS Matrix ( 3 flavor case ) ﬁ///

Pontecorvo, Maki, Nakagawa, Sakata

_ _ -~ 7 _
U, U, Us 08 05
Uppins = Uul Uu2 Uu3 = 04 0.6 0.7
U, U, U, | [ 04 06 07
C12€13 512€13 3136_1(S _ e'®’? 0 0 _
U= _512C23_012523313ei5 C12C23_512523313ei5 52313 0 e'™” 0
i 812C23_C12323313615 _012C23_312323313ei6 C23€43 |- 0 0 : -
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NN 4
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PMNS Matrix ( 3 flavor case ) ﬁ

Pontecorvo, Maki, Nakagawa, Sakata

_ _ ~ ?_

Uel UeZ Ue3 08 05

Upyins = Uul Uu2 Uu3 =1 04 0.6 ]
U, U, U, | | 04 06 [07

oy, /2
C12€13 512€13 e'™ 0 0

_ i6 ) iot, /2
U= —515C3 —Cp5,355€ C12Co3 = 5158,38,5€ S23€13 0 c 0
0 0 1

) )
S12C23 = Cp5,355€ —C12C03 7 5155,35.5€ Cy3C13 —~ -
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Current Knowledge

sin® (2012) = 0.87 £ 0.03
Am3, = (7.59 £0.20) x 107° eV?
sin? (2023) > 0.92
Am3,| = (243 £0.13) x 107° eV~
sin? (2013) < 0.15, CL = 90%

2010 PDG
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Picture Version
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Neutrino
Oscillation
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What does this mean?

A neutrino z

produced as i‘ 7
flavor o 5 ... ’ >
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What does this mean?

NS .-'..'
AT

A neutrino z

[
produced as ( f Is Detected as
flavor a / ) / flavor
> =T - >
Uai pI’Op(Vi) Uﬂi
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What does this mean?

Propagates with

, mass state i
A neutrino 3 s
Is Detected as
produced as f| 8
{ v, / avor
flavor o o ... s
Uy prop(v,) Ug;

Brandon Seilhan, lIT SMU Seminar 12



What does this mean?

Propagates with

, mass state |
A neutrino 3 s
Is Detected as
produced as a B
f v, / avor
flavor o > ... >
Ugi prop(v,) Ugi

According to Quantum Mechanics...
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What does this mean?

Propagates with

, mass state i
A neutrino 3 s
Is Detected as
produced as a g
{ v, / avor
flavor o > ... >
Ugi prop(v,) Ugi

According to Quantum Mechanics...

— la lIB S

Amp(v,—vVp) = Z Amp { v /
l- >--- -3

£

B Ugi prop(v;) Us;
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Propagation of Mass
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Propagation of Mass

In the rest frame of the neutrino:

. 0

1

ot

V()

vi(Ti)> =m,
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Propagation of Mass

In the rest frame of the neutrino:

iaat v,(7,))=m,|v,(,))
Which has the solution:
V(1)) =e"""|v,(0))
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Propagation of Mass

In the rest frame of the neutrino:

iaat v,(7,))=m,|v,(,))
Which has the solution:
V(1)) =e"""|v,(0))

Which can be rewritten:

,mizL

vi(Ti )> — €_IE

v,(0))
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Oscillation Probability

Amp(v oV ,3) = Z Amp / v,
i >---5 >
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Oscillation Probability

Amp(v oV ,3) = Z Amp / v,
i >--- >
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* N L * e
P(va R Vﬁ) =8,5— 4%9{(UaiUﬁanjUﬁj)sm2 (Amf. E) + ZSZ(UajU,BanjUﬁj)Sln(Amizj %j
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Oscillation Probability

Amp(v,_—Vp) = A / v, /
a 'p Z mp .. i e

P(v, 5 v,) =0, ~ 4 EH(U,U, U U Jsin’ A = ]+ 255 (U;,0,0,U; )snf ami - |

T4E

'2E

i>]

