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Neutrino mass-mixing: an overview

60 years ago we had no idea neutrinos could have mass and mix...
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Neutrino mass-mixing: an overview

... but Nature provided neutrino sources with the right properties...
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Neutrino mass-mixing: an overview

... but Nature provided neutrino sources with the right properties...

10—12
10~ 1072 10° 102
tan0
http://hitoshi.berkeley.edu/neutrino

Francesco Capozzi - Max Planck Institute For Physics

Atmospheric sector

100 / Am2,623



Neutrino mass-mixing: an overview

... then complemented by our artificial sources...
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Neutrino mass-mixing: an overview

...leading to a well established 3v framework!

Reactor sector
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Neutrino mass-mixing: an overview

...but 3 + ? scenarios are not completely ruled out...
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Neutrino mass-mixing: an overview

In a 3-neutrino framework we have 10 mass and mixing parameters

612, 913, 923 3 mixing angles

Francesco Capozzi - Max Planck Institute For Physics



Neutrino mass-mixing: an overview

In a 3-neutrino framework we have 10 mass and mixing parameters

612, 613, 623 3 mixing angles

6 1 Dirac phase

CP violation if & # 0,11
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Neutrino mass-mixing: an overview

In a 3-neutrino framework we have 10 mass and mixing parameters

612, 613, 623 3 mixing angles
6 1 Dirac phase
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Neutrino mass-mixing: an overview

In a 3-neutrino framework we have 10 mass and mixing parameters

012, 013, O23
O
Am2, dm?2

Am2 = m23- (M22+m24)/2

atmospheric
mass difference

3 mixing angles
1 Dirac phase

2 mass differences

OmM2=m2-m2;>0

solar
mass difference

Francesco Capozzi - Max Planck Institute For Physics 11



Neutrino mass-mixing: an overview

In a 3-neutrino framework we have 10 mass and mixing parameters

012, 013, O23

0

Am2, dm?2

mass ordering

3 mixing angles

1 Dirac phase

2 mass differences

Normal mass ordering (NO): mz > m2 >ms and Am2 >0

Inverted mass ordering (10): m2>mi >ms and Am2 <0
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Neutrino mass-mixing: an overview

In a 3-neutrino framework we have 10 mass and mixing parameters

612, 613, Bo3 3 mixing angles
O 1 Dirac phase
AmZ, Om?2 2 mass differences

mass ordering

0(1, 0 &, 2 Majorana phases
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Neutrino mass-mixing: an overview

In a 3-neutrino framework we have 10 mass and mixing parameters

612, 613, Bo3 3 mixing angles
O 1 Dirac phase
AmZ, Om?2 2 mass differences

mass ordering

X1, X2 2 Majorana phases

mo absolute mass scale
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Neutrino mass-mixing: an overview

What we know and what we do not know
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Neutrino mass-mixing: an overview

What we know and what we do not know
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Neutrino mass-mixing: an overview

What we know and what we do not know
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Neutrino mass-mixing: an overview

What we know and what we do not know

O12, 013, O23

Am2, Oom?2
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Mo
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Neutrino mass-mixing: an overview

How do we measure the mass-mixing parameters?

O12, B13, O23
Amz2, dm2 Neutrino
oscillations
O
mass ordering

X1, X2

Mo
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Neutrino mass-mixing: an overview

How do we measure the mass-mixing parameters?

012, 013, O23

Amz2, Om?2

0

mass ordering

X1, X2

Mo

Neutrino
oscillations

Cosmology

5, OVBP
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Neutrino mass-mixing: an overview

How do we measure the mass-mixing parameters?

012, 013, O23

Amz2, Om?2

6| GLOBAL
| mass ordering | ANALYSIS

X1, X2

Mo
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lobal analysis of
oscillation data

Prog. Part. Nucl. Phys. 102 (2018) 48 + OSCILLATION UPDATE 2019
in collaboration with E. Lisi, A. Marrone and A. Palazzo
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Neutrino oscillation measurements

The AMPLITUDE of oscillations give information on the mixing angles

P(vo — v3)

sin26

>

distance / energy
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Neutrino oscillation measurements

The WAVELENGTH of oscillations give information on Am?

P(vo — v3)

:
21 / Am2

>

Lo / Eo distance / energy
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Neutrino oscillation measurements

The WAVELENGTH of oscillations give information on Am?

