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Introduction to GWs

e General relativity (GR) is the best available
theory of gravity

e |t describes the interaction between
massive bodies as an effect of the
curvature of spacetime

e |[n Einstein’s universe, objects moving freely YT

/}e

under the effects of gravity simply follow

geodesic paths dictated by the curvature of

spacetime.




Introduction to GWs - Einstein
equations




Introduction to GWs
- Einstein equations

Space-time curvature part Mass/energy distribution part




Derivation Gravitational waves

e \Weak field limit: Minkowski + perturbation

/2, | << L

o We can simplify E. Egs by assuming an appropriate gauge (Lorentz)

e Far away from any source of mass/energy (¥R’ ), E. eqs. are a 4D
wave equation with sols.:
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Derivation Gravitational waves

e These are the
hHY — Apvezk&:c

e Properties:

: B —
> Applying Lorentz gauge to E. egs.:




GW polarizations

e |Lorentz gauge + Transverse

Traceless (TT) gauge: leave only 2

degrees of freedom in huv

e For GWs propagating in the +z
direction

hx is the cross polarization of the GW




Generation of GWs

Any assymetrical body in
rotation will generate GWs

Amplitude of
GWs generated Amplitude of
by Compact ~ GWs generated
Binary by light bodies is
Coalescences not measurable
(CBCs) is yet

measurable




GW emission, quadrupole
formalism — example

e Objective: determine magnitude of the strain produced by a

binary system of objects with masses m1 and m2 in a circular
orbit with radius R

Assuming masses are ml = m2 =
1kg, D = 10° km (distance from
source to observer) and R=1m -

strain Is:




GW detection

e |n our detectors, Is defined as:

o AL: difference in length between
the two arms
o L: nominal length of an arm
e In Virgo (L = 3km ), to detect
we would need to be sensitive

to variations in length of:

—>




GW detection- p
LVK network . §

e International collaborations
of ground based detectors:
o LIGO
o Virgo
o KAGRA

e We just finished the fourth

observing run (O4)
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Sources of GWs

Modelled Unmodelled

Compact binary
coalescences (CBC)

Short duration
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Sources of GWs

Modelled
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Sources of GWs

Modelled Unmodelled
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Sources of GWs

Modelled

Unmodelled

Example Burst Gravitational Wave
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Sources of GWs
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Example Inspiral Gravitational Wave x 10" Example Burst Gravitational Wave
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Sources of GWs

Short duration

Long duration
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Example Inspiral Gravitational Wave
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Updates from the
fourth release of
the Gravitational
Wave Transient

Catalog (GWTC-4)




GWTC-4: Methods

e Search is carried out in 2 stages:
O analyses - EM follow-up
O analyses — more accuracy
e Two types of detection algorithms:

ipelines not relying on waveforms

ipelines relying on waveforms:

Gravitational —
waves

Gravitational-wave observatory

é%{:mm agnetic waves

LIGD Livingston

GEDE

G
egnany D;J

| -l
3
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e Search is carried out in 2 stages:
O analyses - EM follow-up
O analyses — more accuracy
e Two types of detection algorithms:
o Pipelines not relying on waveforms

o Pipelines relying on waveforms:

Strain (107
I

-E-E-3-X-

SR
SNBSS WO WS

GWTC-4: Methods

Hanford

Strain data




GWTC_ 4 : M et h Od s LVK Collaboration, arXiv:2508.18081 (2025)

__PyCBC search space |

500
X3 €(-0.05,0.05)

e Search is carried out in 2 stages: 3 € (~0.05, 0.05)
X% € (—0.997,0.997)
X5 € (—0.05, 0.05)

100 x; €(—0.997,0.997)
X5 €(—0.997,0.997)

O analyses - EM follow-up
O analyses — more accuracy
e Two types of detection algorithms:

o Pipelines not relying on waveforms
101

Secondary mass [Mg]

o Pipelines relying on waveforms:

1 2 10 100 500
Primary mass [Mg]

Template



https://arxiv.org/abs/2508.18081

e Search is carried out in 2 stages:
O analyses - EM follow-up
O analyses — more accuracy
e Two types of detection algorithms:
o Pipelines not relying on waveforms

o Pipelines relying on waveforms:

Strain (107
I

-E-E-3-X-

SR
SNBSS WO WS

GWTC-4: Methods

Hanford

PSD of
detector noise




T EMMES

e Coherent WaveBurst ( ): minimally

modelled sources — coincident excess power

events
e GStreamer LIGO Algorithm Library (

time-domain matched filtering pipeline

e Multi-Band Template Analysis ( ):

matched filtering pipeline

matched filtering pipeline

e Summed Paralell Infinite Impulse Response

(

): time-domain matched filtering pipeline

GWTC-4: Methods

Pipeline Online Offline
CWB Full Frames Full Frames
GSTLAL Full Frames Full Frames
MBTA Full Frames Analysis Ready
PYCBC Full Frames Analysis Ready
SPIIR Full Frames no offline analysis

LVVK Collaboration, arXiv:2508.18081 (2025)



https://arxiv.org/abs/2508.18081

GWTC_ 4 : M et h Od s LVK Collaboration, arXiv:2508.18081 (2025)

e Each pipeline assigns each candidate:

O . expected rate of non-astrophysical candidates produced with a rank (ranking
statistics) at least as high as the candidate under consideration
: probability that a candidate is of astrophysical origin rather than of terrestrial

(noise)

e Selection criteria has evolved, but now a candidate is selected if FAR < 1 /(2 days)

e Bayesian inference is performed on a 15D parameter space

M :_'H’_] { X off Xp Lh |f;|:|{']
| 2 b il il b LEHD R (D) (1.8 | | ( 1 (i (N, ch 1 .1 0. | 4 LI} )
i | | I I | | i | | I | i i | | 1 i | | 1 | I
GW230518.125908 - . - i A i
GW230529_181500- 1 _— ok ... A
GW230601 224134 - R =B e D

GW230605_065343 - & — 3 e e


https://arxiv.org/abs/2508.18081

GWTC-4: Catalog updates

O4a duration: 24/05/2024 at 3pm UTC - 16/01/2025 at 4pm UTC

Number of CBC candidates in O4a (detected by at least 1 pipeline):
o 2 of them

No confident multimenssenger counterpart

Total number of candidates in catalog: with
Candidates with FAR < 1/ year and p_astro >= 0.5 are of high-purity

LVK Collaboration, arXiv:2508.18082 (2025)
Candidate M M Ty g ¥ ofi LD, % M Yi Al SNHK
(M) [Mg) (M| (M) |Gpe] [Mg] (deg”]
GW230518_125908 9.61*0 75 28010 0% 8177003 145*01% 0,002 0247011 0.05%002 9.46%0 10 0.a8%00% 400 14.2%073
GW230529_181500 5.08%2%% 1.94709% 3.86%927 1.4270%° _—0.1070%2  0.2%0) 0.047003 4.02+097 0.5870-0% 24000 11.6%23
GW230601_224134 107 12 45,00 1.0 64 15 44713  -0.037937 S.173: 060700 10273: 067793 93300 12.37¢3
GW230605_065343 286139 11.9%10 172t%2 n1a*t3d o.06t0 30 1.1%0-% 0211020 27.3%%l 0.69%0-0F 1000 10.5%94%



https://arxiv.org/abs/2508.18082

GWTC-4: Catalog updates

e |nteresting findings:

o Some signhals detected with . The one with highest

GW230814_230901
o Most massive signal: GW231123 135430 (source frame total mass: )

LVK Collaboration, arXiv:2508.18082 (2025)

Candicdate M A "ty Mg X afi S 2 M Xi Afl SNR
[Ma] [Ma] (M) (M) Gpc] [Mga] [deg™]
- LT a9 d ¥ e | Lr, L& LI LA | LE. LPLR L P ]
GW230814.061920 11025 45.5t1L°  e9*l?  aztlT 0057020 4.0t34 0658042 1052 069017 5200 9.4%03
( GW230814 230001 61.8°3Y 26.7'00 336735 283%%) 0.01*0-%¢  o28th it oo6thtt ssetit oesf00t 26000 42700 )
GW230819_171910 10675,  427,) 70T 35750  —0.04To 3 4.0T;5 0.65T.5, 10273, 068470 4800 B.9T.G
L . N PR S o cmkm NS . . ke S0 L = = alell. N M S o el H. LM P | PSR - = nad]l.
GW231119 075248 82+30  34.4* 250 4933 3a*is  —0.002t03Y 67733 0.09%0%2  79*It  pestRl. 5900  7.7103
( ow2snzaiasaso 236+ 101t12 137t 0t ® 0.3102 22420 39%938 299437  gq+007 1700 20.792 )