_ * . L : Vs L
P(vy =)= 8,5 4§m(UaiU 51U, Uj, )sin’ (Amfj E) - 23§(UaiUﬁanij)Sm(Am% 2_)
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Amp(v _—Vp) = A / v, /
a 'p Z mp .. 2 e

L L
P(v, — vﬁ) = ‘Amp(va —> vﬁ)‘z _ (EUZie o ZEU&)(EU elmJZEUﬁJ]

L *
P(vaevﬁ)=5aﬁ—4§9i(u U,U,,Uj, Jsin’ (Am 4]5)}232(UMU&U“JU )Sln(AmJ%j

CPViolating Term If U is imaginary!  r-w)=rts-v)=rleovv-v)

l L

P(Z —> g) = O — 4§m(UZiUﬂanjUzj)sm (Am _) 2SZ(U*“iUﬁanjU )sm(AmJ Ej
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3 Neutrino Case

In The 3 neutrino case we have an
explicit representation of U

—10
CnC3 51,C13 S15€
_ i i5
U=| —s,¢,;—C,8,58,5€ C12Co3 = 85155,385€ $73C13
B i B i
S12C23 =€ 557358,5€ C12Cr3 —8158738,5€ C3C3
) 2
P —1 %%A y —iAm%% 2% .
(vy > vs)=le mp (v, > ;)| = Ze O
1
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General 3x3 Oscillation Result /

2 L
U _,U sin’| Am?, —
o3 /33‘ ( 31 4E)

2 L
U U sin’| Am? — |+
o2 /32‘ ( 21 4Ej

P(v, > v,)=4|

+2

: L ). L L
U,,Up U, Ug, ‘ sm(Ami1 E) sm(Am§1 E) cOS (Amiz e +6,, ﬂ
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General 3x3 Oscillation Result /

2 L
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General 3x3 Oscillation Result /

2 L
U _,U sin’| Am?, —
o3 /33‘ ( 31 4E)

2 L
U U sin’| Am? — |+
o2 /32‘ ( 21 4Ej

P(v, > v,)=4|

+2
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U,,Up U, Ug, ‘ sm(Ami1 E) sm(Ami1 E) cOS (Amiz e +6,, ﬂ
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CP Violating Phase

2 L
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Survival Probability

— = Am; L
P(ve — ve) =1-sin’20,, sinz( Cl )

4 ) )
—cos” 0,,sin” 20,, sin (

v, Survival Probability

— Total
0.2} . 9 .. 9 Am321L
e ]-sin® (26;5) sin (1.27 = )
2
—  1-cos* (20,,) sin® (26,,) sin® (1.27272% )
0.0 : R - ——— . N
10° 10° 10° 105

Distance [m]
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Survival Probability (E dependent) ﬁ[//

..'
e

v, Survival Probability

1.0 -
\‘ \’\\
XX R
\/
0.8}
0.6}
0.4} e E,/-ezl.SMeV
- E,7€ =3.0MeV
— FE, =5.0MeV
0.2} ¢
- E,/-e =&8.0MeV
E, Averaged Over 1.8-8 MeV
0.0 ——
102 10° 10* 10°
Distance [m]
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Previous plot
averaged over
energies.

Each energy bin has
a slightly different
survival probability

v, Survival Probability

—  l-cos* (20,3) sin® (26,,) sin® (1.27274L )

102 10° 10* 10°
Distance [m]
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Signal Size

v, Survival Probability

For
1.00 antineutrinos
with 3-4 MeV of
0.95} Enel"g)’, the

optimal distance

to measure 03 is
around | 700m

0.90

0.85f

0-80 1500 2000 2500 3000

Distance [m]
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Spectral Distortion

Am? L
4E

Am’> L
4E

Oscillated Simplified Neutrino Spectrum

P (v_e — V_e) =1-sin’ 20, sin” ( j —cos* 6,,sin” 20,, sin” (

1.10

1.05f

In addition to a
deficit of events, 1

the energy 2 s
spectrum also ¢
changes. 0.90
= [ =350 m
0.85f = | =850m |
= | =1700 m
= | =2100 m
080 z 6 : 10 12

Energy [MeV]
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, . NG
Previous Reactor Experiments \///

Am; L
] j —cos”* 6,,sin” 26,, sin’ (
E

P(v, - v,)=1-sin’26,,sin’ (

.

