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Siamo entrati in pieno-nell’era dell*Higgs

* Un grosso investimento di lungo termine sta pagando

 L’imperativo scientifico é sfruttare questa opportunita

Dalla scoperta
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allattuale preliminare-identikit (“SM-like”)

ATLAS Prelim. |—o(stat)  Total uncertainty | 19.7 o (8 TeV) + 5.1 fb" (7 TeV)
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ad uno studio sistematico appena iniziato




Landscape Redefined

Expansion of the Higgs Physics Program!

Precision

- Mass and width

- Coupling properties

- Quantum numbers (Spin, CP)
- Differential cross sections

- Off Shell couplings and width
- Interferometry

Is the SM minimal?

- 2 HDM searches

- MSSM, NMSSM searches

- Doubly charged Higgs bosons

- ZY

Rare decays

- Muons pu
- LFV T, et
- J/Wy, ZY, etc...

0

Tool for discovery

- Portal to DM (invisible Higgs)

- Portal to hidden sectors

- Portal to BSM physics with H°
in the final state (ZH%, WH®°, HOH9)

Kado ICHEP2014

...and More!

FCNC top decays

Di-Higgs production
Trilinear couplings prospects

Etc...




Nonostante 'assenza di nuovi dati da Feb 2013, IN
- progressi nelle analisi dei dati di LHC - Run I: o

Measuring Higgs parameters
Mass resolution ~ 0.2% with improved consistency

Improved b and tau fermion analyses
Improved couplings

1971 (8 TeV) + 5.1 " (7 TeV)

CMS ATLAS Preliminary —— Data

Preliminary H—s =t VBF+Boosted e H(125)— 1T (U=1.4)
B -1t
[ Ldt=203b" B Others

(s =8TeV Fakes
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New 1deas for more luminosity: [
ttH in many final states ——_~

H width via interference (ZZ,
HH final states (X HH, 3H)

ATLAS
ILdt =20fo"at \s=8TeV

—a— Observed 95% CL Limit
% Expected Limit t1o
- Expected Limit +2¢
Type | 2HDM:
tanp=1, cos(p-0))=-0.05

arX|v 1406.5053 (bbyy final state
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Perché insistere sull’Higgs? —

* Nuove interazioni “fondamentali” vanno studiate
(accoppiamenti ai fermioni, auto-accoppiamenti,...)

/

-

* Una deviazione confermata dall'Higgs del MS sarebbe
ancora piu importante della scoperta di luglio 2012!

e Una delle possibili porte di accesso (non garantita) a
molte domande fondamentali ancora senza risposta:

-origine delle gerarchie tra diverse scale di massa
-origine di masse e mescolamenti dei fermioni

-natura della materi
-modello

zlone cosmica



Importanza del dialogo teoria/esperimento
nella fase “matura” dello studio dell’Higgs

Calcoli (e generatori MonteCarlo) raffinati per
segnali e fondi nel contesto del Modello Standard

Parametrizzazione delle deviazioni dal MS entro
opportune Teorie Efficaci : inclusione dei test di
precisione, individuazione di direzioni inesplorate.

Scuola italiana di fenomenologia (in Italia e all’estero)
in prima linea su questo fronte

Esempi: effetti di Higgs off-shell, vertice top-antitop-H



Tools for Higgs Physics

Cross Section

ggF

HIGLU (NNLO QCD+NLO EW)
iHixs (NNLO QCD+NLO EW)
EeHiPro (NNLO QCD+NLO EW)
HNNLO, HRes (NNLO+NNLL QCD)
SusHi (NNLO QCD)

RGHiggs (NNLO+NNNLL QCD)
agHiggs (approx. NNNLO QCD)

VBF

VV2H (NLO QCD)
VBENLO (NLO QCD)
HAWK (NLO QCD+EW)
YBE@NNLO (NNLO QCD)

WH/ZH
V2HV  (NLO QCD)
HAWK (NLO QCD+EW)
VH@NNLO (NNLO)

ttH
HQQ (LO QCD)

bbH
bbh@NNLO (NNLO QCD

HH
HPAIR (NLO QCD)

+ private codes.