P(vo — v3)

>

Lo / Eo distance / energy
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Neutrino oscillation measurements

The phase d modifies the amplitude of oscillations

P(v, — Ve ) & = 377/2

>

distance / energy
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Neutrino oscillation measurements

The phase & modifies the amplitude of oscillations
(differently for v and V)

P(ENA% pe) O =T1/2

>

distance / energy
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Neutrino oscillation measurements

Propagation in matter distinguishes normal (NO) and inverted (10) ordering

P(v, 7 Ve) matter, NO

matter, 1O

vacuum

>

distance / energy
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Neutrino oscillation measurements

Propagation in matter distinguishes normal (NO) and inverted (10) ordering

P(v, — v,)

matter, 10

matter, NO

vacuum

>

distance / energy
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Oscillation data sets

Solar «— (012, dm2, [ )

(Homestake,Gallex,GNO, Borexino,SNO,SK)

Oscillations in matter

&

E [0.1,10] MeV Vem’
L=1.5x 108 km

K. Abe et al. [Super-Kamiokande Collaboration], Phys. Rev. D 94 (2016) no.5, 052010
B. Aharmim et al. [SNO Collaboration], Phys. Rev. C 88 (2013) 025501
B. T. Cleveland, et al., Astrophys. J. 496 (1998) 505
J. N. Abdurashitov et al. [SAGE Collaboration], Phys. Rev. C 80 (2009)
F. Kaether, W. Hampel, G. Heusser, J. Kiko and T. Kirsten, Phys. Lett. B 685 (2010) 47
M. Agostini et al. [BOREXINO Collaboration], Nature 562 (2018) no.7728, 505
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Oscillation data sets

KamLAND +—> (012, OM?2,

)

. Oscillations in matter

L ~ 180 km

A. Gando et al. [KamLAND Collaboration], Phys. Rev. D83 (2011) 052002

Francesco Capozzi - Max Planck Institute For Physics
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Oscillation data sets

Long baseline acc. «—— (0,3, Am2, §, MO, )

(T2K, NOvA, MINOS)

E~1GeV

)
Ve,u

Vi L e [300-1000] km

M. A. Acero et al. [NOVA Collaboration], arXiv:1906.04907
M. Friend, “Updated Results from the T2K Experiment with 3.13 x 1021 Protons on Target.” KEK seminar, January 10, 2019
P. Adamson et al. [MINOS Collaboration], Phys. Rev. Lett. 112 (2014) 191801
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Oscillation data sets

Solar «—  (B12, 5m2, 0 )

(Homestake,Gallex,GNO, Borexino,SNO,SK)

KamLAND «——  (B12,dm2, 0 )

Long baseline acc. «—— (0,3, Am2, §, MO, )

(T2K, NOvA, MINOS)

Combined they are sensitive to all parameters

[LBL Acc + Solar + KamLAND]
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Analysis results

LBL Acc + Solar + KamLAND
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Analysis results: mass differences
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Analysis results: mixing angles

LBL Acc + Solar + KamLAND
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Analysis results: 623 octant

LBL Acc + Solar + KamLAND
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Analysis results: 623 octant

No

No

LBL Acc + Solar + KamLAND
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Analysis results: CP violation
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Analysis results: CP violation

LBL Acc + Solar + KamLAND

1l IIII|III|IIII|III|III I L 1Tl LI L L
I

TN

No 2

1_ _______________

7.0 7.5 8.0 3. . . A4 . . . 0.0 0.5 1.0 1.5 2.0
dm? [10™ eV?] Am? [10° eV?] 8/m
4 I | | L | | L |

— N

I L III|IIIIIIII

No 2

025 030 0.35 0.01 0.02 0.03 004 03 04 05 06 07
- 2 - 2 . 2
Sin 612 Sin 613 sSin 623

Francesco Capozzi - Max Planck Institute For Physics



Analysis results: CP violation

LBL Acc + Solar + KamLAND
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Analysis results: mass ordering

LBL Acc + Solar + KamLAND

1l IIII|III|IIII|III|III I L 1Tl LI L L
I

TN

No 2

1_ _________________

7.0 7.5 8.0 8.5

dm? [10™ eV?] Am? [10° eV?] 8/m
4I|IIII|IIII|

i\)llllllllllllll

N

— N

I L III|IIIIIIII

No 2

025 030 0.35 0.01 0.02 0.03 004 03 04 05 06 07
- 2 - 2 . 2
Sin 612 Sin 613 sSin 623

