EXPERIMENTAL SUMMARY HIGHLIGHTS
OF AN EXTRAORDINARY
MORIOND EW 2012

1. Pushing the New Physics in the corners

2. The New Physics there is:
An elementary scalar boson candidate?
Massive neutrinos properties

3. What do we do next?
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Pushing new physics in the corners

Precision measurements
W mass and top mass

Flavor physics

U ey
B, D decays and asymmetries

Direct searches
Tevatron, LHC
Dark Matter search experiments

Benchmark: Supersymmetry where quantum numbers and thus couplings
are ~more or less defined and limits often expressed in particle masses.
Complete fits of pMSSM can be attempted.

(It has become a common currency)

B physics >More generic expressions of new effects for B physics
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W mass

New 'best’ result from CDF Uncertainty
COF N ff. d=22 " Source 2.2 b~ {MEV}
3 Lepton energy scale 7
S 80— _ 51180 . 12,0 MeV Lepton energy resolution 2
£ F Recoil energy scale 4
§ - wfdof = 30/ 30 Recoil energy resolution 4
0 : Lepton removal 2
Ca Backgrounds 3
megsure m, to[12 ! s =
DFs 1D
QED radiati 4
Total systematics 15
coFN [ra=zz W statistics 12
3 - Total 19
;{ 400 — Simulation
ectrum Largest systematics is from QCD

initial/final radiation etc... 10 MeV
(comp. QED 4 MeV ))

M,, = (80379 = 16,.) MeV
S000

The%mfdgt

w3fdof =58 /748

o 70 N 100
m. i) (GeV)
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Tevatron Preliminary
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Now m, is the most contraining variable in the indirect limit to m,

Tevatron Preliminany March 2012
80.5 e g
With MW = 8038511 o] MEV | (O LEPEWWE (2011) 68% CL (ewsiuding m,_, m__ & direct Hios exciuséon) ]
- 68°% CL (oy arsa) m, (2008, m, |
= ) 65% CL {oy ansa) m, (2012, m_ -~
F— 80.45 " &
My = 947 o4 GeV B g 5
Mp < 152 GeV @95% CL < il o i
@ B804 [ __,--f'_____ T o -
LEPEWWG/ZFitter C g A
Ll —— s
g &z — L0 ]
80.3 - £ -
al ce vy by by | | I I Ly vy
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m,, (GeV)

When m,, is known it will be time to review implications of influential
BSM physics on all EW precision measurements

-- 4th generation

-- SUsY

-- Higgs triplets

-- efc. etc.
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LHC is already in the game for m,,

1 Top mass combination ..o

= 29432

ATLAS Preliminary m [Diate: February 23, 2012) CMS Proliminary,a=T TV m
e+jets (1d) Pty 1729+ 1.5+ 25
CMS 2011 dilepion 1733+12425
peHets (1d) —+——— 1755%f 11% 26 PAS-TORM M8 {L=2 2" vl + gtk £ ayst )
eijeis (2d) ——a— 1743+ 0B+ 23
CMS 201 p+jets 1726+ 04413
wjets (2d) —e+— 1750+ 0.7+ 26 PASTOR TS L= T ) fral 2 ol 2 eyt
I+jets —_— 1745+ 06+ 2.3 CMS 2010 I+jets 1731+ 21+ 27
PRS- TOR-10-008 (L=38 pb") {wal. + sl = gyl )
Most precize (COF 1ijets) = 1730+ 0.7+ 11
CMES 2010 dil - 1755+46+ 46
Tevatron September 2011 [ 173.2+ 06+ 08 .JHEFEIFMZIHH:.S;.;!'j [val_-shat & ayet)
[stal)  (sysi)
| | | | | CMS combination 1726+04+12
160 165 170 175 180 185 190 o b L 4.7 I —
Myop [GeV]
| | | |
) ) ) 160 165 170 175 180 185
e _..and LHC combination is on the way m,, [GeV]

» “Back of the envelope” calculation indicates that result will help decrease the current
uncertainty from the Tevatron (partially uncorrelated systematics + higher statistics)

Headache error is color recombination - top quark is not a
singlet and has « strings attached » | (what does 'mass’ mean?)
LHC vs tevatron ...