I O
gluon

PDF: MSTW, CTEQ, NNPDF, etc.
- . =T APFEI

o=

O
QO

Jet-veto
JetVHeto (NNLO+NNLL)*

top/bottom

HgT/HRes (NLO+NNLL)
ResBos (NLO+NNLL)

* NLO+NNLL in differential

Clickable Link

NLO MC
POWHEG MINLO

MadGrapn5_aMC@NLO
SHERPA MEPS@NLO

LOMC
gg2VV

NLO ME
MCEM, MG5_aMC@NLO

W/Z

Higgs Decay
HDECAY (NLO++)
Prophecy4f (NLO)

W/Z

Higgs Properties
MELA/JHU, MEKD
MG5_aMC@NLO (HC)

eHDECAY

MSSM/2HDM
FeynHiggs, CPSuperH
SusHi+2HDMC
HIGLU+HDECAY

Compiled by R. Tanaka, Jan. 2014




Q: Which operators are constrained by Higgs searches only 2

Contino ICHEP 2014

In total: 59 dim-6 operators

Elias-Miro, Espinosa, Masso, Pomarol

17+4 involve the Higgs JHEP 1311 (2013) 066

Pomarol, Riva JHEP 01 (2014) 151
8+3 affect Higgs physics only

All other operators

\ EW observables at LEP1
already constrained by:

Electric dipole moments (EDM:s)
b— sy

See:

Pomarol, Riva JHEP 01 (2014) 151 Triple gauge couplings (TGC)
RC, Ghezzi, Grojean, Muhlleitner, ete” —)ff at LEP2

Spira JHEP 07 (2013) 035
CKM unitarity by KLOE and B-decay

and references therein

tt, top decays

Muon, electron (g-2) weaker

- 1 yet un-probed direction to New Physics (Higgs trilinear coupling)




Nessuna nuova particella trovata *finora*

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: ICHEP 2014

Model

Mass limit

ATLAS Preliminary
V5=7,8TeV
Reference

&mTY Jets By [Laim™)
——

2-6jets  Yes 20.3 |47,§

95% CL Exclusion

MSUGRA/CMSSM 0

MSUGRA/CN )
wsueRacy - ATLAS Exotics Searches*
Status: ICHEP 2014
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direct production

RS1(yy), k=0.1
RS1(ee,uu), k=0.1
RS1(jj), k=0.1
RS1(WW—4j), k=0.1

Gauge bosons

Clqqqq
Cl qqtt
Cl uutt

HH Hom SUS-13-
T B
YW Z
KXW h,
IR H05 -7

]
Pl xnla

Dl

SUS-14-
SUS-13-
SUS-13-

EWK gauginos

EFT D5 operator

EFT D9 operator
SUS-13-

slepton

Direct ¥1 ¥ p
Stable, stoppe
GMSB, stable
GMSB, Y-y
a3, Xi—qqe (1
LFV pp—is +
LFV pp—v +
Bilinear RPV
XKy, R —W,
XX oW
8749499
gt fi—bs

Scalar LQ 1°t ge
Scalar LQ 2" ge
Scalar LQ 3" ge

e,

SSM Z'(t)

SSM Z'(j)

SSM Z'(ob)

SSM Z'(ee)+Z'(up)
SSM W'(j)

SSM W'(Iv)

SSM W'(WZ—Ivll)
SSM W'(WZ—4j)

R

Long-lived
pamcles

Vector-like quark

Vector-like quark

Vector-like quark ~ o
" 9—qaq 1"

Vector-like quark Gtos b ;‘;

Vector-like quark

Gt 2
F—abtu >
Goa 2"

G—qqqa 2"
Galv
Excited quark g* G-l ;.'ZE
Excited quark g* -
Excited quark b*

Excited lepton ¢*

ﬁ«:uv:m
G abtu 2
Scalar gluon ¢ P

Scalar gluon ¢
WIMP interac

*Only a selection

LSTC a7 —» Wy
LRSM Majorana
Type Ill Seesaw

Higgs triplet H**
Multi-charged pa
Magnetic monop

e’ (M=A)

p (M=)

q’(qg)

*Observed limits, theot q'(qy

Only a selection of ava b*
Probe *up to* the quot

*Only a selection 0i uic avanawic 1iaos mine vin ow swiws "
4 'on o1 coloron(jj) x2

coloron(4j) x2
gluino(3j) x2
gluino(jjb) x2

[Ldt=(1.0-20.3) fo!