Look for a deficit of anti-neutrino events by
predicting the expected flux.
Brandon Seilhan, IIT SMU Seminar 21
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DayaBay



L ocation

Raway
Main road

Secondary road
Buit-up area / Culvation
Airport / Major port
Power sation

Peak (in metres)

Contours
A Eaee)
Sea depth In metros
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Experimental Ralls

Far site
Overburden: 355 m

DYB site | LA site | Far site
Vertical overburden (m) 98 112 335
Muon Flux (Hz/m?) 1.16 0.73 0.041
Muon Mean Energy (GeV) 60 138

c
2%
(-3

465 m» ‘ol

. 14 Daya Bay Near
‘/IJ:, Overburden 98 m

h—et"‘

e e
‘ l cores

R
 — [y
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ng Ao Near '
Overburden 12 m y -
- »

) 07‘. . e
= S®lLingAoll

17.4 GWa, When all
6 cores are online

Far

Site (m) | Site (m)

1985

1618

1613
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Where Does DayaBay Fit In?

1.4F
1.2 X%
1.0 L. ._M-,.._.._..#_..m..,.,_m_. _______
a_‘ ) ".‘.‘
> 08f L
2 A ILL
& 0.6 x Savannah River DayaBay S T
Z O Bugey PR
X Rovno
0.4~ & Goesgen
A Krasnoyarsk
0O Palo Verde
0.2 wm Chooz
e Kam[LAND

10" 10° 10° 10° 10°
Distance to Reactor (m)

KamLAND Collaboration et al. First Results from KamLAND: Evidence for Reactor Antineutrino
Disappearance. Physical Review Letters (2003) vol. 90 (2) pp. 021802
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Overview
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Overview
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Experimental Setup ﬁ[//'

Near Site Far Site

~1.5 km 1@}
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Experimental Setup ﬁ///'

Near Site Far Site
~1.5 km 13)

(1Y
\Lfar/

N

<, N

gfar I: far :I

neutrinos ,far protons ,far
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Experimental Setup ﬁ///'

Near Site Far Site

~1.5 km 1@}

(N \/L \2/8far\/P (E Lfar)\

protons ,far near
N
\

N

neutrinos ., far

N protons,near ) \ Lfar ) \8near / \ Pee (E Lnear ) /

neutrinos ,near

Brandon Seilhan, lIT SMU Seminar 27



] N
Experimental Setup \,//.
]—cos4 0,,sin” 26, sin [AIL?L)

> Near Slte Far Site

~1.5 km 16’

(N \/L \2(8far\/P (E Lfar)\

protons ,far near
N
\

far ) \8near / \Pee (E Lnear)/

Am31L

P(v_eav_e) 1—sin” 26,, sin’

*.

N

neutrinos ., far

N

neutrinos ,near protons ,near )
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Coincidence Method

- Inverse Beta : Delayed Signal :
- Decay Event ’
v, '
‘\ . 0

0

0

0

0

0

0
0 / 2Ey=12MeV
8 Prompt Signal v

....... T R R R R REEEE O
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vy

L 4
4

Neutron Capture + Coincidence Signal \,

: Gd V,+p —e" +n (prompt)

= 03bl5 +p —>D + (2.2 MeV) (delayed)
Y 50,0006 + 6d —>6d* — 6d + ¥S(8 MeV) (delayed)

psg T T time_GdLS
Entries 8219
. Mean 29.7
| 200 e g
%2 / ndf 75.86/78
Constant 5.756 « 0.040
150 [ Slope -0.03685 + 0.00085