GW231127_165300 74737 305757 45t 29% 12 006755  45r3% omtyis Tt 0.69%07 4400 83705 23


https://arxiv.org/abs/2508.18082

GWTC-4: CBC population
updates

e To update the CBC pops properties:

LVK Collaboration, arXiv:2508.18083 (2025)

supported by EM observations

candidates have been used (FAR < 1
o However, a

/ year) between NSs and BHs is

e Merger rates: ,
o We cannot rule out existence of very

° BBH: 14 - @fif €] Tt narrow gaps
NN 76250 Gpe 3 yr—1 e Existence of an

. solar masses: consistent with
SNER9.1-84 Gpe™ ™ yr ! theorized pair instability mass gap



https://arxiv.org/abs/2508.18083

GWTC-4: BBH population
properties — mass ratio

e Mass ratio distribution can be described by a

10? -
1.2 ] === B-SPLINE, GWTC-4.0
. . —_— . ] === BROKEN POWER LAW + 2 PEAKS, GWTC-4.0
power IaW Wlth an |ndeX Bq T 1.2_1-0 — : 1 -=--- PowgRr Law 4+ PEAK, GWTC-3.0
T 10° 1
. . -
e BHs with masses ~ 35 Msol preferentially e
lf.}
. C_% 10! -
merge with BHs of = mass (favoured by most =
° E.- U
formation channels) & 10°:
e BHs with masses ~ 10 Msol preferentially 10-1 |/ | | ,
0.0 0.2 0.4 0.6 0.8 1.0
merge with lighter BHs 1

LVVK Collaboration, arXiv:2508.18083 (2025)

18
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LVK Collaboration,

GWTC-4: BBH population =

B-Spline, GWTC-4.0

- n - S T = == Default, GWTC-3.0
ro e r I es s I n 25 1 H"‘u\ Gaussian Component
B ™ Spins, GWTC-4.0

e Spin magnitude distribution has support at O

e At least one binary has spin >0

e Spin tilt distribution may peak away from

perfect alignment with the orbital angular 0.0 0.2 0.4 0.6 0.8 1.0

momentum (between 20-40% has spins more

Skewnormal Effective Spin,
GWTC-4.0

Gaussian Effective Spins,
GWTC-3.0

than 90 degrees misaligned with the orbital .

angular momentum) 2

e The effective spin distribution is
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GWTC-4: BBH population
properties — merger rate

| —— Star Formation (Arbitrary Norm)
BBH merger 103 - Power LAw REDSHIFT, GWTC-3.0
rateatz=0.2 is | —— Powegr Law REDSHIFT, GWTC-4.0

| —— B-SPLINE, GWTC-4.0

T ———

29752 Gpc~3 yr—?

BBH merger rate
evolution as a function of
Z consistent with star
formation rate density

R(2) [Gpe™ yr~]
2

10" -
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

LVK Collaboration, arXiv:2508.18083 (2025) P40
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GWTC-4: BBH population

properties — mass

Global peak at ~10 Msol (predicted by

LVK Collaboration, arXiv:2508.18083 (2025)

idolated binary evolution models)

—— B-SPLINE, GWTC-4.0
{\ Possible bump —— DBRrROKEN POWER Law 4+ 2 PEAKS, GWTC-4.0
around ~ 20 Msol Power Law + PEak, GWT(C-3.0

! \ Feature at ~ 35 Msol < B

é | Power law with spectral

" e Possible bump : .

H : - around ~ 60 Msol index ~4.5

Power law with spectral
index ~ 1.7 _

0 10 20 511 40 o) Gl 70 Al G0

mq [Mg]
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GWTC-4: BBH population

LVK Collaboration, arXiv:2508.18083 (2025)

properties - mass

— GWTC-4.0
— GWTC-3.0

]

3
] -~
]_[] | o
1 &
] &

-
=

R
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-
=
rrrrr

L

i Improved constraints across the full mass ™

dR/dm; [Gpe™ yr ' Mg
=
|

———————

. spectrum with respect to GWTC-3
1073 b . , , _ o,
10 20 40 60

my [Mg]