1405.7875

ATLAS Ppreliminary

Summary of CMS SUSY Results* in SMS framework

F

3 4

Leptoquarks

stopped gluino (cloud)
stopped stop (cloud)
HSCP gluino (cloud)
HSCP stop (cloud)
q=2/3e HSCP

q=3e HSCP
neutralino, ctau=25cm, ECAL time

j+MET, SI DM=100 GeV, A
j+MET, SD DM=100 GeV, A
y+MET, SI DM=100 GeV, A

w y+MET, SD DM=100 GeV, A

CMS Prel(iminlary

Excited
Fermions

Multijet
Resonances

CMS Exotica Physics Group Summary —

I+MET, €&=+1, S| DM=100 GeV, A
I+MET, &=+1, SD DM=100 GeV, A
I+MET, &€=-1, SI DM=100 GeV, A
I+MET, &€=-1, SD DM=100 GeV, A

ADD (yy). nED=4, MS
ADD (ee,pp), nNED=4, MS
ADD (j+MET), nED=4, MD
ADD (y+MET), nED=4, MD
QBH, nED=4, MD=4 TeV
NR BH, nED=4, MD=4 TeV
Jet Extinction Scale
String Scale (jj)

dijets, A+ LL/RR
dijets, A- LL/RR
dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
dimuons, A- LLIM
single e, AHNCM
single p, A HNCM
inclusive jets, A+
inclusive jets, A-

ICHEP. 2014

Vs=7,8TeV

ICHEP 2014

Long-Lived
Particles

Large Extra
Dimensions




Nessuna nuova particella trovata *finora*

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary
Status: ICHEP 2014

Model &mTY Jets By [Laim™)

MMMMM
MMMMM

vitino

Vs=7,8TeV
Mass limit

Reference
mmmmmm -

| 'TeV per:
Accoppiamenti non soppressi a quark/gluoni

* Segnali ben visibili nellambiente di LHC
Esempi: gluini, W’, Z’, e molti altri candidati...

Ancora molte possibili vie d'uscita:
* Spettri “compressi”

» Particelle non risonanti debolmente interagenti

g2 || diavolo e a volte nei dettagli...

Nuove analisi chiudono via via varie finestre in
attesa del nuovo balzo in energia con il Run 2

CMS Exotica Physics Group Summary — ICHEP, 2014

13



Fisica del sapore {(a LHC ma non solo!)

Accesso indiretto a possibile nuova fisica

Fino a che scale? Attenzione a non sovrastimare...

BR(p—ey)™® < 5.7x1013
* MEG'13

My > 200 TeV

Isidori ICHEP 2014

14



Fisica del sapore (a LHC ma non-solo)

Accesso indiretto a possibile nuova fisica

Fino a che scale? Attenzione a non sovrastimare...

BR(p—ey)™ < 5.7x10°13
+ MEG '13

My > 10 GeV

Isidori ICHEP 2014

Either NP is very heavy... it has a non-trivial flavor-breaking pattem...

15



% Mostly from LHCb
» Data set 3 fb’!

Li1ill

~ Signal and background
=== B p'p
B p'n
Combinatorial bkg
Semileptonic bkg.
- Peaking bkg.

= ighted cand. / (40 MeV/c?)

I

LHCDb

Preliminary

[llmllllll lllllllll ll

* Rare decays
% BR(B>up)
* New results on angle y
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Charged lepton physics (-

» Searches for u=2>ey (MEG: real y, Mu2E: virtual y)
» MEG improved limit (2010) - 5.7x10-!3 obtained
> MEG upgrade in progress = 6x10- 14 |
» Mu2E (CD2 in progress now)

g-2 (CD2/3 ok if magnet works)

Tl Wi

F. Bedeschi, INFN-Pisa 10




Ultra-relativistic Heavy lons at LHC
(ALICE, but also other experiments)

Field of hot and dense QCD matter is entering a new
era of precision measurements:

— High statistics at LHC in Pb-Pb, p-Pb, pp and the Beam
Energy Scan at RHIC along with pending upgrades
exploring characteristics of the phase diagram

— pinning down initial conditions
— their evolution via relativistic viscous hydrodynamics (n/s)

— quantitative determination of the energy loss of various
flavors

— determination of nuclear PDFs Wessels ICHEP 2014




Fisica nucleare di bassa energia

 GAMMA Spectroscopy Study of 5Ca shows Vi) - Thenew LUNA data on the 2H(o,y)SLi reaction at Big
evidence for a New Magic Number: N=34 ‘ Bang energies confirm validity of standard BBN theory

* Produced from fragmentation of 7°Zn @345 MeV [E=RE- e for SLi abundance prediction
* To explain the excess of °Li found in metal poor stars
non-standard physics solutions are requested!

y-decay of *Ca

186 Nal(TI) crystals
4 coverage

Taiuti@CVI

20



~—Cosa abbiamo impara nora*?

Per LHC *finora™ significa:
4/7 dell’energia di progetto
< 1/10 della luminosita integrata di progetto

< 1/100 della luminosita integrata possibile

ma questo si aggiunge a precedenti lezioni

LEPI, LEPII,
esperimenti

ries, ed altri
ica del sapore

21



La naturalezza *finora™ ha fallito

Nessuna simmetria quantistica nel MS per my=2o
Rapporto tra my e scale M>>my non protetto

MS innaturale se non c’@¢ Nuova Fisica al TeV

‘t Hooft Cargese 1979

Superficialmente (troppo?):

A < O(500) GeV

Ci aspettavamo nuove particelle e non si sono ancora
manifestate, ne direttamente né indirettamente!
Scala A significativamente al di sopra del TeV ?