Francesco Capozzi - Max Planck Institute For Physics

42



Oscillation data sets

We then strongly constrain 613 with:

SBL reactors — (013, )

(Daya Bay, Double Chooz, RENO)

’ Oscillations in vacuum

Ve L ~1 km ve L
E  [0,10] MeV

Daya Bay collaboration, D. Adey et al., arXiv:1809.02261
RENO collaboration, G. Bak et al., arXiv:1806.00248
A. Cabrera Serra, Talk given at the CERN EP colloquium, CERN, Switzerland, September 20, 2016.

Phys. Rev. D 87 (2013) no.9, 093002

Francesco Capozzi - Max Planck Institute For Physics
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Analysis results: covariance (023,013)
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Analysis results: covariance (023,013)
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Analysis results: covariance (023,013)

LBL Acc + Solar + KL

+ SBL Reactors
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Analysis results: covariance (013,0)

LBL Acc + Solar + KL
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Analysis results: covariance (013,0)

LBL Acc + Solar + KL + SBL Reactors
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Analysis results

No

No

LBL Acc + Solar + KamLAND + SBL Reactors
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Oscillation data sets

We finally add the rich phenomenology of atmospheric neutrinos

Atmospheric > > (023, Am2, MO,

(Super-Kamiokande, IceCube-Deepcore)

)

E €[0.1,104] GeV
L e [0,104] km
P,
’
K. Abe et al., [Super-Kamiokande Collaboration] Phys. Rev. D97 (2018) 072001

M. G. Aartsen et al. [IceCube Collaboration], Phys. Rev. Lett. 120 (2018) no.7, 071801

Francesco Capozzi - Max Planck Institute For Physics

50



Analysis results

No
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LBL Acc + Solar + KamLAND + SBL Reactors + Atmos
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Analysis results

LBL Acc + Solar + KamLAND + SBL Reactors + Atmos

4 lell T 1] _||II|IIIU||||||_ _”Illllllllwl
of /o4 - z/ ----------------
No 2f- 4 F 3 - _
R o A S T S 4 e\ A -
O :I 1 1 1 | 1 1 11 | [ T | | 1 1 1 I: :I 111 | 1111 | 111 | 1111 | 111 I: :I I | | [ T | | 1 1 | | 1 1 1 I:
65 70 75 80 85 22 23 24 25 26 27 00 05 10 15 20
dm? [10™ eV?] Am? [10° eV?] 8/m
4 B | | I INT ] | LYV A | 1 | B 1T 1T 1 | | 1 | L | _I I | UL | | | | I_
N \/ ] N \/ — NO - N \/ ]
3 - F = -
No 2f - . 4 F 4 F -
s O I R | R 3 N -
: | | 1 1 1 1 | 1 1 1 1 | 1 1 1 : : 1 1 1 1 | u 1 1 1 | 1 1 1 1 : :I I | | [ T | | | 1 1 | 1 1 1 I:
025 030 0.35 001 002 003 004 03 04 05 06 07

- 2 - 2 « 2
Sin 612 Sin 613 Sin 623

Francesco Capozzi - Max Planck Institute For Physics

52



Analysis results

LBL Acc + Solar + KamLAND + SBL Reactors + Atmos
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Analysis results

No
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LBL Acc + Solar + KamLAND + SBL Reactors + Atmos
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Non-oscillation data

Phys. Rev. D 95 (2017) no.9, 096014)
in collaboration with E. Di Valentino, E. Lisi, A. Marrone, A. Melchiorri and A. Palazzo
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Non oscillation data: variables

Cosmology, B and Ov[3p decays can probe:

’/u\l - U
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n, gl - drp
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/di A U,
n.d - dip
\u/ > \ /‘

Francesco Capozzi

2, = my + mo + ms
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3
2 § : 2 2
1=1

- Max Planck Institute For Physics
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Non oscillation data: variables

Here we focus on 2 and mgg

2, = my + mo + ms

U - ‘U
Nn'd! > d ‘| P
\d/ “TA - ‘U,
v mgag mz
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Constraints on (2,mgg)

Only oscillation constraints, with Ax2(10) = x2- X2min(1O)