; © 20-100 ps expo fit =
100
Capture Time: 27.1 s

- Energy of v, is given by: 50
EV zTe+ +Tn + (mn - mP) +m e+ zTt’-‘"‘ + 1.8 MeV

1111111111111

T]Il]llll

A TR e ] L

TN B o R
10-40 keV % 50 100 150 200 250 300 350 400
Capture Time (us)
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Measured IBD Spectrum

Detected IBD Rates
The Measured ' ' ' ' ' -
—— Cross Section
Spectrum is the — 180 Spectrum
— 1, flux
convolution of

the Incoming
Flux and IBD
Cross Section.

| .8 MeV
Threshold . i

‘ 0 Tz 4 6 8 10 12 14

Energy [MeV]
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3 Zone Detector

Brandon Seilhan, lIT SMU Seminar 31



3 Zone Detector

Calibration
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3 Zone Detector

Calibration

Overflow
(Target Mass Monitoring)
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3 Zone Detector

Calibration

Overflow
(Target Mass Monitoring)

Target Region (GDLYS)

Brandon Seilhan, lIT SMU Seminar 31



3 Zone Detector

Calibration

Overflow
(Target Mass Monitoring)

Target Region (GDLYS)
Gamma Catcher (LS)
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3 Zone Detector

Calibration

Overflow
(Target Mass Monitoring)

Target Region (GDLYS)
Gamma Catcher (LS)

Oil Buffer (MO)
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3 Zone Detector

Target Mass:

20t per Detector
Detector Mass: ~| |0t
192 (+8 calibration) PMTS

Energy Resolution 12%/+/E

DBNear 840 2 (40 ton)

LANear 760 2 (40 ton)
Far 90 4 (80 ton)
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Arbitrary Units

Detection Efficiency

Delayed n Signal
Prompt e* Signal
6 MeV cut for delayed neutrons: 91.5%,

| MeV cut for prompt positrons: >99%, uncertainty 0.22% assuming |% energy
uncertainty negligible uncertainty
reconstructed neutron (delayed) capture energy spectrum
c

E g 3501 Entries 75959
400— § i Z'&‘;" 22;

E . ul300_ | Underflow ' 0
350— ™ Overflow 3

— . 250[
300 ... : y

= a5 6MeV | 10 MeV
250 we - I I

- =0 150h f ’
P e e e e e e e R R ook ﬁ l ‘ I
150 R | ﬁ‘ |

C  ——True Energy S0p | | I \_ |
100F-  * GeantEnergy OL._...J N oty .

-  ——Reconstructed Energy 2 4 6 8 10 12
S0 Recon. Energy (MeV)

0: M‘*f [ R T N T
0.2 0.4 0.6 0.8 1 1.2 1.4

H Capture  Gd Capture
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Backgrounds

Daya Bay Singal / Background Spectra ® Fast Neutron

= Fast Neutron ® Proton recoil + neutron
= Y Tj/®%He

=== Accidentals Capture.

=== |BD Prompt Signal

e °Li/®He
® 495% / 16% branching
fraction for beta decay
followed by neutron
emission.

® Accidental
® Natural Radiation +
neroy ey neutron Capture.

(Normalized to area)
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NS
AT

Near Site Background Rate

Background Spectrum at DBNearl
(90 days)

Bl Fast Neutron|]
B °Li/%He
B Accidentals ||

=
B
T

=
N
T

=
o

Background Events

1 2 3 4 5 6 7 8
Energy [MeV]

With background to signal ratio of 0.3%
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N
AT

The water pools are the first of two systems to
veto muons and help suppress backgrounds

Muon System

inner water pool

e Water Cherenkov detector
* ~|000 total pmt’s
e |[PMT/8m? (inner)
SN TR e |PMT/6-7m? (outer)