22



Tecnicamente, nulla ci obbliga a modificare il MS prima di
10" GeV o git di li (forse niente tra M, , e M secondo un
modello “minimale” per v masses, DM, BAU e inflazione)

[VMSM di Shaposhnikov et al.]
1. I T T
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10 10° 10% 10" 10 10" 10 10'® 10%
Buttazzo-Degrassi-Giardino-Giudice-Sala-Salvio-Strumia arXiv:1307.3536
[Linde, Weinberg, Cabibbo-M o, Froggatt-Nielsen, Sher ...] 23




Naturalezza questione centrale per |la
fisica delle particelle nei prossimi anni

[ teorici si sono sbagliati finora =» la risposta sara sperimentale
Delle due I'una:

 Errore di dettaglio = nuove particelle a LHC14 (o FCC?)
che ci faranno capire quale dettaglio ci era sfuggito finora

* Errore grossolano = lo deve confermare in modo molto
forte 'esperimento per poter ricominciare su basi nuove

In entrambi i casi c’e una lezione importante da apprendere.

24



Quale fisica oltre il Modello Standard
e allora sperimentalmente accessibile?

LLHC-8 ha usato il famoso no-lose theorem

“Higgs del MS o Nuova Fisica al TeV”

Non saremo piu in una tale botte di ferro in futuro
ma ci possiamo far guidare dalle evidenze attuali

Neutrini?
Materia Oscura
[.a Connessione Cosmica

25



Oltre il MS coni neutrini?

Known unknowns |s L violated?

[modified from Strumia]

Leptogenesi?




(BB),, € masse dei neutrini

Results at
AN icHEP2014

The absolute mass scale of neutrinos | " == —
Dirac or Majorana

. . ) . GERDA LUMINEU
Are neutrinos their own antiparticles y

Majorana SNO+
Demonstrator
NEMO-3 SuperNEMO

Wamning: almost all
experiments are using
background estimates not
yet demonstrated.
Varying levels of risk are
associated with achieving
those backgrounds.

§ &

IH
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_.-‘E\ﬂecnn Neutrino Mass (meV)
. N .
3 B8

-
3

NH
PR wuul 1 TR
& 0
le-08 s 0o} 013 2004 2005 2016 2017 2018 2019 2020 2021 022 203 2004 225 J/ 230

- 0nl 1)
m,.. [eV]
PDG2012 MIN Vear J.Hartnell, loP2014

+ Disfavoured by cosmology

o &

Negr = 3.32 £ 0.27 (68%CL)
Neutrino Properties from Cosmology S m, < 0.28 eV (95%CL)

T. Rodrigo - SPC September 2014 18




* Successful completion of Phase |
* end data taking 21-05-2013
* Combined with HdM + IGEX |

* p_value =2.104 | I —
: background interpolation- -

>
)
| &
210
&

> 2.1 1025 y frequentist
% > 1.9 102 y bayesian

* Klapdor’s claim strongly dlsfavoured~

counts/(2 keV)
2190k g 1B

* Phase 2 under construction

* More mass (detectors done!) energy (keV]

* Less background ( 10 times)

_
-
>

* Improvements in LAr veto

M. Pallavicini

CVI - Catania - Oct. 20", 2014




HIGHLIGHTS: OVBB - CUORE

* Cuore
* Cuore-0 started data taking in 2013 !

* Background very significantly reduced compared to Cuoricino
* Physics results expected by Jan. 20I5

* Cuore cryostat

* Successfully commissioned!
* 4.9 mK lower peak

* 8 mK stable

* The largest mass ever cooled
down below 10 mK

* “The coldest cubic m? of the
Universe”

Sdss.Annn
31333333131
LLLLLLLLL L]

l
l
I
1
1
i ( L()Rl*

CVI - Catania - Oct. 20*", 2014 M. Pallavicini




Open questions for Oscillation experiments

Major efforts towards answering the remaining
The neutrino mass hierarchy questions and to increase precision

The octant of the 2-3 mixing angle Some of the emerging pillars of the neutrino
program:

v" A platform at CERN for detector R&D

v" The proposed upgrade of the J-PARC beam
and the proposal to construct Hyper-
j Kamiokande
v' The P5 recommendations to host an
interr)ational fgcility fpr short and long-
Sensitivity to mass hierarchy baseline neutrino oscillations at FNAL
CP Violation Sensitivity (IH)

