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Neutrinos parameters

Neutrinos oscillate (1998, Super-Kamiokande)

Neutrinos are massive and mixed

This is an evidence for physics beyond the standard model (BSM)

Left-Right-Symmetric extension (LRSM) deploys a seesaw mechanism

to give a possible explanations for the smallness of the ordinary neutrino masses
LRSM has new particles: W=, Z°, N’z (mass M)

Standard Model Left-Right-Symmetric Extension
Gauge group su2), X u), sU@2), ¥suE), X ua),,
_ LH doublets: Q_ = (u,d®), ;L = (I'wv), LH doublets: Q, = (ud i)l_, L, = (I Ly i)l_
Fermions : M i Al o i . o
RH singlets: Q,=u'y,d ', ; L, =1", RH doublets: Q.= (u',d ), Ly= (1N,
_ v i do not exist N i are heavy partners to the v,
Neutrinos _ _ T _ o
v are massless and pure chiral N 'z Majorana in the Minimal LRSM
Gauge bosons W= ,2%g W= W=*_7°7" ¢

LHC experiments are investigating seesaw signatures
CMS collaboration results will be shown in this talk
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Seesaw mechanism %j%

 Istituto Nazionale
di Fisica Nucleare

Laboratori Nazionali di Legnaro

LHC experiments have discovery potential for seesaw mechanism at electroweak scale.

Fermionic isospin singlets Scalar triplets Fermionic triplets
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Right-handed neutrino singlets N Complex scalar triplets A Colourless fermionic triplets X

IVf;:F = square of the mixing element [N With hypercharge Y = 1

@7 — W* — =N 9 — Z" /7" — ATTATT
q — Z" — vN qq — W* — ATFAT
g9 — H* — vN qq — Z" [y" — ATAT

with hypercharge Y =0

9@q— 2" [y =T e

Final states contain charged leptons (electrons e, muons u, and taus t)

and jets or E{m'ss,
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LHC performance
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., CMS physics objects

’ CMS Experimant at LHC, CERN CMS Experiment at LHC, CERN
% | Data recorded: Fri May 25 06:14:54 2012 COT Data recorded; Thu Jun 7 03:54:15 2012 CEST
- e 2058 Run/Event: 195656 / 101901087
umi section: 1518 ) i
Lumi section: 111

Event display for an eejj candidate

EXO-12-01/

EXO-12-017

Event display for a unjj candidate

Electron and Muon candidates, as all objetcs, are recontructed using particle-flow algorithm
Jets reconstruction uses anti-k; clustering algorithm with a distance parameter of 0.5
E. ™ is the magnitude of the vectorial sum of the transverse momenta of all particles
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EXO-11-076

Type I anaIySIS arXiv:1207.6079
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Signature: two same charge and flavour leptons and two jets
Chain: pp =2 NI* =2 I'WI* 2 I*I%jj

. b= 25_""|""|""|""|""|""|""|""|""|""_
Trigger: double electron and photon & Vel o Bhard |
. .. E 20 > rr:duclbIEEl nzd s
Backgrounds: Z+jets, tthar, QCD multijet process 5 F = 120 ceV. :H”L: Zo0%s|
5 15:_ . an:1a 210 GeV, [Wyy[” =0.25 _:
Selections: “F cass20m :
* . 10 Vs=7TeV L=498f"
two same-sign p = (a) et ]
* first p with p; > 20 GeV, second p p; > 10 GeV SE l | | A
* 1 1 :u I il Fi| ESTSRE ST I A N S I||||:
l’l' 1n barljel reglon . . . GD 100 200 300 400 500 &00 70O 800 900 1000
* event with third p opposite-sign excluded if ,jj invariant mass (GeV)
76 GeV < m(u*w) < 106 GeV L s niass nansanasasaniassanaing:
& eof } Charge Mismeasurement Bkgnd | —
* 1 @ 5[];_ m" ﬁnﬂvlﬁﬁ; Dunﬁii _i
tWO SamE'Slgn e % 4A0E * p an:m 210 GeV, wE:F =025 | J
* first e with with p; > 20 GeV, second e p; > 10 GeV @ & | cas 2011 N
* ¢ in barrel region 20F + A
* i I I I = =
event with any third e opposite-sign excluded 10¢ EZ.':LJ E
E, ' |# 1 Loy
0 [] 100 200 300 400 500 Euﬁ ;nﬁ B[]D JE.ﬂ[][] 1000