MEG expt @ PSI 180° / Aml,
3 107 p/s o &

1L - &

Lig Xe calorimeter
DE/E =4% at 50 MeV

New upper limit: B (#-e)) < 2.4x10*2 (90%C.L.)

Data statistics

>
- B ] h Lo
2008 2009 2010 2011 2012(exp) 2013(?)
- i
Published Upgrade?

Will continue run and upgrade detector towards 10-14 sensitivity

Also: mu2e at FNAL, COMET at KEK, mu3e LOI at PSI..
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B and D physics : BaBar, Belle, CDF & DO, LHCb, CMS & ATLAS

CMS

LHCb = a fixed target experiment design

s ) ey | e— s
__—-—_— =

e,

Huge rates 2<n<5, second vtx locator (velo) The collabora‘hon f|1's in the hall

:

- LHCh
- preliminary

_ Events /(2 MeV/c?)
E g5 ¢

5200 25l]
B —J/y(pu)K* mass

340129 £ 4468

LHCD

5300 5350
m{dAp K (MeVic)

Bs—J/y(up)¢g mass

19035 £ 155

_______

Primary vertex
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Selected Highlight
? _«ediction (FCNC, helicity suppressed)

% a SM B(Bs—up) =(3.2+0.2) 10®  anw:10055310

arXiv:1012.1447
a SM B(B—pup) = (0.1+0.01) 10°*°

LHCb-PAPER-2012-007

arch for the B)—uu decay

® Branching ratio very sensitive to NP

® Current Status
L4 [0.37 fb! arXiv:1112.3515
a LHCD limit: PLB 707 (2012) 497-505 ]

® |B(Bs—pup) < 1.4 108 95 % C.L (LHCb) " SRR RTL
® [B(B—up) <3.210°95 % C.L(LHCb) 3

a CDF has an excess of events (10 tb!):
® B(Bs—up) =(1.0198,44) 108 (CDF)

& Best limit 28/02/12 (5 fb)

I RALLE LR LA LI LS ARRRY ALLE ] LA FRLARE
r, ™
[RTTA ATRTHATRTIRTIRI RVTRA FRTRAPTRTR

® B(B.—up) < 7.7 10° 95 % C.L (CMS)




LHCb

K BOS - B SO i ®
> : d7HH B, cross-feed =
% 6 e — peaking bke — g 6
§ 1 g
g — 5M signa =
1 &
S VA s A i S A
: R AP WP AN s ==Y P IS 2
2} 2
u===“-4_| 0 \ | , |
5250 5300 5350
m,, (MeV/c?) m, (MeV/c?)
® SM prediction (FCNC, helicity suppressed)
B(Bs—up) <4.5 109 at 95% CL a SM B(Bs—un)=1(3.2+0.2) 10° anwv:100s5310
\ arXiv:1012.1447
B(B—pp) <10.3 101 at 95% CL \‘lﬂﬂ \ s SM B(B—up)=(0.1+0.01) 10°

WesT

® Branching ratio very sensitive to NP

SOON these decays will be measured !

This decay being GIM suppressed is very sensitive to

(EW coupled) particles contributing to loops ...
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Direct CPVInD - ntn, KTK-:

CPV in mixing (indirect) can be related to direct CPV via tle relation:

_ 4 < <t>/tr = 1 at B factories,
_ | ~2.5 at CDF (displaced tri
AC}P(h-l-h } _ ﬂdlr (h+h ) 1+ _a}mjl}[h h } a (displaced trigger)

-
Consideringanr or KK final states we \
can build the difference:

Acp(K*K) = Acp(rt+m-) = Aacp (direct) + A<t>/t ap ™

Independent of the final state

HCP 2011: LHCb, 620 pb™: first evidence (3.56) of CPV in charm:

AAgp = Ap(K'K) — A (') =(-0.82+021+0.1D)%

Moriond 2012: CDF, 9.6 fbl, confirms this result
|AA('P = ACP(K+K_) _ Acp(n +~T|:_) = (-0.62+0.21 +0.10) %

Combination of LHCb and CDF results in a3.8 ¢ deviations from zera €
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Direct searches
Tevatron, LHC, Dark Matter experiments

Many searches for new particles (SUSY and exotics) leading to the same
remarkable result, i.e. the Standard Model always agrees with the data.
The models are losing both in energy range and in degrees of freedom
(or rather they have to invoke new d.o.f.s to survive the attack of data).