CP violation in the lepton sector

\ Are there sterile neutrinos

' LBNE

34 ke
Preliminary

Exposure 2 ]
SIS R Fvoluzione recente:
PINGU LOI, 5 . 5 o 5
7 arXiv:1401.2046 * Miglioramenti in 6,,e in 6,,
2025 2030

Date « [ fit suggeriscono d.p~ 1.5 T
* Nulla su gerarchia di massa




Raffinamenti recenti nella fisica delle oscillazioni

3 v, event 4'h v, event

Opera: visible energy 4 candidates

E—
| ™ 1* candhdate

arXiv: 14073513
accepted by the Jourhal

3* canchd dc—Tﬁ""

TN

* Opera has now 4 events
* Close to 50 discovery claim (now 4.2 0)
T2K: 3% measurement of 323

Decay Expected | l Expected background
channel signal Observed Total | Charm Hadroni Large-angle
dc-rnya re-interactions muon scattenng J
4 SNt = A

T 1h 041 £ 0.08 . 0.033 £+ 0,006 | 0.015 £ 0.003 0.018 £ 0.005 .
r— 3h 0.57 £ 0.11 0.155 £ 0.030 | 0.152 £ 0.030 0.002 £ 0.001 425 6a% (dashod) and 90% (solid) C1. Contours
TN 0.52 £ 0.10 0.018 £+ 0.007 | 0.003 £ 0.001 ¢

T e 062 +£0.12 . 0.027 £ 0.005 | 0.027 £ 0.005

Total 211 £ 0.42 | 0.233 £+ 0.041 | 0.198 + 0.040 0.021 £+ 0.006 0.014 = 0.007

2AInl

0.014 = 0.007 . T2K [NH) T2K (IH)
s
o SK IV [NH] MINOS flavorsatm [NH)

« 12K is continuing data taking
* Most precise measurement of 33

Am':_. [NII]/Am;‘, lllii (107" eV?)

T 03 03 04 045 0OS 0SS 06 065 07 » v 2 1+ 4
o
sin“(0,,)  2amL

PRL 112, 18180 (20% - 17/10

CVI - Catania - Oct. 20", 2014 M. Pallavicini




Oltre il MS con la-Materia Oscura

T
OOOOOOOOOOOOOOOOOOOOOO

Chiara evidenza per la Materia Oscura
Spiegazione migliore: nuova particella

Ma quale particella?
WIMP? Assione? Neutrino sterile? Altro?

Cambiamento di prospettiva dopo il Run 1 di LHC:

svincolarsi dai modelli, esplorare senza pregiudizi
32







Ricerche dirette di Materia Oscura (WIMP)

Dama-Libra: Nal crystals
* model independent, annual modulation

* running in steady state. well known claim

Xenon: search for nuclear recoils in 2-phase xenon TPC
* 100 kg: running. No signal of nuclear recoil.

* | ton: under construction

DarkSide: search for nuclear recoils in 2-phase low argon-39 TPC

» Technical run with natural argon successfully completed in 2014

* Physics run expected for 2015 with depleted argon

CRESST
* Long existing small INFN participation officially approved this year

CVI - Catania - Oct. 20, 2014 M. Pallavicini




DM Direct detection searches - Present status

(Spin independent cross section)

CoGeNT
(2012)

CDMS Si
(2013)

WIMP-nucleon cross section [pb]
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Billard et al PRD 89, 023524 (2014)
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Ricerche di Materia Oscura a LHC

Ricerche di Mono-X (X+E

T,miss

con X=jet, vy, Z, ...)

Tema di fisica gia dominante in vista del Run 2
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Complementarieta delle ricerche indirette

* An “accelerator-like” particle detector in space
* Tracker, TOF TRD, Calorimeter, Magnet and RICH

* Smooth data taking in progress
* Events: 55 billions collected, 41 billions analysed

* Man-power demanding operations: tracker alignment
is done every minute because of constant temperature

changes
* Most recent result: precise measurement of
positron fraction

* Main motivation: search for dark matter

— - R ~ Observed flattening above = 200 GeV o
Positrons: x + x> e* + ...

AMS 2014 »

Positron fraction

30 months, || million positron-electron events
. |

1. Cholis et al., arXiv:0810.5344 300 . ‘400 500 |
e* energy [GeV] I

10 107 e* energy (GeV] | . I

CVI - Catania - Oct. 20, 2014 M. Pallavicini @ o




IMPACT OF AMS02 ON e FLUX KNOWLEDGE
Electron flux after AMS02
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L’ inflazione con il giusto cocktail di parametri funziona bene!