Systematic uncertainties: e,ij invariant mass (GeV)
jet /e energy scale and resolution, e reconstruction and isolation and identification, trigger
efficiency, pileup, background shape and normalization, QCD background estimation
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EXO-11-076
arXiv:1207.6079

CMS

Type | results

Istituto Nazionale
di Fisica Nucleare

Laboratori Nazionali di Legnaro

Source [T T etet
Total background - 70 £4+22 219 £ 6 + 62
Data 65 201 I Data year 2011 I
Expected signal:
my = 130 GeV/c2, |Vyy|* = 0.1 584+ 144 39+1+3
my = 210 GeV/c2, |[Viw|? = 0.1 120401408  85+0.1+06

The data are in agreement with the estimated background.
No evidence for excess in the data beyond the SM background is seen
and exclusion limits are setted

o~ 5 = g CMS 2011 ta- b)
s Ms2oll . - a) 5 b Ve-7TeV.iLdr—4.98 b €€
= 1L s—7TeV.[Idr—498 fb nu = g Y '
10" 10"
1 0-2 - Mi ui 1 0-2 ei ei
_ —— CLs Expected n —— CLs Expected
10 3 // I CLs Expected 10 10‘3 e // - CL: Expected +1c
____________ // CLs Expected +2c g // CLs Expected +2c
4 / —— CLg Observed 4 E7 / —— CLgs Observed
10 5 L3 Limits 10™ S e L3 Limits
-—- DELPHI Limits i -—- DELPHI Limits
1 0-5 1 1 0'5 B A IR

60 80 100 120 140 160 180 200
my (GeV)

60 80 100 120 140 160 180 200

my (GeV)

First direct upper limits on the heavy Majorana neutrino mixing for mass my > 90 GeV
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Type Il analysis

EXO-12-017
http://cdsweb.cern.ch/record/1460445?In=en

Signature: two leptons and two jets pp — Wr+X = Np+ £+ X,

Trigger: double electron | single muon Chain:

- .- H 0 KT [# P 8§ rr
Backgrounds: ttbar, Z+jets, QCD multijet processes We = &Ny = bWy = bibagq = Bl
Selection Stage Selection Stage

Two muons, two jets
M1 pr > 60 GeV

Two electron, two jets
e1 pr = 60 GeV

Muon channel Electron channel

My = 200 GeV

.Iilr'flhg ||_|I|'I|' T E‘EH:} G‘E\f'r

Mg = 200 GeV

.Iilr'!-g,glflf et EIIJ{] ‘:__'l"l:_"lhl"r

CME Prediminary 1Ef " atl TEY
ey I LI T — Dwata [353) "
{.;5 10 3 i f1(139) - Ch2 F.'nel-ll;nll:la.r:.-. , — 36 & At Tev
. Z+Jats (71} @ 2335 (199
g f e o (72 2 z et (15
iy i — M I Ofher (22)
_Eil:r";— > E % . —— M, = 1.8 TaV (53}
o ] £10 E
L B ] E ]
LLl ]
e E i
: ] 10F E
F E| E
- ] 1k =
gﬂ %E —t—— jf i 2 3 3
E [h . L + L L - " — 3 1
ol 10Ul 1500 2000 2500 B , T . ,
M..qu [GeV] 00 1000 1900 A0on 2
M.y [GeV]

Systematic uncertainties:
uncertainty on the shape of the M,;; background distribution, background normalization, PDF
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5| Type 11 results (1)

EXO-12-017 L/ i Foia Nucuae
h l http://cdsweb.cern.ch/record/1460445?In=en i
cnanne . : :
H Limits obtain by comparing CM?PriQr?nnEI
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Type Il results (2)
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Combined muon and electron channels

Case of 3 N, masses are degenerate:
results exclude Wpg gauge bosons
up to a mass of 2.7 TeV.

A Data years 2011 and 2012
‘:'é :!m:;:.mg ‘-HIIDL::-.-N:JJ.-
= L ' Only muon channel
N
=" f The combined p channel results exclude
S g1k W,, gauge bosons
% F up to a mass of 2.9 TeV,
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I e R muon neutrino.
Wy, [GeV]
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CMS EXO0-11-073

Ty p e I I I a n a I yS i S http://cdsweb.cern.ch/record/1470586

Signature: three isolated charged leptons and E,Mss

Chain: pp = X" > IW*W*v then W decay | + v,

Constraint: at least one mixing matrix element for the heavy and light leptons V> 10
Trigger: two-lepton (two p or two e or ep)