Cdliom ° Divided into 2 optically
\i ! separated regions
gi 11 D 24 * 2 region design provides independent
st wisony triggers
' * When combined give a 98% muon
efficiency

outer water pool (I m)
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NN 4

Resistive Plate Chambers N

The second system consists of 4 layers of RPC’s
that cover the entire water pool o

Active area

*|512 RPC’s

* 189 modules (8 RPC’s per module) >3 cm
* Modules overlap to eliminate dead F(EE——— T
space =

216 m

Overlap width >6cm

*6048 readout strips

* 4 readout strips per RPC
* Each strip is 2m x 25cm
e Zigzag design (6cm pitch)

*4 layer structure
* Trigger on 3 of 4 layers hit
* Alternate direction
* 0.5m spatial resolution
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Muon Detection Efficiency

NS

RPC

Trigger Threshold

NN 4

Layer | >1 >2 >3 >4
1 95%
Total | 2 99.75% 90.25%
Planes | 3 99.987% | 99.275% | 85.74%
4 09.999% | 99.952% | 98.598% | 81.45%
Water Pool T
LIS e 5 ‘
- " Inner Water Shield
0-995__+ ....... ; .................... E ..................... é. ..............
- ' . Yo +  Outer Water Shield
0.99 __............E.........*.........+’.........*.........;,..............
..0.985 o e % .................. E e — -
= - {. o
:g 098:— _____________________ _____________________ . [ + ___________________________________________
i F
0.975 __._..._..A..EA_....._._._._._._._.E ..................... é. ................... ;.._._..._......A...._.é...._._._. ._._._._._E_..._..._.+A .........
N T
0965:— ..................... ................... ......... o
: | i | | i | 1 1 i 1 1 i 1 1 1 i | i |
6 8 10 12 14 16 18

Brandon Seilhan, IIT

Fired PMT Cut

Using an | | pmt
multiplicity trigger in the
water pool and requiring 3
of 4 RPC layers register a
hit gives a combined muon
detection efficiency of

over 99%

Water Pool + RPC

Pool Only Pool+RPC
98.854+0.12% | 99.43+0.09%
08.81+0.12% | 99.44+0.08%

Near
Far

SMU Seminar
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DayaBay -- Tour
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DayaBay -- Tour

© 2010 The Regents of the University of California, Lawrence Berkeley National Laboratory
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DayaBay -- Tour

© 2010 The Regents of the University of California, Lawrence Berkeley National Laboratory
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Sensitivity / Schedule

Upcoming Milestones

 Summer 201 |: Daya Bay near hall physics ready
* Fall 2012:all near/far halls physics ready

~ [ y Sensitivity vs. running time
N> B \ 0.05 T T T
MD 4.5 [*%. = (Chooz
S : Daya Bay 3 y I
& BE 0.08f e e e e e B
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Near Site
Physics



N
AT

Near Site Physics

® Data is available soon because we will take
DBNear site data while commissioning the
other two halls.

® High event rate (840 / module / day)

® No Near/Far Cancellation, need a very
good understanding of Reactor Flux.

® Non-optimal Baseline.
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Potential Topics

® First“real” chance to test identicalness.
® Observe reactors:

® Burn-up
® Shutdowns
® Power Fluctuations

® Single site Thetal 3 Measurement.
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Flux Predictions

Isotopic v, Spectra
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Huber and Schwetz. Precision spectroscopy with reactor antineutrinos. Phys. Rev. D (2004)
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Fission Rates

Fission Rate of 6 Larget Contributing Isotopes
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Fission Fractions

0.8 Isotopic Fission Fractions
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Rate by Isotope
Using a “standard” core: [0.570:0.078:0.295:0.057]

Antineutrinos by fission source
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Neutrino Rate [day 250 keV ']

Fuel Cycle

Antineutrinos by fission source

30 T
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BN U238
251 1 Pu239|
Bl Pu24l

Energy [MeV]

Beginning of
Fuel Cycle
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IBD Rate