Angular scale
1° 0.2°

Q,= 0.697+-0.011
Q, = 0.303+-0.011

Cg=0.0484+-0.0007

Planck

50 500 1000 1500 2000 2500
Multipole moment, ¢




La storia di BICEP2/Planck

Marzo 2014: entusiasmante annuncio di BICEP2
1) Rivelato il B-mode nella polarizzazione della RCF
2) Possibile intepretarlo come traccia dell'inflazione

Vi¢]
(4 x 1016GeV)4

GUT-scale physics!?

"R

BICEP2 Planck+WP+highL

QuaD e - ' Planck+WP-+highL+BICEP2
) WMAP

QUIET-W  CAPMAP .

N—
xX
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N

m
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L
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La storia di BICEP2/Planck

Marzo 2014: entusiasmante annuncio di BICEP2
1) Rivelato il B-mode nella polarizzazione della RCF
2) Possibile intepretarlo come traccia dell'inflazione

Percheé cosi tanto entusiasmo?
(soprattutto dei teorici non-specialisti)

Dando per buona l'intepretazione si sarebbe
aperta una finestra (insperata!) su una nuova
scala fisica altrimenti inaccessibile, rilevante per

fisica dei campi scalari, grande unificazione,
gravita quantistica, assioni, superstrings... I

-
BICEP2___, .t~ POLARBEAR _ v
”
\ — N
\
10° 0.94 : 0.98 are
S

Multipole
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La storia di BICEP2/Planck (continua)

Settembre 2014 (dopo vari segnali premonitori di esperti):

Planck intermediate results. XXX.

The angular power spectrum of polarized dust emission
at intermediate and high Galactic latitudes

We investigate the level of dust polarization in the specific
field recently targeted by the BICEP2 experiment. ... This level
is the same magnitude as reported by BICEP2 over this | range,
which highlights the need for assessment of the polarized dust

signal even in the cleanest windows of the sky. The present

uncertainties are large and will be reduced through an
ongoing, joint analysis of the Planck and BICEP2 data sets.

La prossima puntata alla fine del mese
importante insistere con altri esperimenti

la questione é di primaria importanza -



E infine il punto (perora)

Nei prossimi anni possiamo affrontare concretamente,
su piu fronti di attacco, molte domande fondamentali

Naturalezza (nuova fisica al TeV si o no?)
Materia oscura: WIMP, assione, o altro?
Nuove scale in fisica: numero leptonico, inflazione

Progresso importante e certo, soluzioni definitive meno
(il caso dell’'Higgs a LHC e I'eccezione, non la regola)

Quel che e pure certo e che 'INFN deve continuare a

giocare un ruolo di primo piano, il capitale umano e
tecnologico a disposizione sono una garanzia, vanno
accompagnati da scelte sagge e finanziamenti adeguati
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New generation of muon experiments (g-2)

Muon g-2 experiments anticipated unceriainty

at Fermilab ;IMNT(J?l(b'ed) R L B
e’'e -bas
at J-PARC -2854 51 [T —

JN 09 ée'e')
289465 i

Davier et al. 0S/1 (+-based)

187452

Davier et al. 0S/1 (e"e")

312451 —e—
Davier et al. 0S/2 (e’e” w/ BABAR)
255449

Fermilab g-2: Data taking 2016

-
v, ) - : i

_HelegiNIaw (e’e w/ BABAR)

DHMZ 10 (= newest)
-165454

DHMZ 10 (e'e” newest)
-287 449

BNL-EB21 (world average
= ( age)

Ml INPIPTE IPITE FEPIPIPN IEPAPIT POl P
-700 -600 -500 -400 -300 -200 -100

8, - a"

x 107"

Experimental Highlights, Young-Kee Kim, University of Chicago ICHEP 2014, Valencia, July 2-9, 2014




Oltre il MS con-i neutrini
,Ceff = Lsn + 5£(m,,) —+ ...

