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Objectives
The objectives of this line include aspects of instrumentation, computation and methodologies of analysis and scientific
exploitation of data from ground-based and space-based gravitational wave experiments, as well as the combination with data
from telescopes at different frequencies of the electromagnetic spectrum and neutrino telescopes (multi-messenger
astrophysics).

The Autonomous Communities involved are Catalonia (CAT), Valencia (CV) and the Balearic Islands (IB)
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• The groups involved are aiming for leadership in their participation in LIGO-Virgo-KAGRA, ESA's LISA mission and the
Einstein Telescope (ET) observatory, included in the European ESFRI-2021 roadmap.

• The groups are embarking on the development of advanced computing techniques for simulations and data mining, including
artificial intelligence aspects; on the development and optimization of Advanced LIGO (aLIGO) and Advanced Virgo (AdV)
data processing and data flow; and on the definition of the future data processing and management system and distribution
of ET alerts.

• In parallel, new instrumentation technologies are being developed for the AdV, ET and LISA interferometers.

ICE (CSIC) 
ICC-UB
IFAE

UV UIB
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Contributions and synergies
• CAT, CV and IB share interests in areas related to the participation in the commissioning and observations of LIGO-

Virgo-KAGRA, and in the characterization, analysis and scientific exploitation of the data from the detector network.
Synergies have also been identified in areas related to the development of advanced computational techniques and
artificial intelligence.

• CAT, CV and IB participate in activities of the Observational Science Board and Instrument Science Board of ET.
• CV and IB are involved in searches for electromagnetic counterparts of gravitational signals.
• CV and IB develop advanced computing techniques for numerical simulations and machine learning and data mining.
• CAT and IB are involved in the definition of the data processing and management system and distribution of ET

alerts; studies in cosmology, search for dark matter and tests of general relativity using gravitational waves.
• CAT contributes to instrumentation, including the development of:

• instrumented deflectors with silicon sensors in ultra-vacuum for AdV and ET main mirrors,
• high precision temperature and metrology sensors, including optical frequency combs, for LISA, ET and

ELGAR.
• CV participates in the acquisition of new pumping stations for AdV's vacuum tubes.
• CV and IB develop R&D activities in computational astrophysics focused on the numerical modeling of various

waveforms.
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Cataluña
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ICE contribution to LIA3 

The main objectives of the Institute of Space Sciences (ICE, CSIC) contribution to LIA3 are:

1. Development of the LISA SDS
○ The Gravitational Astronomy group at the leads the Spanish contribution to the LISA. This contribution is the

Scientific Diagnostics Subsystem (SDS), one of the three main payload subsystems.
○ The SDS is the set of precision temperature sensors, magnetometers and radiation monitors monitoring the

environment of the LISA constellation.
○ LISA (and SDS) successfully passed the Mission Adoption milestone (Jan. 2024). Currently undergoing

phase B1, next milestone for SDS is PDR (Q2 2025).

2. Development of opto-mechanical precision measurement techniques
○ Opto-mechanical resonators are used in a wide variety of fields to achieve
○ Our group is pushing forward a research line to develop high precision metrology techniques in the framework

of GW detection
○ In this context, we are developing an opto-mechanical based temperature sensor to reach ground-breaking

sensitivity, reaching the fundamental thermal noise limit of the sensor itself and achieving 50 nK/sqrt(Hz) in
the millihertz band.

○ First milestone of purchasing, implementing and characterisation of the optical setup is already done. Next
step is moving to vacuum operations and low frequency performance.

Universidad de Zaragoza, 6 de Junio de 2024
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ICE contribution to LIA3 

Personnel: Currently two people hired through LIA3 funding:
○ Dr. D. Roma – Elec. Engineer, SDS system engineer 
○ Ivan Martín – PhD student, LISA data analysis

Equipment: Funding (200k€) dedicated to: 
1. Development the LISA SDS

○ Acquisition of magnetic shielding unit and degaussing unit –
done 

○ Acquisition of impedance analyser – done 
○ Temperature control subsystem – purchase on-going

2. Development of novel precision 
○ Vacuum chamber and isolation structure – assembly on-going
○ Acquisition of opto-mechanical resonators – done 
○ Acquisition of optical elements and optical equipment – done 

Rendered sketch of the vacuum 
chamber, coupling boards, thermal 
shields and WGMR/prism mounts

Assembly work at the ICE clean room
Universidad de Zaragoza, 6 de Junio de 2024
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ICCUB contributions to GW experiments

