What can we learn about
neutrinoless double beta decay
at theLHC ?

MPIK Heidelberg
22 Nov 2010

Steve Chun-Hay Kom

Cavendish Laboratory, Cambridge I
earn al 2 —p.

L bout Ov B3 at LHC ? —p. 1/26



| Outline

® |[ntroduction
® Why LHC might be relevant for Ov 53

® Example : resonant selectron production in LNV SUSY
Allanach, CHK, Pas 0902.4697, 0903.0347

® Charge asymmetry ratio
CHK, Stirling 1004.3404, 1010.2988

$ Summary
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| Other possibilities

® However many lepton number violating theories :
LNV SUSY, heavy Majorana neutrinos,
type I, type lll see-saws, lepto-quarks, KK neutrinos ...
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| Other possibilities

® However many lepton number violating theories :
LNV SUSY, heavy Majorana neutrinos,
type I, type lll see-saws, lepto-quarks, KK neutrinos ...
® (Ov[B-based strategies to distinguish different mechanisms, e.qg.

» Electron kinematics Ali,Borisov,zhuridov 07 , SuperNEMO

s T)}"("Ge) ratios of different isotopes

Deppisch,Pas 06 , Gehman,Elliot 07 , Fogli et. al. 09

» Excited daughter nuclei simkovic et. al. 01
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| Other possibilities

® However many lepton number violating theories :
LNV SUSY, heavy Majorana neutrinos,
type I, type lll see-saws, lepto-quarks, KK neutrinos ...
® (Ov[B-based strategies to distinguish different mechanisms, e.qg.

» Electron kinematics Ali,Borisov,zhuridov 07 , SuperNEMO

s T)}"("Ge) ratios of different isotopes

Deppisch,Pas 06 , Gehman,Elliot 07 , Fogli et. al. 09

» Excited daughter nuclei simkovic et. al. 01
® We focus on Ov33 mediation involving TeV scale particles.

® |[nvestigate interplay between LHC signatures and Ov 3/ rate
predictions.
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| TeV 0vs5 mechanismsat the LHC

Relative strength of ‘light’ and ‘heavy’ Ov35 amplitudes:
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| TeV 0vs5 mechanismsat the LHC

Relative strength of ‘light’ and ‘heavy’ Ov35 amplitudes:
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| TeV 0vs5 mechanismsat the LHC

Relative strength of ‘light’ and ‘heavy’ Ov35 amplitudes:

d U d U

4 .4
2 m 2 (A M
Misgne ~ G375 V : Miseavy ~ G (2) 2

€

d v U d W u

9o Mlight ~ Mheavy . mgg ~ (’)(Ol)eV — A~ O(l)TeV

® (O(1) TeV resonances via same-sign di-electron + 2 jets :

LNV SUSY Allanach, CHK, P 4s 0902.4697, 0903.0347
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I Ovppatthe LHC ?

TeV scale particles involved in Ov30: : 5 '
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I Ovgsatthe LHC ?

TeV scale particles involved in 0v3/: f : !
L

® Look for same sign dielectrons (SSDE) ‘

(c.f. SSDE in 0v3p). X .

® Reconstruct (charged) resonances. ] ¢ ;

Relevant for short range Ov54.
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I Ovgsatthe LHC ?

TeV scale particles involved in 0v3/: f : !
L

® Look for same sign dielectrons (SSDE) ‘

(c.f. SSDE in 0v3p). X .

® Reconstruct (charged) resonances. ] ¢ ;

Relevant for short range Ov54.

® Other possibilities exists, e.g.:
4 leptons f.s. BRs in Higgs triplets Petcov et. al. 09
BY-BY mixing  Allanach, CHK, Pas 0903.0347
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| 0v64,in LNV SUSY

LNV SUSY: Z, for R-parity — Z5. Results in (renormalisable) lepton
number violating parameters.

Winv = M11 L1Q1 DS + kL1 Hy + -+ — Liny = Npq (19d° + 1ged® + [¢Gd°) -
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| 0v64,in LNV SUSY

LNV SUSY: Z, for R-parity — Z5. Results in (renormalisable) lepton
number violating parameters.

Winv = M11 L1Q1 DS + kL1 Hy + -+ — Liny = Npq (19d° + 1ged® + [¢Gd°) -
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| 0v64,in LNV SUSY

LNV SUSY: Z, for R-parity — Z5. Results in (renormalisable) lepton
number violating parameters.

Winv = M11 L1Q1 DS + kL1 Hy + -+ — Liny = Npq (19d° + 1ged® + [¢Gd°) -
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| 0v64,in LNV SUSY

LNV SUSY: Z, for R-parity — Z5. Results in (renormalisable) lepton
number violating parameters.