100
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01-0O4a LVK

results on the
search for an

Isotropic GWB




Gravitational wave background

Superposition of random GW signals produced by a large number of
weak, independent and unresolved sources

5
4

- |
‘ /
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Rotﬁﬁiné NS




GWB characterization

o Statistically:
probability
distribution or
moments

Assumptions

e |sotropic

o Stationary
Large number of e Unpolarized

iIndependent sources: ) ,
] . e Gaussian -
GWB IS GaUSS|an Right ascension [hours]

Declination [degree]

- > /2 1 A Al
(hab(rs JC)), (hab(ta x)hcd(f y X )) (hA(fa ﬁ)hi;(ff, ﬁf)) — 1677 Sh (f)fs(f - ff)‘SAA"‘SZ(ns n )




GWB characterization

Fractional energy density
spectrum in GWs

Astrometry
BBN

current PTA

— ka ’ kab ’ _
327rG< b (2, X)h° (1,X)) \\ _ N f
- LiteBIRD

10" 106 01
f [Hz]

ARR, and S. Kuroyanagi. 2024. Primordial Black Holes. Chap. 27.
Springer (link). Arxiv:_https://doi.org/10.48550/arXiv.2407.00205. 29



https://link.springer.com/book/10.1007/978-981-97-8887-3
https://doi.org/10.48550/arXiv.2407.00205
https://doi.org/10.48550/arXiv.2407.00205

LVK search for an isotropic GWB

Frequentist
Hybrid search <
SEVESER

6, : :
10 = alIGO 01402 | /
‘

.
h-
-_-'---_

Indirect Limits

10
10710 Cosmic
= Strings
9
TR
1074
: i Efc:wﬂn!l_lnﬂatim
10716 ' | /o |
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Frequency (Hz)



LVK search for an isotropic GWB

Cross correlation search

s1(2) =n1(2) + h1(2),
s2(t) =na(t) + ha(7) .

(51(f)s2(/"))




LVK search for an isotropic GWB

Cross correlation search

s1(2) =n1(2) + h1(2),
s2(t) =na(t) + ha(7) .

)

sa(f"))
(n; (f)h;(f)) =0
(i (f)n;(f")) = &




LVK search for an isotropic GWB

Cross correlation estimator
and variance

_ 2 Re|57(f)3s(f)]
T ~v15(f)So(f)

CM(f)

1 P(f)P;s(f
1N~ 585 3, (D5)




LVK search for an isotropic GWB

Cross correlation spectrum
(frequentist analysis)




LVK search for an isotropic GWB

Cross correlation spectrum
(frequentist analysis)

_ 2 Re|57(f)3(f)]
V1. (f)So(f) T : observation time

Ct(f)

1 Pi(f)P;(f
2TAf vi;(£)S5(f)

J%J(f) ~




LVK search for an isotropic GWB

Cross correlation spectrum
(frequentist analysis)

Overlap reduction function (ORF)

0.2-
0.0+
-0.2-
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Frequency (Hz)




LVK search for an isotropic GWB

Noise power spectra

Cross correlation spectrum 10-20 [ Virgo

(frequentist analysis) 1M Hanford
) (. Livingston

2R BT

T ~v15(f)So(f) ~ J '
g1y w ! 'I

100 1000
Frequency (Hz)
B. P. Abbott et al. (LVK), Phys. Rev. Lett. 119, 141101 31




LVK search for an isotropic GWB

Signal to noise ratio

VT ([ 4 QoD (D v
2 \J=so " IfIPL(IfDP2(I 1)




LVK search for an isotropic GWB

Signal to noise ratio

SNR 2y f md
o102 | S /
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See text
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LVK search for an isotropic GWB

I

+ I Virgo

. . . B Hanford
Signal to noise ratio ) @ Livingston

\ MM il

3HANT (£Dy% (F])
SNR— W 12 '
1072 (f f 1(|f|)P2(|f|) k

o L P,

100 1000
Frequency (Hz)




LVK search for an isotropic GWB

I

+ I Virgo

. . . B Hanford
Signal to noise ratio ) @ Livingston

\ MM il

3HANT Qéw (L Dy, (LFD)
SR = 1072 (f i

F1°C1 (1 FDP2(1f]) | N

o L P,

100 1000
Frequency (Hz)




LVK search for an isotropic GWB

o (L)
QGW(f) = Qaf (fref)