1: | [T T T 11 | [ 1T 1T 11 |:
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- 30
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2. L _|
| ]
E /L
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- NO .
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2(NO) >0.06 eV and 2(IO) >0.1 eV
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Ov3 constraints on mgg

We convert the constraint on Tovgg from KamLAND-ZEN to mgg

—1 e 2 2
ovgp = G | M7 mjg

Francesco Capozzi - Max Planck Institute For Physics
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Ov3 constraints on mgg

We convert the constraint on Tovgg from KamLAND-ZEN to mgg

F. Capozzi, E. Di Valentino, E. Lisi, A. Marrone, Melchiorri and A. Palazzo, Phys. Rev. D 95 (2017) no.9, 096014

10 | | | | | | T | | | | |
93— KamLAND-Zen data from _f
- Phys. Rev. Lett. 117, no. 8, 082503 (2016) .
81— (update in progress) =
7F -
6 -
5 -
4 -
3 -
2 -
1= -
O - | N N
1072 107
My, (eV)
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Constraints on (2,mgg)

Oscillation + OvBB constraints, with Ax2(10) = X2 - X2min(1O)

1: [ [T T TTTI [ [T T TT I:
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2 [eV]

mgg < 0.2 eV (20)
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Cosmological constraints on 2

The matter power spectrum represents the degree of clustering as a
function of scales

Planck 2018
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https://www.cosmos.esa.int/web/planck/picture-gallery

Cosmological constraints on 2

Neutrino masses (2) affect the matter power spectrum at small scales

Planck 2018
_.}EE ttps://www.cosmos.esa.int/web/planck/picture-gallery
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https://www.cosmos.esa.int/web/planck/picture-gallery

Cosmological constraints on 2

We take the constraint from different cosmological observations

F. Capozzi, E. Di Valentino, E. Lisi, A. Marrone, Melchiorri and A. Palazzo, Phys. Rev. D 95 (2017) no.9, 096014
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Constraints on (2,mgg)

Oscillation + OvBB + cosmology (conservative) constraints
AxZ(10) = X2 - X2min(1O)
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Constraints on (2,mgg)

Oscillation + OV + cosmology (aggressive) constraints
AXZ(lO) = X2- X2min(lO)
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Constraints on (2,mgg)

Oscillation + OV + cosmology (aggressive) constraints
AXZ(10) = X2-X2min(NO)

1: [ [ ||||| [ [T T TTT
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Ax2(10 - NO) = 11.7 > 10.2 from oscillations
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Conclusions

- Good agreement between different experiments

- We have entered the precision era for oscillation parameters

- Hint for CP violation (20) and for normal ordering (30)

- Small hint in favour of the second octant of 023

- Non oscillation data corroborates preference for normal ordering

Francesco Capozzi - Max Planck Institute For Physics
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Thank you



Neutrino oscillation measurements

We want to measure the oscillation probability

DISAPPEARANCE
Vog —mM8™M - Vo
P(vy — )

detector
N e

P(VO‘ — VO‘) — ]\ source
Vo
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Neutrino oscillation measurements

We want to measure the oscillation probability

APPEARANCE

Francesco Capozzi - Max Planck Institute For Physics 71



The x2 depends on 7 parameters

X(Z)SC — ngc(ﬁlg, 013,03, 5, 6m?, Am?, Sign(AmQ))

We define the Ax?

Ax*(NO) = Xgso(Am* > 0) — min[xg, (Am* > 0)]

Ax*(I0) = Xgse(Am” < 0) — min[xge(Am* < 0)]

We report the results in terms of

No = /Ay?2

Francesco Capozzi - Max Planck Institute For Physics
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Solar sector (012,0m2)

Daytime survival probability of ve as a function of energy

PVe —> Ve
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Solar sector (012,0m2)

Day/Night asymmetry (%)

2 4 3 a 10 12 14

Day/Night asymmetry e 1/Am?25;

Super-Kamiokande Collaboration, Neutrino 2016
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Solar sector (012,0m2): KamLAND

2
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Covariance (012,0m2)
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Long baseline accelerator experiments

Comparison between data and predictions for NOVA ve-appearance

T 1
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Alex Radovic,
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NO and IO predictions are different because of matter effects
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Long baseline accelerator experiments

Comparison between data and predictions for NOVA ve-appearance

Total events expected
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Long baseline accelerator experiments