Backgrounds:WZ, ZZ, WWW, Zy, Wy, Zy*, Wy*, tthar, non-prompt leptons, y conversion

Selections: 6 categories
* 3 isolated charged leptons from the same primary vertex HoeTeT
* Sum of the lepton charges = +1 preTut
* E_miss > 30 GeV poptat

T E_F-I-F_I-
*pr>18, 15, 10 GeV ety
* H; <100 GeV (H scalar sum of central jets pr,with p> 30 GeV)  s-atat

- AR = LA E:‘".*w--"le'a'..l-d H"’-:_ - 5 LN E:‘“.w---"le'a'..l-d H‘l'-:_

Additional request about Z peak S 5 _ E-»

82 < my,,. <102 GeV rejected % : : E:.j::..“m rg 25 :mm |
Uncertainties: 8 - o - 8 o 2o b 3
trigger selection 15 (@) s (o) |

physics objects reconstruction 10 T
lepton identification 5 : ﬁ,_i + o
background normalization 0~750 100 150 200 250 00 380 0 5u11uaﬂﬁuﬁu2‘5£ 300 350
integrated luminosity M (GeV) My (GeV)
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FDS Expected Observed
SM background | in data I Data year 2011 I
Category e e .
netet 08104 3 No significant excess of events is observed
u-etut 7.3+2.1 9 relative to the SM expectations
R 11.5£3.6 7 in any of the six analysis categories.
e utut 1.14+0.7 0 5
ey 5.6422 ’ Limits in 3 different scenarios Iz = Vel :
eeter 50+1.4 1 Ve 4 Vet + [V
_ — o CMS20MNs=TTeV, L4l e CMS 201V = 7 TeV, L= 4.9 1 CMS 20115 = 7 TeV, L= 4.9 fb”
\ F S om 102 \\\ :“'w E 102 \\\ pc5
x N\ s
© N\ o]
';.% ....................................................................

10 £ 10}

Fod ammnan Expected (CLs) | "b,=0,b =1,b=0

[! [ Expected at 68% confidence o, nExpacitea (cLs) \\ . b hu=bt=n
| | B Expected at 95% confidence . L1 Expected at 68% confidence o L. omoeeee E:pectad (CLs) ; o
D omemesel [ g i - | == g
Eiy £ Seea Eajunn s S e
: : _ ! ax eory
1 TR W ST S OO DO T N N W Lo 1||i\\\\|\|i|||i|\|\\\\|\|||||\|\ |\i|mi|\|i|||\||\\|m|||\|\||\
100 120 140_ 160 180 200 140 160 180 200 220 240 260 280 300 1 140 160 180 200 220 240 260 280 300
fermion mass M; (GeV) fermion mass M, (GeV) fermion mass M, (GeV)

First limits on ¢ X B reported by an experiment at the LHC
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Summary and conclusions

LHC experiments can NOT study neutrinos parameters, BUT
they investigate models BSM that give possible explanations for neutrino masses.

NO EXCESS of events is observed above the backgrounds predicted by the SM.

The CMS results are interpreted in terms of limits on the cross sections and masses of
the new heavy particles expected in the seesaw models.

All three analyses include 2011 data,
and search for a heavy neutrino and right-handed W of the left-right symmetric model
(Type 1) uses also 2012 data (till June).
The seesaw mechnism could be investigate deeper through all 2012 data
(expected integrated luminosity 20 fb1), so it is still live and interesting and exciting.

Stay tuned for the LHC experiments

/ A

results !

o

OR \VQ »
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CMS References

CMS PAS EXO-11-073 Search for heavy lepton partners of neutrinos in proton-
proton collisions at /s = 7 TeV in the context of the Type III seesaw me-
chanism.

CMS PAS EXO-11-076 Search for heavy isosinglet Majorana neutrinos in
e=e= and p=p= events in pp collisions at /s = 7 TeV.

CMS PAS EXO-11-091 Search for heavy neutrinos and WR bosons with
right-handed couplings in a left-right symmetric model in pp collisions at
Vs =TTeV.

CMS PAS EXO-12-004 Search for a heavy electron neutrino v, and right-
handed W bosons of the left-right symmetric model in pp collisions /s = 7
TeV.

CMS PAS EXO-12-017 Search for a heavy neutrino and right-handed W of
the left-right symmetric model in pp collisions at /s = 8 TeV.