DBNearl
Daily Rate: 828.25
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Reactor Shutdowns

Refuellng Outages
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Shutdown Observation
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As various cores
are shutdown, we
will observe a
corresponding drop
in flux.

i o4 i
I Projected

aaaaaaaa

aaaaaaaa

Refueling Outages

]
|
N

EEm |AEA Data

[ 6 Months Data
== Today

\\\\\\\\\\\\
%%%%%%%%%%%%%%%%%%%%%%
QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

L 4
¥y
Y2

54



Shutdown

Daily Event Rate
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Theta |3 Sensitivity

- 3 month sensitivity
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Live time

Live time takes into account 80% uptime
Sensitivity over time

— 99.5% CL
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Global Chi Squared

2
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Parameter | Uncertainty Desctiption | Value
Obob Bin to bin uncorrelated | 0.003
O, Reactor correlated 0.02
o Reactor uncorrelated 0.02
O shp Reactor flux shape 0.02
oD Detector Correlated 0.02
Od Detector uncorrelated | 0.0038
o Fast Neutron 1.0
On Accidental 1.0
O SHe/?Li 0.003
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Reactor Uncorrelated

0.100 Uncorrelated Regctor Uncelrtalnty

0.095

0.090

20,5

0.085

[a]

sin

0.080

0.075

. 7 | | |
0.0 (9.00 0.02 0.04 0.06 0.08 0.10 0.12

o

Brandon Seilhan, lIT SMU Seminar 59



Reactor Correlated

Correlated Reactor Uncertainty
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Detector Correlated

Examples: H/Gd ratio, H/C ratio, neutron capture time, spill in / spill out

Correlated Detector Uncertainty
0.100 . . .

0.095f
0.090

I
|
|
|
|
|
|
|
|
|
|
|
|
|
0.085F |
|
|

.9
sin” 20,

0.075F

|
|
|
|
|
|
|
|
|
]

0.07

.00 0.02 0.04 0.06 0.08 0.10 0.12
Op

Brandon Seilhan, lIT SMU Seminar 61



Detector Uncorrelated

0.100 Uncorrelated Detector Uncertainty
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Detector Uncertainty

Source of uncertainty Chooz Daya Bay (relative)
(absolute) |« Baseline | Goal | Goal w/Swapping
# protons 0.8 03 0.1 0.006
Detector | Energy cuts 0.8 02 0.1 0.1
Efficiency | Position cuts 0.32 00 00 0.0
Time cuts 04 0.1 0.03 0.03
H/Gd ratio 1.0 0.1 0.1 0.0
n multiplicity 0.5 0.05 0.05 0.05
Trigger 0 001 0.01 001
Live time 0 <001 | <001 <0.01
Total detector-related uncertainty 1.7% 0.38% | 0.18% 0.12%
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OLi / 8He

® He/” Li Uncertainty
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Other Backgrounds

Fast Neutron Uncertainty Accidentals Uncertainty
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Bin-to-bin

Bin to Bin Uncertainty
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Reactor Flux Shape

In Full running this has a much lower impact because the nearsites will

“measure” the flux much better than 2 %

Flux Shape Uncertainty
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Uncertainty Summary

Systematic Uncertainties
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Summary

® Oscillation experiments give a unique handle
on weakly interacting neutrinos.

® With full running scheduled for Fall 2012 the
goal sensitivity can be reached as early as
2014.