Comparison between data and predictions (NO) for T2K ve-appearance

Observed o =-7/2 0=10 0= +r/2 O=T

e-like v mode
e-like+1z+t v mode

e-like v mode

u-like v mode

u-like v mode

Preference for & = 31/2 (-1v/2) and NO
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Long baseline accelerator experiments
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Long baseline accelerator experiments
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Short baseline reactor experiments

REACTOR
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Short baseline reactor experiments

Very large statistics accumulated: O(106) events

J. Pedro Ochoa-Ricoux, Talk at Neutrino 2018
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Atmospheric neutrino experiments
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Atmospheric neutrino experiments
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Atmospheric neutrino experiments
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Long baseline accelerator experiments

NO NO Am?2. [
P,ue = I'atm + Psol =+ 2\/Patm Psol cos | 0 + 71
10 o 4F

Experiment work near oscillation maximum: Am231L/(4E) ~ 1/2
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Long baseline accelerator experiments

Francesco Capozzi - Max Planck Institute For Physics
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Analysis results: covariance (623,Am?2)

LBL Acc + Solar + KL
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Analysis results: covariance (623,Am?2)
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Global analyses comparison

Bari Group
F. Capozzi, E. Lisi, A. Marrone, A. Palazzo
Prog. Part. Nucl. Phys. 102 (2018) 48

NUFIT Group
|. Esteban, M.C. Gonzalez-Garcia, A. Hernandez-Cabezudo, M. Maltoni, T. Schwetz

JHEP 1901 (2019) 106

Valencia Group
P.F. de Salas, D.V. Forero, C.A. Ternes, M. Tortola and J.W.F. Valle
Phys. Lett. B 782, 633 (2018)
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Global analyses comparison

Comparison in terms of ©

Normal ordering Inverted ordering
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Global analyses comparison

No
N

Comparison in terms of 023

Normal ordering
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Ov3 constraints on mgg

We convert the constraint on Tovgg from KamLAND-ZEN to mgg

X (mp) = minf (Tovss (mss, | M)+ (1))

given by the collaboration our calculation
Phys. Rev. Lett. 117, no. 8, 082503 (2016)

() = U=

2
o)
i
gA quenching residual
uncertainty uncertainty

n = log,o(|M|) = 17 +|a(ga — 1)|H|[sBH]|o

short-range
correlations

For 136Xe we have =0.458, 3=0.021 0=0.032
We assume oga=0.15.

oy = \/(ozagA)Q + % 4+ 02 = 0.078

Francesco Capozzi - Max Planck Institute For Physics
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Constraint on 2

We take the constraint from different cosmological observations

TABLE II: Results of the global 3v analysis of cosmological data within the standard ACDM + X and extended ACDM + ¥ + Ajens
models. The datasets refer to various combinations of the Planck power angular CMB temperature power spectrum (TT) plus polarization
power spectra (TE, EE), reionization optical depth mg1, lensing potential power spectrum (lensing), and BAO measurements. For each
of the 12 cases we report the 20 upper bounds on ¥ = m1 + ma + m3 for NO and IO, together with the Ax? difference between the two
mass orderings (with one digit after decimal point). For any X, the masses m; are taken to obey the dm? and Am? constraints coming
from oscillation data. See the text for more details.

# Model Cosmological data set 3 /eV (20), NO ¥/eV (20), 10 AXio_NO
1 ACDM + X Planck TT + 7Tur1 < 0.72 < 0.80 0.7
2 ACDM + X Planck TT + mur1 + lensing < 0.64 < 0.63 0.2
3 ACDM + X Planck TT 4+ marr + BAO < 0.21 < 0.23 1.2
4 ACDM + X Planck TT, TE,EE + TuFI < 0.44 < 0.48 0.6
5 ACDM + X Planck TT,TE,EE + Tur1 + lensing < 0.45 <047 0.3
6 ACDM + X Planck TT, TE,EE + mar1 + BAO < 0.18 < 0.20 1.6
7 ACDM + ¥ + Ajens Planck TT + 7mur1 < 1.08 < 1.08 —0.1
8 ACDM + X + Ajens Planck TT + mur1 + lensing < 0.91 < 0.93 0.0
9 ACDM + X + Ajens Planck TT + muar1 + BAO < 0.45 < 0.46 0.2
10 ACDM + X + Ajens Planck TT, TE,EE + THFI < 1.04 < 1.03 0.0
11 ACDM + X + Ajens Planck TT, TE,EE + Tur1 + lensing < 0.89 < 0.89 0.1
12 ACDM + ¥ + Ajens Planck TT, TE,EE + marr + BAO < 0.31 < 0.32 0.3
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Constraint on 2