● ICCUB (Institut de Ciències del Cosmos, 
Universitat de Barcelona)

● LIA3 budget for ICCUB: 470k€

○ 100k€ reserved for Virgo fees

● Personnel involved: 9

○ 5 part-time seniors, as supervisors

○ 1 post-doc (P. Barneo), hired Feb’24

○ 1 PhD researcher (G. Skorobogatov), hired Aug’23

○ 1 non-PhD researcher (J. Trenado), hired Oct’23

○ 1 engineer / pre-doc (P. Jasal), hired Jan’24

● Investment: 4 part-time seniors

● Objectives:
○ Transfer the know-how of the ICCUB Technology Unit to ongoing 

and future GW projects
○ Better usage and monitoring of LVK computing resources
○ Improve sensitivity and accuracy of O4 and O5 LVK runs
○ Bootstrap the computational and data analysis approaches for ET 

and LISA
● Tasks and activities:

○ Computing and software engineering (LVK, ET, LISA)
○ Data analysis - denoising techniques (LVK)
○ Data analysis - GW templates (LVK, ET)
○ Data analysis - GlobalFit pipeline (LISA)
○ Space instrumentation - LISA radiation monitor (LIA2 engineer 

supporting LIA3 developments)
● Milestones:

○ Q3’24: PoC of better data formats and processing for Virgo in HPC 
environments

○ Q2’25: First computing and data model for ET
○ Q3’25: First design of DDPC-Barcelona hardware+software for LISA

● Main collaborations:
○ Univ. Valencia (coordinated project, national grant), mainly for 

Virgo/LVK
○ PIC, for ET
○ ICE/CSIC, for LISA
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ICCUB Contributions to Virgo (and LVK in general)
● PPCC-funded personnel: 2 FTE/year
● Activities on data analysis, computing and outreach

● Tasks done:
○ Analysis of glitches in the GW strain data from LVK, creation of a glitch templates bank, and implementation of a glitch removal algorithm 

(instead of vetoing).
○ Revision of the irROF denoising algorithm and its integration in the cWB pipeline.
○ Support O4a LVK analysis of GRBs using the X-pipeline.
○ Improvements in the generation of high-eccentricity GW templates for LVK and ET by means of TEOBResumS-Dali model calibrations using 

NR-based simulations from massive Einstein Toolkit runs at the BSC.
○ Contributions to updates in the Identity and Access Management (IAM) services in LVK (migration to SciToken).
○ Improvements in the usage and centralised monitoring of LVK computing resources with HTCondor, including ElasticSearch and resolving 

Conda, Rucio and CVMFS issues.
○ Setup of a small HTCondor computing service at the ICCUB for local tests and small runs.
○ Outreach activities collaborating with the Virgo visibility project and the science summary review team.

● Future activities:
○ Analysis of all O3 and O4a data from LVK to identify new glitches and build a glitch database.
○ Optimization and improvement of the irROF denoising algorithm and of its integration in the cWB pipeline; analysis of O3 and O4 data to evaluate 

the improvement achieved in sensitivity.
○ Support O4a LVK routine data analysis.
○ Study more efficient data handling and distribution options for LVK O5+, including alternative data formats (such as HDF5) and compression 

algorithms.
○ Study the use of HPC environments for LVK data analysis.
○ Support to ICCUB scientists and engineers working on GW data analysis, including the use of Docker, Kubernetes, Conda and HTCondor.
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ICCUB Contributions to ET
● PPCC-funded personnel: 1.2 FTE/year
● Activities on computing, software engineering and data analysis
● Tasks done:

○ Test data access on ESCAPE data lake using Rucio.
○ Tests of Stochastic pipeline (PyGWB-based workflows) on ET mock data using Rucio data lake and REANA at the 

VRE/ESCAPE infrastructure, implementing WF definitions with CWL, Yadage and Snakemake, creating guides on how to run them 
on REANA.

○ Interface prototyping of Rucio extension for JupyterLab, adding functionality to filter datasets by metadata. Prototype implemented 
with Typescript and React.

○ Preparation for PyCBC-based workflow benchmarking on GPUs with HEPiX Benchmarking WG.
○ Improvements in the generation of high-eccentricity GW templates for LVK and ET by means of TEOBResumS-Dali model 

calibrations using NR-based simulations from massive Einstein Toolkit runs at the BSC.