I concentrate on the Dark Matter search because we know that there is
Dark Matter - we just dont know what it is.
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Heavy Liquid Bubble Chamber - Le retour

Gargamelle NC discovery
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The new exclusion limits from KIMS
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Direct Dark Matter search Collider Dark Matter search

/) : :

DM

Direct Detection (t-channel) Collider Searches (s-channel)

Isolated high Pt photon or jet + missing Transverse Energy (MET)

Monophoton + MET Monojet + MET

CMS Experiment at LHC, CERN

Data recorded: Sun Apr 24 22:57:52 2011 CDT
Run/Event: 163374 / 314736281

Lumi section: 604
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THE BOSON

+ +* [ 1 |
I I (1) strictured

vacuim

massive Scalar boson

Frangois Englert
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Both ATLAS and CMS exclude a SM scalar boson

except in range (117-128 GeV): excess 2.5-2.9 o
at 125-126 GeV/c? (consistent)

COF+ DO mostly bb&WW

Too soon to claim even evidence, but..

'‘Who would bet against Higgs boson @125 GeV?'

My guess: Look Elsewhere + Look There
> CL probably >~ local significance of 2d experiment

More data in 2012-> 50 and more channels!

T LI B | T T T T T T T I.I T T T T T T T T T T 7T T T T 7T T T T T T T T
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o L il
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L Gtstjmis 8| CMS Ty
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We should wait until the « 125 GeV effect » is either killed or established.
A particle decaying in two photons is not spin 1 and more probably spin O

Is it elementary? Does it have all properties of the SM scalar of EBH et al?
It will be exciting to investigate this NEW object!

Just as for EWRCs, its discovery would eliminate a great number of hypotheses.

Consequences of a 125 GeV Higgs on constrained MSSM scenarios

Maximal Higgs masses

;14D_| T T T T T

W - = NUHM = NO scale

g — mSUGRA

55135:— VCMSSM GMSB

C NMSSM AMSB

130— —
1255/
120 :
115}1-- —:
110# PR TR N R T TN T N SN T TN RO AN SN SN SR O NN ST SO N N AN S S |:

10 20 30 40
tanp

B. Arbey. M. Battaglia, A. Djouadi. F.M.. J. Quevillon, Phys.Lett. B708 (2012) 162

model | AMSB | GMSB | mSUGRA no-scale | cNMSSM | VCMSSM | NUHM
% 121.0 121.5 128.0 123.0 123.5 124 .5 128.5

End of AMSB and GMSB in their minimal versions!
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How shall we study X(125)?

At LHC

It is there, and will do it.

The question: with which precision? 0O(10%) or worse (assume 600fb-!)
Effect of pile-up?. Etfc. etc.

do we need another machine to study more properties or more precisely?
Performance on couplings self couplings and invisible width?

At a linear collider ?

For 125 GeV Higgs, peak cross-section at ~250 GeV = my+m,+30 GeV
But.. 250 GV of acceleration and luminosity at that energy still
requires a large amount of power and superb alignment. Cost?

At a small e+ e- machine? LEP3 in LHC tunnel (see next slides)
Much easier and cheaper than LC but not expandable.

At a muon collider ?

Feasibility study ongoing. Not an easy machinel

Tonization cooling (MICE experiment)

Virtue: s-channel production p* i~ -H , exquisite energy calibration
and very small energy spread if needed.
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Branching ratios
LHC HIGGS X5 WG 2010

10”350 200 300 500 1000

M, [GeV]

125 GeV is really a good place to be:
"bb , WW, gg, 11, ZZ, cc are all above a few % and yy is ~maximal
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LEP3 Scheme arXiv:1112.2518

LEP operated at 104.5 GeV/beam with

£ = 1032 /cm?/s, (peak luminosity)

T, = 6h beam life-time

Por= 20 MW Synchrotron Radiation power

Modify parameters (reduce beam sizes by more focusing)

to increase instantaneous luminosity without increasing intensity too much
£ =15 103 /cm2/s, (peak luminosity)

T, = 12 min beam life-time

Psr= 50 MW Synchrotron Radiation power

Inject continuously using ancellary accelerator.