Signal to noise ratio

e o =0 :inflation, cosmic strings
e o =2/3:inspiral phase of CBCs
e o = 3:supernovae

2 T ) e fref = 25 Hz
SNR—3ﬁ)ﬂ2 ( f of i) 12(|f|)) e

I FI8PL(|f1)P2(] 1)




LVK search for an isotropic GWB

Gaussian likelihood




LVK search for an isotropic GWB

Gaussian likelihood

Frequentist results




LVK search for an isotropic GWB

Gaussian likelihood

Frequentist versus Bayesian
analyses: Cross-correlation as an
approximate sufficient statistic for
LIGO-Virgo stochastic background
searches

AM and JR, Phys. Rev. D 103, 062003



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.062003

LVK search for an isotropic GWB

Gaussian likelihood

Model assumed to describe

the GWB
:
Astrometry
BBN /
;;Cnsmié‘strings
current PTA . '
, LISA,  .C
',/ Phase v ,
\ CMB Y transition \ ;
N S
- LiteBIRD / \ R? inflation
10~ 106 0.1
f [Hz]

ARR, and S. Kuroyanagi. 2024. Primordial Black Holes. Chap. 27.
Springer (link). Arxiv:_https://doi.org/10.48550/arXiv.2407.00205.



https://link.springer.com/book/10.1007/978-981-97-8887-3
https://doi.org/10.48550/arXiv.2407.00205
https://doi.org/10.48550/arXiv.2407.00205

Current LVK results

e H1, L1 data from O1-0O4a
e Total coincident time ~

126.57 days — 108.41 days
of viable data after DQ cuts

e Frequency range of analysis:

20-1726Hz

e Pipeline: pygwb (A. R. et al
2023 ApJ 952 25)

x 10) 5 % 10 ii_

2.01

D1 — CMn
ler CL O1 = Ouda
ler CL Oda

._
&

um

1.01

(.5

‘ 1 Iu.\ “il
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-=1.0

-1.5

Power law t (}01—04a /109

0 25 . —1.3+47
2/3 . 6+4. . ~1.2+3.5

3 . : . : —0.3 £ 0.6
LVK Collaboration, arXiv:2508.20721 (2025)


https://arxiv.org/abs/2508.20721
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Current LVK results
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LVK Collaboration, arXiv:2508.20721 (2025)


https://arxiv.org/abs/2508.20721

Cu rrent LVK results — e
Bayesian |
Qaw (f) = Qo Fo(f), F(f) = (25fHZ)“ L

Upper limits at 25% CL

Log-uniform prior
v 01-04a 01-03 |Improvement
0 2.8 x 1077 | 5.8 x 10~ 2.1

2/3 20x1077 3.4 x 1077 0T

3 3.2 x 10719]3.9 x 1019 1.2
Marginalized 2.9 x 10? | 6.6 x 10~° 2.3

LVK Collaboration, arXiv:2508.20721 (2025)
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Current LVK results -

Bayesian

Qow($) = 0Fall),  Falh) = (35)

Upper limits at 25% CL

Log-uniform prior
v 01-04a 01-03 |Improvement

0 2.8 x 1077 | 5.8 x 10~ 2.1

2/3 2.0x 1077 (3.4 x 107° 1.7

3 3.2 x 10719]3.9 x 1019 1.2
Marginalized 2.9 x 10? | 6.6 x 10~° 2.3

LVK Collaboration, arXiv:2508.20721 (2025)

10~84x

Uniform

GGaussian

12,01

1.04

03/04a

| 1.5 9

01-03 UL
01-Oda UL



https://arxiv.org/abs/2508.20721

Current LVK results -
constraints on non—-GR pols

e Signal may include vector, scalar
and tensor polarizations

e No evidence for such a signal —»
ULs

e Model: mixed background




Current LVK results -
constraints on non—-GR pols

e Signal may include vector, scalar e ULs at 95% CL:
and tensor polarizations Polarization Improvement
e No evidence for such a signal - L ~ 2.5