● Future activities:
○ Work on ET e-Infrastructure Board (eIB) WP1: Development of a tool to translate HTCondor to Yadage, Snakemake workflow 

language.
○ Validate correctness of CWL-based workflows on REANA.
○ Incorporate the interface prototype into the Rucio JupyterLab extension.
○ Create and submit PyCBC-based workflow to HEPiX repository.
○ Web form to submit workflows to REANA without users requiring knowledge of workflow-definition languages.
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ICCUB Contributions to LISA

● PPCC-funded personnel: 0.7 FTE/year
● Activities on computing, software engineering and hardware
● Tasks done:

○ Provide technical support to LISA GlobalFit implementation, rewriting the GBGPU library (to 
generate galactic binary waveforms) to JAX, simplifying its implementation and allowing it to run in 
Docker containers with GPU support.

○ Development of a radiation monitor for the LISA spacecrafts (LIA2 engineer partly supporting LIA3)

● Future activities:
○ Design of the hardware and software architecture of the Barcelona DDPC for LISA (Distributed Data 

Processing Center) to run a GlobalFit pipeline therein, identifying the optimal high-performance 
computing environment, the associated software framework and tools, and the necessary human 
resources to operate it.
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● IFAE@Virgo
○ IFAE Operations & Hardware 
○ Physics Analysis Program 

● IFAE @ ET
○ Contribution to ET design and R&D

● At IFAE PC had a strong impact in the GW activities
○ Personnel (Engineers, PhD students and Postdocs) 
○ Instrumentation (construction of new instrumented baffles)
○ Simulations for both Virgo and ET related to stray light control
○ R&D  efforts  at ET pathfinders
○ Catalysed our participation in  dedicated workshops related to ET 

Design and R&D 
● Most of the PC funds devoted to GWs have already been executed / 

compromised 

Universidad de Zaragoza, 6 de Junio de 2024
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Operations and Commissioning

IFAE took an energetic approach for the 
involvement in VIRGO operations since 2019

ITF commissioning /Noise hunting
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2021 + 2023 à 3+1 people @ EGO
• IMC baffle opera6ons
• ITF commissioning & h(t) calibra6on
• Magne6c Injec6ons

2024 —> 2 +1 people @ EGO 
• IMC baffle opera6ons
• ITF commissioning & h(t) calibra6on
• Magne6c Injec6ons

PC has been used to fund 
commissioning work  
and R&D and tests at EGO
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Instrumented baffle @ Virgo (2021 - now)

The installation of the first instrumented baffle 
in Virgo has demonstrated that the  active 
monitoring of the stray light at the core
optics of interferometers is feasible 

O. Ballester et al., CQG 39 (2022)  115011 

Instrumented baffle from IFAE @ Virgo
—> almost 3 years of stable operation 
with no degradation of cavity observed

Comparison with SIS 
simulations of IMC

Confirmed sensitivity to mirror 
maps 

Running 24/7 stable 
13

PC has been used to fund 
Engineers working on 
Virgo’s  new baffles

13



End Mirror Baffles

● New instrumented baffles being produced

○ 120 sensors distributed in 5 rings

○ New DAQ at 1kHz  / serial + wireless readout

○ Further Improvements on material  (starting from 316L super #10 polished)

○ Encapsulation of the FE electronics [no line of view between FE and mirror]

○ Further steps adopted in cleaning process (in house and also in industry)

○ Non-instrumented backside baffles produced and stored in coffins with N2

● Virgo is now planning for installing the instrumented baffles at the entrance of the main tower  
—> this will make the project independent of potential delays in Virgo large mirrors. 

Much bigger than IMC
(35 cm  à 80 cm)

80 cm 

PC is instrumental to complete 
the construction of the baffles
Both hardware and personnel
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Production readiness  
Decided to produce only one…. 

●Baffle mechanics is essentially ready

○ Final cleaning process taking place @ IFAE and in industry

○ Coffins for baffle preservation are being produced @ IFAE

○ Optical coating : Considering the possibility of Black-Nickel 

●Final version of PCBs are being produced 

○ Mounting Si-sensors @ IFAE

○ PCBs sent to CERN for extra cleaning 

○ In parallel we are concluding the UHV certification @ CERN

○ In parallel a separate campaign for UHV certification @ EGO

○ EMI scan in industry @ IFAE campus

●Final calibration campaign of photosensors is being launched

○ Sensor by sensor calibration in optical setup @ IFAE

●DAQ and Slow Control system is being finalised 
PC is instrumental to complete 
the construction of the baffles
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IFAE Physics Analysis @ LVK & ET papers 
●A rich physics program using LVK data including a number of short-author list Q1 paper  