> /=15 1034 /ecm2/s

500

SM Higgs
Higgs Mass |

I~
)
S

%)
<
<o

]
-
=]

120 GeV

_ 140 GeV _

0 . . .
200 250 300 350 400
Center-of-Mass Energy (GeV)

Cross-section (fb)

—_
el
(=]

2 10* ZH events per year

Accelerator ring

—

Collider ring SpS
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A

?Z ""“"‘ ﬂ

LT

Muon collider © T o '

114 98 114989 115 L1501 11s.n2 11503

s (GeV)

Statistics
limited |

Still to be tried:

With a three-point energy scan:

Observable | With 100 pb* | With 2.5 fb*

Mass + 0.1 MeV/c? |+ 0.05 MeV/c® Janot

Width + 0.5 MeV + 0.1 MeV

Cpeak t1pb +0.2 pb A scan in 6E/E
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Neutrinos :

Dirac mass term
only

Majorana

mass term only

the New Physics there is... and a lot of it!

v, Vo V. Vg VTV v Vp
=3 §F $ 0 %0 % :
X 3 Families X 3 Families X 3 Families
6 massless 3 masses 3 masses
states 12 states 6 active states

No steriles

3 mixing angles

3 CP violating phases
Oovpp

3 active neutrinos

3 active antinu's

6 sterile neutrinos...
3 mixing angles

1 CP violating phase

Mass hierarchies are all unknown except m; < m,

Preferred scenario has both Dirac and Majorana terms ..

a bonanza of extreme experimental challenges
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Dirac AND

Majorana

Mass terms

' T N 1=0
:-:3 Ng No Sterile
‘b,[: : : : : : — neutrinos
m E—  assass I=1/2
m3 VL Vg Active

neutrinos

6 masses

12 states

6 active states

6 sterile neutrinos...
More mixing angles
and CPV phases
OvBp

=> Leptogenesis and
Dark matter




The neutrino |xmg ma'rr'lx.
3 angles an

ase

Am?2 = 2.4 108eV?

I Am2 =7510° eV2

OR?

Am?, =7.51CFeV?

Am?2 .= 2.4 10PeV?

Oneyear agc:
0 . (atmospheric) ~ 48,0, (solar) ~ 32, 8,,(Chooz) < 13

Unknown or poorly known

~ Y2 2 singy e :
: ; s 0,.. phased, sign ofAm,
Umns: | ~35  ~5 o~ 2
~Ll 0 ol ~ V2
2 2 2
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Oscillation maximum 1.22a4m? L/ E =m/2

AtmosphericAm?=2.416° eV? L= 500km @ 1 GeV
Solar AmZ2=7.6 1066 e\? L = 16000km @ 1 GeV
Consequences of 3-family oscillations: Oscillations of 250 MeV neutrinos;
PV,< V)

| There willbe v, v, and v, < v,
oscillation at L

0.45
@y POV o Vedma == ¥25in?20;5 +... (small)
(reactor) P Ve © Ve)max=~1-sin 220,53 +...(small)

0.4

0.35

[l There will be CP or T violation 0.3}

CP: Pl ov) # Pl,ov)
T: Plyeovy) #Pleov) 0.155-

1st maximum # second maximum

1. we d_o not knqw if the neutrino v, 05 5000 10000 15000 20000 25000
(which contains morev,,

Is the lightest one (natural?) or not.
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PVe-Vv,) = APHSF+ 2A S sind

PWVe—V,) = IAP+SE-2AS sin

PVe-v,) - Ple-v) A sind sin (Am2,,L/4E) sin8,,SiNB;4
— a .
PVe—-v,) + PO-V) P Sin? 26,5

.. need large values o8IN 912, Amzlz(LMA-- we have it!) but *not* large sin 2913

.. need APPEARANCE ...P(Ve—> Ve) Is time reversal symmetric (reactors or sun are out)
.. can belarge (100%) for suppressed channel (one small angle vs two large)

at wavelength at which ‘solar’ = ‘atmospheric’ and forV , — \)u y Vi

.. asymmetry is opposite folV , — Vu and V- V.
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T asymmetry forsind=1
NOTES: 100%

Asymmetry can be very large.