Vector ~ 2.7
U LS Scalar ~ 2.8

e Model: mixed background e Signal versus noise Bayes factor:
log,o B = —0.87 + 0.01

e Non-GR vs GR Bayes factor:

log,, B = -0.44+0.03
LVK Collaboration, arXiv:2508.20721 (2025)



https://arxiv.org/abs/2508.20721

Current LVK results -
magnetic budget

e Correlated magnetic noise:

o Electronic mains
o Synchronisation to GPS

o Schumann resonances




Current LVK results -
magnetic budget

e Correlated magnetic noise:

o Electronic mains
o Synchronisation to GPS

o Schumann resonances




Current LVK results -

magnetic budget




Current LVK results -
magnetic budget

2|Tf(f||TJ |\/Z (5 o (1)ss(F)

Y17 (f)So(f)

e ml,a(f ): FTed magnetic data from
the magnetic data of detector |




Current LVK results -

magnetic budget

.|TJ NN RGN,

Y15(f)So(f)

e ml,a(f ): FTed magnetic data from
the magnetic data of detector |

e Tl (f ): magnetic coupling function of
detector |




Current LVK results -
magnetic budget

[ 10! l
4 20 — it
& ) ITI(f)l ITJ’(f)l \/Eab Iﬁl}r,a(f)ﬁlib( )|2 6| — (S){jla budget
Qmag, IJ(f) — T '}’IJ(f)SD(f) C—O4a (2@)
e ml,a(f ): FTed magnetic data from 107" Mgk e
the magnetic data of detector | - L
e TI(f ): magnetic coupling function of ﬁgﬁuemy Hy 1

detector |
LVK Collaboration, arXiv:2508.20721 (2025)
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LVK results - astrophysical
implications

. 315H N NSBH
B DBNS

B Total GWB
——  Median GWB
— (J1-Oda (20)

05 target (2o0) |

LVK Collaboration, arXiv:2508.20721 (2025)



https://arxiv.org/abs/2508.20721

LVK results - astrophysical
implications

BN BBH W NSBH V
B [BNS 10-%4%

1071

Qowl(f)

1071 B Total GWB
——  Median GWB
— (J1-OMda (20)

| I 05 target (20) |

10!

LVK Collaboration, arXiv:2508.20721 (2025)
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Detectable

LVK results - astrophysical " ;"
implications

BN BBH W NSBH V
B [BNS 10-%4%

1071

Qowl(f)

1071 B Total GWB
——  Median GWB
— (J1-OMda (20)

| I 05 target (20) |

10!

LVK Collaboration, arXiv:2508.20721 (2025)



https://arxiv.org/abs/2508.20721

Estimation of the CBC
merger rate

Present-day merger rate is

inferred to be:
e BBH: @t} 4+ Gpc

N 617 52° Gpe ™
e NSBH: 30+ Gpc



https://arxiv.org/abs/2508.20721

e GWTC-4 and CBCpopulation properties:
o 128 new CBC candidates (218 in total)
o Some with SNR > 30
o Mass distribution is the same as in O3 though

better constrained
o Merger rate evolution with z is consistent with
star formation rate density
e |sotropic GWB search
o No evidence for a signal - UL on the energy

density: improvement ~ x2

o No correlated magnetic noise

o Possible detectable astrophysical foreground
with A + sensitivity




BACKUP



GW emission, quadrupole
formalism




GW emission, quadrupole
formalism

e Given a source at

e A solution to E. egs is given by

a 4
huy(t,n) =

D,

d*zT,, (t — D,x)




GW emission, quadrupole
formalism e




GW emission, quadrupole
formalism N




GW emission, quadrupole
formalism I
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LVK search for an isotropic GWB

Cross correlation spectrum
(frequentist analysis)




Sensitivity of V1 for it to be

=ame |

Q4db only

O4a+04b

same | same PSDs

T, =27, .. Same PSDs
Vo™ 21 s

T =37, ..

a=0

1.0058H642%
(0.6%)

1.00715552
(0.7%)

100337366
(0.3%)

1.068.2549498
(6.8%)

1.13241281
(13%)

1.01169451
(1.2%0)

1.01749136
(1.7%)

useful for stochastic sea

a=2/3

L.ODBGZZ08
(0.9%)

1.01046269
(1%)

100493719
(0.5%)

1.09307502
(9.3%)

1.178824
(18%)

1.01717109
(1.7%)

1.02564883
(2.6%)

0=

105483612

I::_I :

1.0659603
(6.5%)

1.03156565
(3.2%)

1.538/3241

(H4%0)

1.93271696
(93%)

1.10695912
(11%0)

1.15673581
(16%0)
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