® |n the near term, interesting physics
measurements can be made using near site
data taken during commissioning of the
remaining sights.
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Dry-Run Results
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Propagator

Rest Pi=(m;,0) P.=(E.p) Lab
frame x=(1,,0) x=(t,x) frame

Phase Difference: p,)L—(E,—E,)t

¢=(p: -
P;
E,

Average Velocity: V= E

(Elz_Eg) Am: L
L-(E,-E,)6t — &p=—12!
(P1+p2) ( ) ¢ 2E

,mizL

prop(v,)=¢ 2
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3 Neutrino Mixing

In General: Amp(v, >v,)=) Ule U,

2 -ﬁ2

im —iAmj — iAm; —
— 2E g — E 2E 2ETT*
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Coverage From DayaBay

v, Survival Probability
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Muon Rate

Detailed topo map, modified Gaisser formula, and MUSIC

E 2 =
Q 10 :F
H e B
N ST ——
= .- Expected Muon Flux from
- = <:| . .
= L F Simulation.
= 10 =
S g = Daya Bay
= 2 -B Ling Ao
10" é_ Far
1 10 10° 10°
Muon Energy (GeV)
DYB site | LA site | Far site
Vertical overburden (m) 98 | . 300
Muon Flux (Hz/m?) 1.16 0.73 0.041
Muon Mean Energy (GeV) 55 60 138
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Water Pool Efficiency

] Inner Water Shield
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IBD Cross Section

15 Inverse Beta Decay Cross Section

—  Zeroth Order
— First Order

10f

Cross Section [107* em? ]

Energy [MeV]
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Fuel Cycles

238U(I’l, ,}/) 239U
Y el N
239Np E?C/Ii :(2);1 ldlj/i:\/ ? 239Pl/t
"N =0
E>1.8 MeV
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Isotope Yields

4
(a) Reactor v, spectra [ 235
(b) Cross section ¢ (Arbitrary units)
(c) v.o (Arbitrary units) alV
239
s (@ (c) Pu

ve (/fission/MeV)
\O)

AEREREE TR SN
% 1 2 3 4 5 10

E. (MeV)

Fig. 1. (a) Reactor v, energy spectra for four main fissile isotopes [5]. The
shaded region for the isotopes gives the uncertainty in the spectrum.
(b) Cross-section of the inverse B-decay reaction [4]. (c) V. observed no-

oscillation spectrum for each fissile isotope; this is a convolution of
(a) and (b).

Nakajima et al. Nuclear Inst. and Methods in Physics Research (2006)
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Core Data

2 - TECHNICAL DESCRIPTION

TECHNICAL DATA

Power
NSSS rated thermal output
Gross electrical output

2905 MWth
990 Mwe

Reactor Containment
Type

Inside diameter

Single Containment
Prestressed concrete + steel liner
37 m

Wall thickness 0.90 m
Overall height (from ground level) 59.4 m
Overall internal volume 60000 m3
Overall internal free volume 50000 m3
Reactor Core

Core rated thermal output 2895 MWth
Core damage frequency 5 x 108 reactor-year
Number of fuel assemblies 157

Total weight of Uranium 72.51

Rod cluster control available locations (equipped with CRDMs) 61

Main Primary System

Number of reactor coolant loops 3

Number of CRDMs 61

Reactor coolant system operating pressure 155 bar
Reactor coolant temperature at RPV inlet 292.4°C
Reactor coolant temperature at RPV outlet 327.6°C
Steam generator tube material Inconel 690
Steam pressure at SG outlet at nominal power = 67.1 bar
Steam flow rate 1614 kg/s
Steam humidity at SG outlet <0.25%
Reactor coolant pump type Model 100
Reactor coolant pump nominal flow 23790 m3/h

SMU Seminar

Areva Press Release
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Fuel Pin and Assembly
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Event Rated

Daya Bay Near Ling Ao Near Far Hall
Baseline (m) 363 481 from Ling Ao | 1985 from Daya Bay
526 from Ling Ao II | 1615 from Ling Ao

Overburden (m) 98 112 350
Radioactivity (Hz) <50 <50 <50

Muon rate (Hz) 36 22 1.2
Antineutrino Signal (events/day) 240 740 90
Accidental Background/Signal (%) <0.2 <0.2 <0.1

Fast neutron Background/Signal (%) 0.1 0.1 0.1
“He+"Li Background/Signal (%) 0.3 0.2 0.2
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