Stat. sensitivity

in absence of bkg

is ~independent of 0,5
down to max. asym. point

Asymmetry changes sign
from one max. to the next.

Relative Asymmetry

Sensitivity at low values -1
of 8,5 is better for short 10
baselines, sensitivity at

large values of 6,5 is

better for longer baselines
(2d max or 3d max.)

sign of asymmetry changes
with max. number.

0.3 10 30 Q0
-2

10 cevv by v ey sy b e e b ey by e Py by gy
-5 45 -4 35 -3 25 -2 15 -1

chg,m(s.in2 2913}
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Otani, Results from T2K !LL%VERESU It

Phys. Rev. Lett. 107:041801, (2011)
Reconstructed v, energy 68%/90% CL region

A mi =0 1

—— Data
Osc. v, GC
v+ cC
v, CC

Bl NG

(MG wi sin°28.,=0.1)

w
——

ha
T

) ]
Ams, <

-y

=>
©
=
o
]
al
=
b2
=
(]
>
D
=
)
@
e
1S
3
=

) TZK 1

0 e — f 1.43x10" p.ot. 3
0 1000 2000 3000 . V.

Reconstructed v energy (MeV)

|

1 o SO L | P
2 0.3 0.4 0.5 0.6

5in”20
Expected 1.5 *0.3 BG and observed 6  0.03 < sin%20,; < 0.28(normal)
event.0,; = 0 probability is only 0.7%. 0.04 < sin%20,; < 0.34(inverted)

We observed the indication of 6,5#0

- selection cuts fixed already in early 2010
- Far detector prediction (295 km) determined from flux (+ NA61 prod data)
+ normalisation using Near Detector (280m)

-- earthquake on 11 March 2011 « forced » publication!
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v,2V, Result

Phys. Rev. D 85, 031103(R)

Reconstructed v, energy 90% CL region

10~
4 T T T T T A T T ‘ T T

Data —— T2IK Run 142 {fixed syst. parameters)

--- Mo oscillation

Best fit with oscillation
isin®28, Amd) = {0.89, 2 6=10 e W) ] 5
( v, CCQE )

g T2K Run 142 il.LIIIJZ_\‘_,' sysl, parameters)

——- MINOS 201L

Number of events

— = Super-K Zemith
Super-K L/E

Lo

T
G
-
N
s
[ Kaal
=
=

data / nominal MC
best fit f nominal MC
8
Reconstructed neutrino energy(GeWV)

Clear oscillation pattern is 90% CL boundary includes

observed with off-axis beam (1.0, 3.1x103eV?), (0.84, 2.65x
103eV?) and (1.0, 2.2x103eV?)

First observation of v, disappearance using off-axis beam.

Otani, Results from T2K
T2K has restarted , one year after dramatic stop on 11 March 2011
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Also results from MINOS and Dchooz:

Fit results

---------------------------------------------

(hep-ex) arXiv:1112.6353 / Submitted to PRL : T2K+MINOS+DC combined :
: 30 LI L LI LI T T IJT TTTT :
;Tm_l ] T LA B T T 1 [ 1 T 1 ] T 17 O : - mm]lml :— E | 1 :
2 ——+— Double Chooz Data ] : [ Am =235e-3eV” .f & ] :
= Mo Oscillali 5 ' dashed: 3 :
%5"}__ + S Beanll:sin:(“R“lzo_lllﬁ 3 : 20 |- ®CHOOZ - & ] H
C for am?, = 24107 2\ ] H - - H
gm-_ Summed Dackgrounds (see insed | e, L i :
F Lithium-3 a v B . 7 H
o [ ] Fastnand Stopping - ! B b '
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r o o 7 H q T T T T T[T T T T TTT17]
200— e — ' : \i 68% , 95% CL (2 dof) |
g q " : : W E
100~ E R &/ ]
r 7 ' f u
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H ] ]
L - : \ N
% ols-L1 % 4+ O . 05 b\ ourves: T2E4MINOS
! L +. * i H ] \\ shaded: T2K+MINOS+DC |
" 50— ++ — E 1 ‘1\\\{|\\|||||||||||7
i " i . " L — : 0 0l 02 03 04 05
n H :
ergy L sin QGB

