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1 RATIONAL OF THE PROJECT 

 
The scope of WP7-6X1 is to provide support to the activities planned for COSMOS, for topics related to 
astroparticle and fundamental physics. In particular, we aim at providing forecasts and tests useful to the 
definition of the expected roadmap to be released by the COSMOS project, as well as delivering analysis 
tools and codes 

 
2 RESULTS EXPECTED AFTER SIX MONTHS FROM THE KO-MEETING 

The expected activities within six months of the KO meeting were: Set up the structure of the WP, issue a 
detailed plan of activities, review of theoretical models, assessing relevant parameters,  

 
3 RESULTS OBTAINED AFTER SIX MONTH FROM THE KO-MEETING 
 
The activities have concentrated, as planned, on setting up the structure of the WP and carrying out a review 
of the current scenario for the topics relevant to WP-76X1, defined the models and their parameter and plan 
the consequent activities. To ease the development of activities, the WP has been divided in several tasks , 
according to the Break Down Structure schematically reported in the following figure Figure 1. 
 

 
Figure 1 Breakdown structure for WP 7-6X1, including links to other main relevant WP of the COSMOS project 

 
We describe hereafter in more detail the title and purpose of the several tasks 
 
3.1 Task 7-6X1.1: CMB Anomalies 

 
Purpose: Provide review activity and support for the study of CMB anomalies at large angular scales in 
temperature and polarization. 
Leader: Alessandro Gruppuso (INAF IASF Bologna) 
Status:  Review of relevant literature carried out. We set forth a classification of anomalies for the 
purpose of the present study and provided draft text for the COSMOS Roadmap study. At large angular 
scale of the temperature CMB pattern shows less power w.r.t. what expected in the ΛCDM scenario. The 
significance is around 2.5-3σ CL. Of course this might be a statistical fluke. If not, there are two reasons 
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to consider seriously this anomaly since it is not natural to ascribe this effect to  foreground emissions 
not fully removed (any residuals should increase rather than reduce the power since they are not 
expected to correlated with the CMB), nor to instrumental systematics (two independent experiments 
(WMAP and Planck) observe the same features with similar significance). Moreover, the significance of 
this anomaly gets stronger when the Galactic mask is increased. This is really a remarkable fact since 
the exclusion of regions close to the Galactic plane is in principle a very conservative choice. Constraints 
on string inspired models for the CMB power anomaly are in progress. In particular, we studied the 
variance of the CMB field in harmonic space from Planck data, for the standard sky coverage suggested 
by the Planck team and for several blind extensions of it, from 6 to 36 degrees. Results confirm (see Fig. 
2) that regions away from the Galactic plane tend to be more anomalous, while the “complementary” 
mask, defined as the region contained between the standard and extend mask never appears 
anomalous [1].  
 

 
 

Figure 2  power anomaly (given as lower tail probability) for the variance  of the CMB Planck field, for the standard masks and 
several extensions. Regions far away for the Galactic plane appear more anomolous. The dashed lines refer to the complementary 
masks 

Finally, we explored the connections between this activities and those in WP 8-6X1, lead by Nicola 
Bartolo, to lay down a schedule for joint interactions (in progress) 

3.2 Task 7-6X1.2: Neutrino Cosmology 

 
Purpose: Derive constraints and forecasts for the relevant neutrino properties, as they can be carried 
out using the CMB and other cosmological datasets  
Leader: Massimiliano Lattanzi (INFN Ferrara)  
Status: We carried out a review of existing literature and defined the main models and contexts we will 
focus in the reminder of this study. We provided support for the definition of the COSMOS roadmap. We 
derived constraints, using Planck legacy data, on secret neutrino interactions beyond the standard 
model [2-3]. These studies are motivated by the results of SBL reactors, which provide mild evidence for 
the existence of a light (~ eV) sterile neutrino. Assuming a Fermi like secret (i.e. non standard weak) 
interaction, the hypothesis can be probed using available cosmological data. Results (see Figure 3) 
indicate that the scenario is highly disfavored by Planck and BAO data. 
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Figure 3 Joint poesterior probability for the strength of the secret interaction and the mass of the sterile neutrino. 
The green/gray bands are mass ranges allowed by the SBL data, while blue and red constraints are for CMB and 
CMB+BAO, respectively. 

 
Finally, we started to define the common activities with WP-96X2, with Carlo Baccigalupi, which deals 
with lensed B modes.  

3.3 Task 7-6X1.3: Parity symmetry  
 

Purpose: Provide constraints and forecasts for fundamental symmetries, in particular parity symmetry. 
The main observable is Cosmological birefringence.  
Leader: Paolo Natoli (Univ. of Ferrara) 
Status: Status: review of models ongoing. Contribution to COSMOS roadmap delivered.  

3.4 Task 7-6X1.4: Dark Energy 
 
Purpose: Provide constraints and forecasts for Dark Energy models  
Leader: Valdimir Lukovic (Univ. of Tor Vergata) 
Status: Review of models ongoing. Delivering contributions to the COSMOS roadmap. In Progress: 
constraints on SN data. 
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3.5 Task 7-6X1.5 Nucleosynthesis 

Purpose: Derive constraints and forecasts for fundamental and astroparticle physics and using BBN as 
a probe.    
Leader: Luca Pagano (IAS Orsay) 
Status: Review of models ongoing. Constraints on Planck legacy data planned. 

3.6 Task 7-6X1.6: Reionization history 
 
Purpose: Derive constraints and forecasts using for fundamental and astroparticle physics and using 
reionization, as measured through the CMB, as a probe 
Leader: Gianluca Polenta (ASI) 
Status: Review of models ongoing. Contribution to COSMOS roadmap delivered. Constraints on Planck 
legacy data planned. 

4 PEOPLE INVOLVED 

 
Name Role 
  
Paolo Natoli WP manager, task coordinator 
Alessandro Gruppuso Task coordinator 
Massimiliano Lattanzi Task coordinator 
Vladimir Lukovic Task coordinator 
Luca Pagano Task coordinator 
Gianluca Polenta Task coordinator 
Carlo Baccigalupi Participant, I/F to WPs 9-6X1/X2 
Nicola Bartolo Participant, I/F to WP 8-6X1 
Reno Mandolesi Participant, I/F to WP 4-6X1 
Andrea Zacchei Participant, I/F to WP 4-6X2 
Francesco Forastieri Participant 
Giuseppe Iacobellis Participant 
Alessandro Melchiorri Participant 
Diego Molinari Participant 
Linda Polastri Participant 
Raffaele Tripiccione Participant 
Guido Zavattini Participant 
Rocco d’Agostino Participant 
Haridasu Sandeep Participant 
Nicola Vittorio Participant 
RTDA reaearcher (to be hired) Participant 
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