Split, October 4th 2012 Andrea Gozzelino - CMS 16
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Other references

Y. Fukuda et al, [Super-Kamiokande collaboration], Phys. Rev. Lett. 81, 1562 (1998)
arXiv:hep-ex/9807003

F. del Aguila and J. Aguilar-Saavedra, “Distinguishing seesaw models at LHC with multi-lepton
signals”, Nucl. Phys. B813 (2009) 22, doi:10.1016/j.nuclphysb.2008.12.029, arXiv:0808.2468
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Back up slides

Split, October 4th 2012 Andrea Gozzelino - CMS 18



Type |

+/i-

Type Il

Ly

Split, October 4th 2012 Andrea Gozzelino - CMS 19



Split, October 4th 2012 Andrea Gozzelino - CMS 20



About neutrinos

June 1998: results from measurements of atmospheric neutrinos with the Super-Kamiokande
experiment showed that they are massive and mixed.

The masses of neutrinos and their mixing angles as well as their ability to oscillate implies that
we have evidence for physics beyond the Standard Model (BSM).

Ve {"}1 }9 }3 Y11 Eigenstates of Pontercorvo Nakagawa Maki Sakata matrix
V| = Lfal 2 'L?pB Y2 (1969) A2 T
Yr . U2 U] |3 P(vy — vg) = 4sin” # cos® 0 sin” ( 45 )

Unitary matrix PMNS = [rotation 6,,]X[rotation 6,;]X[rotation 6,.]

Measurements of mixing angles at reactors or accelerators experiments is done, but they are the
beginning of the searches for remaining neutrino parameters.

LHC experiments is studing possible explanations for the smallness of the ordinary neutrino
masses through mechanisms BSM.

CMS collaboration is investigating the seesaw mechanism in the exotica field.
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CMS Experiment at LHC, CERN

Data recorded: Thu Apr 501:18:00 2012 CEST
Run/Event: 190389 / 107592030

Lumi section: 138

Split, October 4th 2012 Andrea Gozzelino - CMS




CMS . .
Simulation

Signal event generation: PYTHIA, ALPGEN
Backgrounds event generation: PYTHIA, MADGRAPH, POWHEG, SHERPA

Geometry: Full and Fast CMS detector simulation based on GEANT4

Split, October 4th 2012 Andrea Gozzelino - CMS 23
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Resolution jets, muons, electronst (|

o ME=TTev.l-asgpw’ 00 CMS . Muons play a very important role in the CMS Physics programme
o total systematic uncetainty F_"F.Juh
5 MGt ctemaddeg (ANTIKG R=0.5) » Precision measurements
503 P D<*05
i —e— dm = Discoveries C M S C ompa ct
D.r_ I |
B g0l « CMS Detector at the LHC Muon

i _ = High p identification efficiency / Solenoid

‘ . .
( > 95% for tight selection )
0.1F \‘k“t._ _ . 1
w Good p resolution for p < 1 TeV
i T (<6%)
= Good di-p mass resolution

R | L
50 100 200
p, [GeV] ( <1% for 100 GeV )

Unambigously p charge determination for p < 1 TeV

Fast p triggers: unambigous beam crossing identification
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Trigger

HLT _DoubleMu7_v1,2 or
HLT Mul3d MMus v2,3,4.6,7 or
HLT Mul?7 Mu8_v10,11

HLT_Elel7 CaloldL_CalolsoVL_Ele8_CaloldL_CalolsoVL v1,2,3,4,5,6 or
HLT _Elel7 CaloldT_TrkIdVL _CalolsoVL_TrklsoVL_Ele8_CaloldT_TrkIdVL CalolsoVL_TrklsoVL v2,3,4,5 or
HLT _Elel7 CaloldT _CalolsoVL_TrkIdVL_TrklsoVL_Ele8_CaloldT_CalolsoVL _TrkIdVL_TrklsoVL_v5,6,7,8,9,10

Y
INFN
L~ e
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EXO-11-073

HLT Mul0_Ele10_CaloldVL w2,3,4,0r

HLT Mul7 _Ele8_CaloldVL_v1,2,3,4,5,6,8 or
HLT Mul?7 _Elef_CaloldT_CalolsoVL_v4,7.8 or
HLT Mu8_Elel17 CaloldL_v1,2,3,4,5,6 or

HLT Mu8_Elel17 CaloldT_CalolsoVL_v3,4,7,8

Split, October 4th 2012 Andrea Gozzelino - CMS
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Type || e

EXO-11-073
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Figure 3: Signal at 180 GeV mass point E%'jgsdistribution and significance plot for channel
e~uT T at after all the selection requirements except ERcut.
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