[not listing here LVK papers with many authors]
• Stochastic GWs

●A. Romero et al., Phys. Rev. Lett. 126, 151301 (2021)
●A. Romero et al., Phys. Rev. Lett., vol. 128, 051301 (2022)

• Test of GR & Cosmology using GWs
●G. Caneva et al., arXiv:2309.05061, accepted in PRL.
●S. Mastrogiovanni et al., Annalen Phys. 536 (2024) 2, 2200180
●R. Gray et  al., JCAP 12 (2023) 023.
●S. Mastrogiovanni et al., Phys.Rev.D 108 (2023) 4, 042002

• Search for CBC events using AI
●A. Menendez et al., arXiv:2401.12912, accepted in QCG. 
●M. Andres-Carcasona et al., Mon. Not. Roy. Astron.Soc. 527 (2023) 2, 2887-2894
●A. Menéndez-Vázquez, et al., Phys. Rev. D 103, 062004 (2021).

• Search for Dark Matter and PBHs
●M. Andres-Carcasona et al., Phys.Rev.D 107 (2023) 8, 082003 
●M. Andrés-Carcasona et al., arXiv:2405.05732, submitted to PRD.
●G. Morras et al., Phys.Dark Univ. 42 (2023) 101285

●Also a number for Hardware and Simulations for both Virgo and ET
• M. Andres-Carcasona et al., Phys.Rev.D 107 (2023) 6, 062001 
• M. Andres-Carcasona et al., Phys.Rev.D 108 (2023) 10, 102001
• A. Macquet et al., Class.Quant.Grav. 40 (2023) 7, 077001
• O. Ballester et al., CQG 39 (2022)  115011 
• A. Romero-Rodríguez et al, 2021, Class. Quantum Grav. 38 045002
• A. Romero-Rodríguez et al., Galaxies 10, 86 (2022)

PC has been used to fund 
postdocs and PhD students 
working on GWs related aspects  16



ET & CE vacuum pipe design

On-going effort  led by CERN on the design of ET vacuum pipe
(1/3 of the total ET cost) —> Will deliver a TDR in 2 years

• Physics requirements
• Vacuum / Cryo Technology
• Civil Infra-structure
• Cost Reduction/Optimization
• Prototyping 

ETO is putting in place other agreements with CERN’s engineering 
department to assist with : civil engineering costing and review 
(ending 2026) ; safety;  project management tools..

MoU signed with CERN 2025

PC will cover partially 
the cost of baffling strategy
for the CERN prototype plus
related simulation work
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ET stray light simulations 

Running op)cal simula)ons to determine the 
best strategy for stray light mi)ga)on in ET
—> Desire to extend it to CE
—> Running common ET/CE mee7ngs

A joint effort with CERN on 
the very details of the vacuum pipe design 
and the baffling integraNon strategy, eventually including 
acNve monitoring inside the cavity
—> IFAE will build baffle prototypes

M. Andrés-Carcasona et al., Phys. Rev. D 108, 102001 (2023) 

PC covered the cost 
of simulations for 
baffling strategy
for the CERN prototype
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ETpathfinder(s)
A collaboration established with Etpathfinder @ Maastricht

• IFAE redesigned the cryo-shielding [paid by Nikhef]
• IFAE will contribute to its installation in 2024

• Pre-alignment & monitoring of the mirror surface at 80 - 290 K
• (instrumented baffle with sensors for l =  1550  nm )
à R&D on InGaAs photosensors with AR-coatings will start soon

Slide from Nikhef SAC Meeting

PC will cover partially 
the hardware cost at 
ETparthfinder
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Comunidad Valenciana
UV

Procurement and commissioning of new ultra-high vacuum 
ion pumps for the Advanced Virgo+ detector arms.
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Procurement and commissioning of new ultra-high vacuum ion pumps for 
the Advanced Virgo+ detector arms.

• It is intended to perform an intervention on the ultra-vacuum system of the Advanced Virgo+ 
detector, in order to reach the vacuum level proposed in the original design of the 
experiment, 2.5 10-9 mbar. Currently, the residual pressure along the two arms of the 
detector is about 5 10-9 mbar. 

• The objective will be achieved through the acquisition and installation of 10 new ion pumping 
stations. The current residual pressure level will be improved by a factor of almost 10. The 
new stations will provide a “noise” level about three times lower than the minimum of the 
Advanced Virgo+ sensitivity curve during O5 (from 2026 onwards).