---------------------------------------------

DChooz Rate-only fit : sin22 613 = 0.104 £ 0.030(stat.) = 0.076(syst.)
Rate+shape fit : sin22013 = 0.086 + 0.041 (stat.) £ 0.030(syst.)
— No oscillation excluded by 94.6% C.L. -

Tsunayuki, Double Chooz
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It is a tradition of Moriond that experiments around the planet
work very hard to produce results for the meeting....
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SN1987A 23 Feb 1987 23 February 7:35 UT

HORTH EABT oTron

Kamioka
IMB
Baksan

energia/MeV Ii H I i
300 1 |

QQ # o1 24 neutrino interactions observed at 7:35
H a | within 13s!

w;# + + Between 9:20(not seen) and 10:48 (seen)

& the light from the Super Nova reached earth.
... . 168 000 light years away =

(v-c)/lc <2 1@

OPERA claim: 2.5 10-5
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"Results from OPERA"™ A Longhin INFN-LNF

——— __‘-7 T

daughter T

T p v

{ B. R. FHZSWO) “ [ Variable [ Cut-off Walue
1\-|i.l':-lll‘_'. P;- at LI\'iI:lr"\‘\‘ vertex (GeV/c) < 1.0 (.57

032
2 g7

p— ™ + 6407 _ (stat )™ (sys.) MeVic*

Angle hetween parent track and primary =2 3.01+0.03

hadronie shower o the

T — Yy 120 £20(slal) + 35(sys.) MeVic?

transverse plane (rad)

Isink angle (mrad) [ >20 1142
u Daughter momentim (GeV/c) >2 125
1t candidate
at the decay vertex (GeV/c)

Decay length {pomn) [ <2 Tead plates | 1335435

Longhin, Opera results Seen 1 event, expect 1.65 bkg 0.16
On full exposure (end 2012) expect 7.5
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4 x 20 tons target Daya Bay: Powerful reactor by mountains

Experiment layout

£

Water hall m |
: g

L
gijnid-Seintillator hall g S
< _Elltrgncir

¥

Total Tunnel length . i e total pdWer of 17.4 GW. Compare to
' ~3000 m e, Chooz: 8.6 GW




@; Far vs. Near Comparison : Spectrum

800}

—$ Far hall
_|—:"‘-|.J.I'rl.l..|' iy

(et

Entries / 0.25MeV

St

L

| sin?20,5 = 0.092

Mt (scalod)
i

Fag

Prompi -..'m.-]r_l_vg. MleV)
Spectral distortion consistent with oscillation.

E -

sin®20,; = 0.092 + 0.016 (stat) + 0.005 (syst)
sin®20,; = 0 excluded at 5.20

38

NB I doubt that the release date was decided because of Moriond...

If it was triggered by the 50 effect, I would predict that
value will go down somewhat...
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T T T I T I T T I T T T T T T T T T T i T T T T T

Daya Bay

sin?20,5; 0 0.084 +0.014

Consequences :

Mass hierarchy becomes
easier

CP violation: more events,
less asymmetry >

no gain statistically , more
sensitive to systematics.