We take the constraint from different cosmological observations

TABLE II: Results of the global 3v analysis of cosmological data within the standard ACDM + X and extended ACDM + ¥ + Ajens
models. The datasets refer to various combinations of the Planck power angular CMB temperature power spectrum (TT) plus polarization
power spectra (TE, EE), reionization optical depth mg1, lensing potential power spectrum (lensing), and BAO measurements. For each
of the 12 cases we report the 20 upper bounds on ¥ = m1 + ma + m3 for NO and IO, together with the Ax? difference between the two
mass orderings (with one digit after decimal point). For any X, the masses m; are taken to obey the dm? and Am? constraints coming

from oscillation data. See the text for more details.

# Model Cosmological data set ¥/eV (20), NO Y./eV (20), 10 AXio_NO
1 ACDM + X Planck TT + 7ar1 < 0.72 < 0.80 0.7
2 ACDM + X Planck TT + 7 0.64 < 0.63 0.2
3 ACDM + X Planck TT + 1 < 0.23 1.2
4 ACDM + X Planck TT,T 4 < 0.48 0.6
5 ACDM + X Planck TT, T 5 < 047 0.3
6 ACDM + X Planck TT, T 3 < 0.20 1.6

[7 ACDM T & T Alens Planck TT + Turl < 1.08 < 1.08 —0.1 |

'8 ACDM + ¥ + Ajens Planck TT + 7ap1 + lensing < 0.91 < 0.93 0.0
9 ACDM + ¥ + Ajens Planck TT + 7ar1 + BAO < 0.45 < 0.46 0.2
10 ACDM + X + Ajens Planck TT, TE,EE + THrI < 1.04 < 1.03 0.0
11 ACDM + X + Ajens Planck TT, TE,EE + Tur1 + lensing < 0.89 < 0.89 0.1
12 ACDM + X + Ajens Planck TT, TE,EE + mar1 + BAO < 0.31 < 0.32 0.3
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Constraint on 2

We take the constraint from different cosmological observations

TABLE II: Results of the global 3v analysis of cosmological data within the standard ACDM + X and extended ACDM + ¥ + Ajens
models. The datasets refer to various combinations of the Planck power angular CMB temperature power spectrum (TT) plus polarization
power spectra (TE, EE), reionization optical depth mg1, lensing potential power spectrum (lensing), and BAO measurements. For each
of the 12 cases we report the 20 upper bounds on ¥ = m1 + ma + m3 for NO and IO, together with the Ax? difference between the two
mass orderings (with one digit after decimal point). For any X, the masses m; are taken to obey the dm? and Am? constraints coming

from oscillation data. See the text for more details.

# Model Cosmological data set ¥/eV (20), NO Y./eV (20), 10 AXio_NO
1 ACDM + X Planck TT + 7 72 < 0.80 0.7
2 ACDM + X Planck TT + 4 < 0.63 0.2
3 ACDM + X Planck TT + 1 < 0.23 1.2
4 ACDM + X Planck TT,T 4 < 0.48 0.6
5 ACDM + X Planck TT, TE; 5 < 0.47 0.3

[ ACDM + % Planck TT, TE, EE + THrI + BAO < 0.13 < 0.20 1.6 |

7 ACDM + 2 + Ajens Planck TT + Tip1 < 1.08 < 1.08 —0.1
8 ACDM + X + Ajens Planck TT + mur1 + lensing < 0.91 < 0.93 0.0
9 ACDM + X + Ajens Planck TT + muar1 + BAO < 0.45 < 0.46 0.2
10 ACDM + ¥ + Ajens Planck TT,TE,EE + 7TarI < 1.04 < 1.03 0.0
11 ACDM + X + Ajens Planck TT, TE,EE + Tur1 + lensing < 0.89 < 0.89 0.1
12 ACDM + X + Ajens Planck TT, TE,EE + mar1 + BAO < 0.31 < 0.32 0.3
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Constraints on 2

Free parameters in conservative approach:

Qby Qcm, T, AS, nSy Z, Alens

Free parameters in aggressive approach:

Qb, Qcm, T, As, ns, Z
(Alens — 1)
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