Renormalizable minimal SM Lagrangian
3 families with v, but no vy
Accidental (B,L, L. L..) [(B+L)anomalous|

e/—mu’/

0L (mz/ ) . experimentally needed, still undetermined

[fSM »

Simplest solutions
1. Dirac [add 3 right-handed vy assume (B-L)]
2. Majorana [Broken (B-L)], favoured because ot
* Unique d=5 op in L4, A as large as almost Mp
* Simplest see-saw mechanism with heavy vy
* Makes possible baryogenesis via leptogenesis
Clear th bias for 2., but exp open question: (BB),,
Neither 1. nor 2. affect the success of Lgy, until A




SEARCH FOR STERILE NEUTRINOS

* The topic is hot and two main efforts are in progress
* S0OX: re-use of Borexino as detector of neutrinos emitted by a source
* SBL-ICARUS: re-use of Icarus on Short Base Line program at Fermilab

* Possible third actor: Nessie

SBL-Icarus sensitivity @ CERN
FNAL sensitivity still under study SOX sensitivity with Ce-144 source

W4Ce 100 kCi - 8.2%5 m from centre - 1.5 years - 1.5% precision on intensity ]

ﬁ//foml! v:1308.5288 Giunti et al

Present experimental
proposal

, 22.510%pot 7.5 10*pot 2.5 10*pot
o 270 kW) (90kw)  (30kw)

S0 sinfee )

CVI - Catania - Oct. 20, 2014 M. Pallavicini




HIGHLIGHTS: SOLAR NEUTRINOS

* First direct and real time detection of pp solar neutrinos by Borexino

ARTICLE

* Nature, 512, 28-Aug-2014 , _
Neutrinos from the primary
* pp rate: 144%13% 10 cpd/100 t Ptptonfpmton fusion process in the Sun

© expected: 131%£2 cpd/100 t T —

Primary reas then b thoug e 0o be the Ranion of twe protons with the ombodon of 2w oneny neutren Thew s called
PP s e Casetitate b By e end ety of the v b Ml v antly cnt imarnbr bag | huose comitl o b e Teas thoem
it dbrw  AMough sodar nevtrinen from secondary procewses Rave boon obmerverd, pros g Uhe macbonr anigin of the
San v omeriy annd coner out g o e Gna o ery of euts i s Bt (hone [rom proten protes Sedon husve Mihers
whbord et Setes than Hore we ropeont spues (ral sdmervathonn of pp sevtr baon . Gemmmsd sating I sl 99 juy comt of
the power of the San. 184 % 10™ cngs per socend. s gemeratod by the proson - proton fuskes process.

Before Borexino Borexino 2014

Survival probability for all selar sewtriso energies

pp - all solar (w.o. BX)
e B -all solar (Rad. + Cher.w.o. BX)

® Homestake
= MSW prediction

o
~

pep

o
(=2}

o
(2]

o
P

-
-

Vv, Survival probability

o
w

-
—_—
—

-
-

Peo:

-
-

o
[

L i P i s o |
10
R

CVI - Catania - Oct. 20%, 2014 M. Pallavicini @

0.1C
10"

- I
1 .
E. [MeV] lolnorgy [keV)




Il miracolo WIMP

WIMP = Weakly Interacting Massive Particle

For WIMPs in thermal equilibrium after inflation

(Tann¥) =~ 3 x 107 *°cm?’s ™!

EW x-section for particle with M~1023 GeV

51



HIGHLIGHTS: FERMI RESULTS

:
» Fermi has changed our knowledge of the y sly "AcNand bz Denis Baster

Jeremy Perkins
- Calibration and analysis Carmelo Sgro
* Very broad science scope Matthew Wood
Catalogs Elisabetta Cavazzuti

° ° Isabelle Grenier
- very succeSSfUI mission Dark matter and new Physics Luca Baldini

. N Miguel A. Sanchez-Conde
* Very significant role of INFN e emission Johann Cohen Tanug

Galactic sources Massimiliano Razzano
Marianne Lemoine-Goumard
GRBs Elisabetta Bissaldi
Magnus Axelsson

o The mission is currently expected to Sources in the solar system 24';:2:0:::\(:- Rollins
continue until 2018

B 1

Category | and |l papers in refereed ';oum.l;_

H . . = I
* Might be extended. Review in 201 6. opces i soats esswt Pubises [ s 1o
— e e RS — ASIronomy and Astrophysics 6429235

Astroparucle Physics

\
CPOPE [ — | [Asvophysicat souna K 0e22 | 102
SR2014 [ ) i Astrophysical Jounal Letters | 22+20=42 42
A \. 8+2=10 110

\

| strophysical Jounal Supplement

3 | | 3
: ane phase . EXle"ded phase ] ‘ Joumal of Cosmology and Astropanicle Physics 4
1111111111111111111111111111111111111111111111111111111 ! Jounal of Geoptysical Reserch 1
2008 | 2009 2010 2011 2012 2013 14 2015 2016 2017 2018 ‘ e S ——
\ ' Monthly Notices of the RAS 0425225
3 - . Year Nature \ 1=3
l Nuclear instruments and Methods \‘ 1=1
[ Physical Review D \’ 8+2=10
| Physical Review Letters | +0=17
. A % | |Putiicanons of the AS) | 041=1
* 315 papers, 22 of which in Science/Nature
Total 157+152=309| 14526 | 315
|-