• The implementation of the proposed objectives will be carried out in coordination with the 
group of Dr. Antonio Pasqualetti (European Gravitational Observatory, EGO, Advanced Virgo 
headquarters), head of the Advanced Virgo+ vacuum system.
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Procurement and commissioning of new ultra-high vacuum ion pumps for 
the Advanced Virgo+ detector arms

● The bidding process for the pumping stations has begun. Negotiated procedure without advertising 
and by exclusivity with the company Agilent.

[Agilent Technologies Italia S.p.A.Vacuum Products Division, Leini (Torino), Italia.]

● The features of the vacuum pumps and controllers supplied by Agilent are not available in any other 
ion pump or controller on the market. Standardization and complementarity with the current pumps 
installed at Advanced Virgo, supplied by Agilent.

● The new pump stations will be installed at Advanced Virgo during the next detector upgrade 
between the end of the O4 observing campaign (mid-2025) and the start of the O5 campaign

● VVG intends to participate in future upgrades of the Advanced Virgo detector equipment 
(Virgo_nEXT project). The continuity of the PC-ASFAE program would provide the possibility to 
continue developing cutting-edge research in the field of Gravitational Wave Astronomy.
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Islas Baleares
The main contributions of the 
Universitat de les Illes Balears (UIB) to LIA3 are:

Collaborations have been established among UIB and the other 
groups to have more impact on the LIGO-Virgo collaborations, 
LISA space mission and Einstein Telescope

• CBC waveform development – IMRPhenom
• Parameter estimation of special events; fast PE for LVK.
• Lead LISA work package on efficient waveform models

• Numerical Relativity for BBH – largest catalog of eccentric waveforms.
• Leading all-sky CW searchers for spinning neutron starts in isolated and  

binary systems based on Hough transform.
• Leading long transient searches for BNS merger remnants
• Lensing of GWs – preparing for first detection.
• GW Cosmology analysis of events
• Noise modelling: Line noise investigation and mitigation
• EPO efforts

UIB
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Baleares
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Baleares LIA3 ß à LIA8
● Numerical simulations of black hole mergers.
● Development and optimization of data analysis tools to perform searchers for gravitational wave signals.
● Contributed to many LIGO-Virgo-KAGRA publications derived from the third observing run O3.
● Parameter estimation for all LVK CBC GW events detected.
● Acceleration of blind continuous gravitational wave searches using GPUs,
● Launch of a Kaggle competition for the analysis of continuous gravitational signal data using artificial intelligence techniques:

https://www.kaggle.com/competitions/g2net-detecting-continuous-gravitational-waves
● Development of machine learning methods and new implementations of classical algorithms to obtain results with greater

robustness and efficiency with respect to previous implementations.

Software

● David Keitel maintainer of the continuous wave data analysis (“LALPulsar”) codes in the public open source LALSuite package [doi:10.7935/GT1W-FZ16]. 
● Anna Heffernan. Self-Force Regularisation Parameters Package (Mathematica).  DOI: https://doi.org/10.5281/zenodo.6282572
● Tenorio, Rodrigo; Modafferi, Luana M.; Keitel, David; Sintes, Alicia M. distromax. DOI: https://doi.org/10.5281/zenodo.5763765 A Python package to empirically estimate 

the loudest candidate from a gravitational-wave search.
● Ashton, Gregory; Keitel, David; Prix, Reinhard; Tenorio, Rodrigo, PyFstat. DOI: https://doi.org/10.5281/zenodo.3967045 A python package for gravitational wave analysis 

with the F-statistic.
● Alicia M. Sintes, S. Husa, D. Keitel, M. Colleoni, H. Estellés, C. García-Quirós, A. Ramos-Buades, R. Tenorio and others (contributors). LALSuite - LSC Algorithm Library 

Suite. DOI: https://doi.org/10.7935/GT1W-FZ16
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Observing runs:
Important detector improvements between O3 and O4• Higher laser power• Frequency-dependent squeezing• Noise reduction & duty cycle improvements• + Improvements to processing of data for use by searches

Not comprehensive! These are just some highlights.