MINOS

-

0 005 Ol 0I5 02
sin” 2¢

-]
2
Ln
]
&S]

13
ldeogram of recent 813 results for normal hierarchy, 8ce=0, and maximal 823

Reactor have no &, or mass hierarchy dependence:

P(7. — ) =sin®(2013) sin® (1.27&,,1%2 [eV?] Elihldm{’]) i
e

L [m]

2 4 sin2 51 eV =
sin®(2623) cos*(613) sin (l.ﬂ?&mm eV ]E [MEV])

Long baseline appearance experiments depend on both.
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Neutrinos the next steps

In fact there are several directions to study the neutrino paradigm

1. Neutrino oscillations: determine mass hirarchy and search CP violation.
Measure precisely the mixing parameters

2. Search for neutrino less double beta decay
Present level 0.5 eV. Next level 200 meV. Need more than one isotope!

3. Search for sterile neutrinos (a..k.a. right handed neutrinos)
- if there is a Dirac mass term they should exist!

4. Determine the mass of neutrinos by direct measurement.
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KamLAND-Zen(zero neutrino double beta decay)

&KamLAND-Zen : & Double beta decay isotope
Modification of KamLAND. ~300 kg of 136Xe (91% enriched)
1,000 tons of _(_BIG & Low BG) Largest amount for DBD experiment.
highly purified liquid scintillator. Already have another 200kg for next phase.

Q-value : 2.476MeV

136Xe loaded-LS-—=jnto KamLAND

center with inner balloon(IB). & Target for 1st phase
X Search for KKDC claim and

Degenerated hierarchy.

nnnl' man|

¢ | & £ KamLAND LS & Why Xe?
0 &) L R_%Og?“tg:"i:m - Soluble to LS ~3% by weight.
¢ A SR 3 - easily extracted.
I [ - Isotopic enrichment,
(o Il purification established.
Xe loaded LS in & Schedule
€10\ "\ R=1.58m inner balloon- 2011 Aug. Modification
225 of L v\D Sep. 24th, 2011 data taking start
L TR g | - Oct. 12th, 2011 -Jan 2nd, 2012.
< % _sr < & +5540f 20 inch PMTs 77.6 days data for 1st result.
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Search for neutrinoless double beta decay

136Xe 2VvBB & OVBP Half life

arXiv:1201.4664v1 [hep-ex]

10% = - - . .
5* Data U Series - |I\.-'etlme 77.6 da‘y’S.
- Total -+ 22T Series 136
3*\"‘“‘*‘ - Total (OVp upper Limit) - —— 2°B; - 129 kg of 13°Xe
107 P5e OVBR PKr s
E (90% C L. upper limit) ---- ®Bi A — =3 Senes
= r % 1367 oy, 8B = —— Total “Th Series
o ) ) —— " Xe 2viip “E‘sx sk — Igm (OBp pperlimit) —— B3
< 102 = ‘ AL r “2e OnpP Ry
Tal E . External BG ) F (0% C.L. upper limit} —--""Bg
= C o — - Spallation ; e e bp -m...AE
3 = : ‘ b z Extemmal BG
= 104 \ N ﬂ 5_ 15~ = — . Spallation
R ﬁ : W 1F wl T : w} + +
- [ i'\ I. " B ‘ et e "'\,‘\
7l_| | ‘ I , | ) ‘ II' ‘ X -\. | 92 1S J‘-'A.li‘n‘_ = ‘],6 [y a1 —13 s 4_3
10 1 A 3 4 Visible Energy (MeV)

Visible Energy (MeV)

T2v1,2=2.38+0.02(stat)+0.14(syst) x10?2! years
- high precision measurement.
- consistent with EXO result. T2¥y,2=2.11+0.04(stat)+0.21(syst) x 102! yr
- verification of discrepancy of T¢V1/2. (DAMA result T#V1/2>1.0 x 10%2 yr)

T2 > 5.7x1024 years at 90% C.L.
<m|3l3> <0.3~0.6 eV QRPA, shell maodel - Top class measurement.

Azusa Gando, KamLAND Zen 2 beta decay

Moriond EW2012 EXP Summary-- Alain Blondel



Searching for sterile neutrinos

-- approach 1: LSND result taken as possible sign of sterile neutrino.
Design experiment that rules out (or sees) a v,— v, or v, v, transition
in a compatible place in the (Am? , 6) plane.