* h_index of the experiment is 50

-
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HIGHLIGHTS: STATUS OF VIRGO-ADV

* Very hard work in progress

» (GOAL: Start data taking at the
end of 2015 - early 2016

* On-time and on-budget so far

* Very tight and risky approach to match Ligo
with MUCH smaller resources

* July 2014: commissioning of IMC ***started

* October 2104: SIB2 installed, finish commissioning of
INJ

« Early 2015: mirrors in the central building installed =
lock of the CIFT

* Summer 2015: first end mirror installed =+ 1-arm test

« Fall 2015: full interferometer = lock in the power
recycling configuration

+ 2016: commissioning of the full interfferometer = noise
hunting and science run

MIRRORS Y

First large optics polished (BS, PRs. CPs WMEM;
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HIGHLIGHTS: LISA-PF ALMOST READY TO GO

- Go AL N thruster electrical force

* Test the concept of non-contacting satellite

* Two Au-Pt masses in the same space-craft

* One in true free falling, another one controlled
at low frequency by electrostatic force

* One Lisa arm in one satellite

* Launch: July 15, 2015

drag~free ifo differential ifo

CVI - Catania - Oct. 20*, 2014 M. Pallavicini




oV anad AnAu (I = 0.2 Tev

o » » BT 12022, contrality 0% 20% gobal eye. » £ 0%

P2 05, cmiralty 0%-20% Potal syt = 1 %

Global syst:
8% ALICE
¢] 10% PHENIX

Suppression in PbPb

pPb: No suppression at
backward, suppression at

forward

nuclear shadowing and/or
partonic energy-loss models in
fair agreement with data

I ALICE
Foretiiminess

PPD |8 = 5.02 TeV, inchusive J'y 'y
AAbey <296 LS80

backward

EPS08 NLO (Vogt)
« = ELOM wih @ s0.075 CaV A (Arteo ot ol)
e EPSO0 NLO « ELows with q.-o.uo-v'c-w-u-)

3 4 5 6 7 8
P, (GeV/c)

Taiuti@CVI

ALICE
e

PP |50 5.02 TeV, Inchusive J'y 'y
20y A8, Lasom’

forward

EPROY MO (Vogh
B COC Pup w )
s Bloss o q.-cmow‘huwu--
e EPSOD MO « ELons with ¢ o0 008 QuV' S (At ot )




Heavy Flavour
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* CNM effects cannot explain HF
suppression in Pb-Pb
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R pp, reveals Cold Nuclear Matter (CNM) Effects

* CNM effects cannot explain Pb-
- ALICE Preliminary o ¢ - K'K,05< y<0 Pb R Xk Suppression

- p-Pbat \s,, =5.02TeV m,-05<y<0
- . mp 05<y<0

* At low p, interesting Cronin
peak, with mass ordering

* Athighp, R, ~ 1

2r
% | @ 1.8}
P, (GeV/c) ' 1.6}

ALICE preliminary ALICE preliminary

14 | 14
1.2} 1.2}
1§ - . f 1

0.8 | 0.8f #
0.6 NSO, p-Pb |8y, = 502 TeV 0.6 NSD, p-Pb | $,, = 5.02 TeV

i - r -
0.4 - KK, 05<y, <0 forp <28GeVic 0.4 =42, 05< Yo 0

0.2 03<y,, <03forp >28GeVic 0 2: all charged. l"cus' <03
. all charged. | | <03 =

adaaa laaal PO P - |

daal o aa l s PR - Coa bl o ol aaa
0 B 6 8 10 12 14 0 4 6 8 10 12 14
p. (GeV/c) p. (GeV/c)
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R, with particle ID
Strong suppression for all hadrons

At low p, — mass ordering

At high p, — independent of mass
Importance of production mechanism (coalescence ....

—El @ ALICE 0- 5% Pb Pb b ALICE 60-80% Pb-Pb

* X'+ 1: —"T ¢4
" p+P+K '+ K _T j

« Charged .

1012 74 16 18 0 2 4 6 8 10 12 14 76 18
p, (GeV/c) arXiv:1401.1250
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Exhaustive analysis of Pb-Pb data

1 Ml <08

scale with the i _ i and iyl <05
number of quarks N + m °&+

(RHIC initial '
observation)

2 V2 DOES NOT o -5-10% ' Pb-Pb 1sl_~C~E=27s Tev
of

Particle species

o
-

ot
- p+p
" A+A

40

v,{SP,|An| > 0.9)/n,

o

pT/nq (GeVic)
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