26
https://observing.docs.ligo.org/plan/

O4 observing run: 

04a: May 24th 2023- January 
16th 2024
O4b:  April 10th 2024-
February 2025 

KAGRA delayed due to 7.6 
magnitude earthquake on Jan 
1, 2024

Universidad de Zaragoza, 6 de Junio de 2024
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LIGO Hanford H1

LIGO Livingston L1

Virgo V1
• Wide range of masses 
• most events: binary black holes
• redshifts up to ~0.8
• Spins: 

• Key signatures to discriminate BH 
populations: shed light on formation 
mechanism 

• Some events with clear indication of a net 
positive Xeff

Universidad de Zaragoza, 6 de Junio de 2024



O3 Exceptional Detections
GW190412: first observed BBH possessing unequal mass ratio

○ Masses: ~3, ~8 Msun
○ [Abbott et al. (LIGO/Virgo Coll.), Phys. Rev. D 102, 043015]

GW190814: the most asymmetric mass ratio merger ever observed
○ (m1/m2 = 9)
○ The secondary mass of 2.6 Msun lies in the lower ‘mass gap’ either the lightest BH or the heaviest NS 

ever observed
○ [Abbott et al (LIGO/Virgo Coll.), ApJL 896 L44]

GW190425: BNS merger of total mass of ~3.4 Msun
○ Significantly larger than any other known BNS system
○ [Abbott et al (LIGO/Virgo Coll.) ApJL 892 L3]

GW190521: BBH with component masses ~66 and 85 Msun
○ First observation of an intermediate mass BH (Mf > 100).
○ First observation of a BH in the (pulsational) pair instability upper mass gap 65 - 120 Msun .
○ Farthest source so far (z ~ 0.8)
○ [Abbott et al (LIGO/Virgo Coll.) Phys. Rev. Lett. 125, 101102]

GW200105-GW200115: 1st unambiguous detection of NSBH (2 events)
○ [Abbott et al (LIGO/Virgo/KAGRA Coll.) ApJL 915 L5]

28Universidad de Zaragoza, 6 de Junio de 2024
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LVK- O4: 
It's Been A Year!

29

1) Observing Run #4 (O4) started on May 24, 2023.
2) The LIGO Virgo KAGRA collaborations had our 100th 
O4 gravitational wave candidate a week ago on May 27th. 
(Named S240527en observed on Memorial Day). 
You can always follow along with O4 Public Alerts here: 
https://gracedb.ligo.org/superevents/public/O4/

--As of today, there have been 105 gravitational wave 
candidates (119 total, with 14 retracted). 
--Our first exceptional O4 gravitational wave detection 
(GW230529) was announced on April 5, 2024 (more info 
here: https://www.ligo.org/detections/GW230529.php).
--O4a went from May 24, 2023 to Jan 16, 2024.
--O4b started on April 12, 2024 and will tentatively end in 
early 2025.
--The O4 break + Engineering Run 16 (ER16) was from 
Jan 16 - April 12 this year.

https://gracedb.ligo.org/superevents/public/O4/?fbclid=IwZXh0bgNhZW0CMTAAAR1rU9ikLTD-lHqgSJdSjDka3_xyXrTnnSnx4GW3cNDqu3Ylorm-QwXPwi8_aem_ATJIdaVZ3nSyT41KYa4bA69rrkuJfm5QI6q8HpR4CDzWKU6IpXItXoO1dMLU51VfW9JQVTZxWEf0c5OAJQpukrOE
https://l.facebook.com/l.php?u=https%3A%2F%2Fwww.ligo.org%2Fdetections%2FGW230529.php%3Ffbclid%3DIwZXh0bgNhZW0CMTAAAR01pngWF9M-DfGAK2vvvx4c4cYyWA1BPtv0O5Euqa2mngG__qdZVBEExr8_aem_ATK7zXJEztC6PLY4NZprmtZYhoaR_FFJr14t8NImo3k4zkM3X8pOTMklJhMBWaqrYwdT6RSSqCB1A_p9iwg-AFvE&h=AT2eTZMpFgz0kdhGi-bo37_Muh4J1WK_eU4OOFN8Sb5NOOmN2okf7siGxW5tb_0tlxEsCqCRv3Tg58TvdzUghthB7HG_oB9qRnleCRYiky6dbxV7kgvi9JMmEmg4YVjQxWZ01bI&__tn__=-UK-y-R&c%5b0%5d=AT08voQmSvoEL8dyOr9sjdfkAZhcLo6S_fLWAzvxHMnVDX8SCvl3gEh0iGeplFPv1iWeZVK9RTDfTox_51SIkZx5ww4YLpOp3A2DnrJ1msbhxtJNPLnUIT63sh8YGUEJNSvw91AbaspwsPpkqiSZdV_gOPDXiwGqhjx5HpMZ2py6x6vQlMLkKBOkVWjJ38uEd0NkCTtOR2eaJwfhhCpPMXhw4Dlsy2G6GwuGdD2tWIIxNBRHrpAwdKke2pntcMk
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