LSND and MiniBooNE had no near detector. This is

-- approach 2: search for mixing of active neutrinos with massive steriles

This can manifest itself by apparent (and energy dependent)
violations of unitarity
Ex: at the Z pole
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1989 The Number of light neutrinos
ee -Z g, vs ee -7 Vi

AlLEPH
¥ .
Hadrons : =2
! 8
X P Mo=3
B 1930 Ny
% i 7 el Hr = 4
- 5 1a91 AN
g K
Il'. ..-l\l'-
u f . -__«1\%5
i5 A T
l“} .l:rlj:,-_ . '\-_.:%“
; Ty

A\

ﬁ. lu?;_ | + | | | i | 1 |
el
@8 e 9 & 2 & 43 94 98

Energy (GeV)

ALEPH+DELPHI+L3+OPAL in 2001 N , = 2.984 +0.008

Error dominated by systematics on luminosity.
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Getting our feet on (under) the ground:

A

Lagvna

LAGUNA -LBNO
new FP7 design study
2011-2014

Exploit L/E
dependence +
strong matier

2 main options eltect

Short distance: 130km
Memphys at Frejus
SPL+beta beam

CP and T violation

Long distance: 2300km
Pyhasalmi
Fine grain detector
e.g. 20kton fid. Larg
+ Magnetized detector
Long distance allows
rapid sensitivity to
sign(Am?,;)

Compare
neutrinos and
antineutrinos

CN2FR (Fréjus)

=  HP-SPL + accumulator
1st step easier: SPS C2PY (5 GeV—4 MW)
=> consortium 1st priority
Nextsteps HP 50 GeV PS ..

..or neutrino factory

Possible synergy

with a 3 beam

& = longterm: LP-SPL + HP-PS - >2MW

A. Rubbia
-_'T"'&.‘r“rn: Tetra e

CN2PY (Pyhiasalmi)
= |nitial : beam from SPS {500kW - 750kW)

i ‘ F'rh:a salmi

: Mh2T 30
Possible synergy

with a NF beam

o
Ruesd: v WH, O<Bc180
Dark-Fid - v NH, 180xchait]

Biue: v I, 0<l<180
Drarik-E o v IH, 1808360

GrandSasio Lab

o CNGS - Umbria
il = Beam from 5P5 (500kW)
e * Mo near detector
possibility
1, ROAA, US Navy, NCACGEECD &
52'30'5363" N 19°59'3741°F elev 150 m

Medium term plans include long term plansiili
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Fraction of dcp
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True value of sin®26;,

SPL 4GeV
EU-BB

NF bl
NF Py+INO

PS2-Slanic

GLoBES 2006

Updates 2009-11-19

Figure 2 A representative compilation
of sensitivities of some future long
baseline projects. Here the fraction of
d-pwhere CP violation can be
observed at 3 standard deviations is
plotted as a function of,g

T2KK: T2K 1.66 MW beam to 270 kton fid volume Water Cherenkov detectors in Japan (295km) and in Korea

(1050 km);

DUSEL: a WBB from Fermilab to a 300 kton WC in Dt (1300km);
SPL 4 GeV, EU-BB and BB+SPLCERN to Fréjus (130km) project;
NF bl is the Neutrino Factory baseline (4000km and 7000km baselines) and

NF Py+INO represents the concrete baseline from CERN to Pyhasalmi mine in Finland (2R&bdkto INO in

India (7152 km);,
PS2-Slanids a preliminary superbeam study at 1500km based on an upgrade of PS2 to 1.66MW and a 100kton

Liquid Argon TPC

CERN — SPC panel report , SPC meeting, 16.03.2010



Conclusions and outlook

This has been an extraordinary Moriond EW session!
Results results results! And many shown first at Moriond...

The near future is exciting!
-- confirm existence of 125 GeV effect
-- study its properties
- - study/understand what should be the next step
LHC only? Linear collider? Ring collider (e+e- or mu+ mu-?)
(much too soon to make decision)

Continue looking for effect of new particles in rare phenomena and
precise measurements (dont forget sterile neutrinos!)
including Ovf3p which would put neutrinos definitely beyond the SM.

Make decision on next neutrino facilities now that 6,5 is known to +20%.
Incremental path ... but not dead end!



Moriond is good because the physics is good

Looking forward to MORIOND EW 2013!