Winv = M11 L1Q1 DS + kL1 Hy + -+ — Liny = Npq (19d° + 1ged® + [¢Gd°) -

My 0 %gvu —%gvd —%gvl
0 My —ggwe g g
M= Lo lew 0 ok
g g o 0 O
S oggm -k Oy Dy

ﬁﬁf’z‘*)m 1-loop
4
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0wBBin LNV SUSY

Direct, TeV scale short range mediation w/o intermediate light v, e.qg.
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0wBin LNV SUSY

Direct, TeV scale short range mediation w/o intermediate light v, e.qg.
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0wBBin LNV SUSY

Direct, TeV scale short range mediation w/o intermediate light v, e.qg.
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® Dimension 9 operators:

11 bound relaxes rapidly with increasing Agy sy .
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| Single slepton production

Direct indication of \|;; !
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| Single slepton production

Direct indication of \{;; !

U e _ ~ .
: / Majorana Xo: SSDE possible.
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| Single slepton production

Majorana yo: SSDE possible.

SS di-electron, 2 jets, small £ .
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| Single slepton production

Majorana yo: SSDE possible.
SS di-electron, 2 jets, small £ .

Signal believed tiny due to
‘stringent’ Ov35 bound.
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| Single slepton production

Direct indication of \|;; !

a

Majorana yo: SSDE possible.

SS di-electron, 2 jets, small £ .

Signal believed tiny due to
‘stringent’ Ov35 bound.

Lower T/ ("Ge) limit: Xjy; < 5- 1074 (f555%) 2.
3

Single selectron production: o(pp — 1) x (Ni11]?/ms3
— production upper limit increases with Asysy .
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| Single slepton production

Direct indication of \|;; !

a

Majorana yo: SSDE possible.

SS di-electron, 2 jets, small £ .

Signal believed tiny due to
‘stringent’ Ov35 bound.

Lower T/ ("Ge) limit: Xjy; < 5- 1074 (f555%) 2.

Single selectron production: o (pp — ) o< [y, [2/m?
— production upper limit increases with Agysy .

® Previous analysis on SS di-muon signals for \},; Dreineret. al. 99.

B

Learn about O 3 3 at LHC ? —p. 9/26



| Single slepton production

Direct indication of \|;; !

a

Majorana yo: SSDE possible.

SS di-electron, 2 jets, small £ .

Signal believed tiny due to
‘stringent’ Ov35 bound.

Lower T/ ("Ge) limit: Xjy; < 5- 1074 (f555%) 2.

Single selectron production: o (pp — ) o< [y, [2/m?
— production upper limit increases with Agysy .

® Previous analysis on SS di-muon signals for \},; Dreineret. al. 99.

® To estimate €y, , need also ¢, x, g masses. I
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| M odel. assumptions

LNV MSSM model parameters:

®» 'RPC' mSUGRA mass spectrum:
mo, M2, Ag = 0, tanf = 10, sgn(u) = +1.

® Only regions with neutralino LSP considered.

|
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| M odel.assumptions

LNV MSSM model parameters:

®» 'RPC' mSUGRA mass spectrum:
mo, M2, Ag = 0, tanf = 10, sgn(u) = +1.

® At Agyusy, set M.

® Only regions with neutralino LSP considered.
NME model Lovss = Gou|M|?:

® Include both 7 and nucleon modes (“Ge):

My, = eMZ" + ¢ M2V + (e + ga) (3 M7 + M)

111

9 M§2N = 283, MJ%N = 13.2, M'™ = —18.2, M?*™ = —601

Hirsch et. al. 96, Faessler et. al. 98 I
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| L HC.SS di-lepton cuts

From Dreiner,Richardson,Seymour 99

Lepton |n| < 2.0.

Lepton ppr > 40 GeV.

Lepton isolation: £+ < 5 GeV in cone R=0.4.
Reject 60 < My < 85 GeV.

Er <20 GeV.

OSSF lepton veto.

© © o o o o o

No more than 2 p; > 50 GeV jets.

|
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| Results

Inferring Tlo/”fﬁ(mee) from SSDE @ 5-¢ (10fb™ ', 14 TeV, mgg = 0):

Allanach,CHK,Pas PRL09
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Results

Inferring Tlo/”fﬁ(mee) from SSDE @ 5-¢ (10fb™ ', 14 TeV, mgg = 0):

Allanach,CHK,Pas PRL09
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Results

Inferring Tlo/”zﬁﬁ(mee) from SSDE @ 5-¢ (10fb™ ', 14 TeV, mgg = 0):

Allanach,CHK,Pas PRL09
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Results

Inferring Tlo/”zﬁﬁ(mee) from SSDE @ 5-0 (10fb™ ', 14 TeV, mgg = 0):
Allanach,CHK,Pas PRL09
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Results

Inferring Tlo/”zﬁﬁ(mee) from SSDE @ 5-¢ (10fb™ ', 14 TeV, mgg = 0):

Allanach,CHK,Pas PRL09
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TOPP(T6Ge) < 1.9 - 1025 yrs
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Results

Inferring T’ 0”ﬁ5(76Ge) from SSDE @ 5-0 (10fb™ ', 14 TeV, mgg = 0):
Allanach,CHK,Pas PRL09

1-1027 yrs < TPP (T6ge)

1/2
1000 0.05 31
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>
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N ~
~
—
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200
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200 400 600 800
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Ov
1.9-10% < 77777 ("0ce) < 1-10?7 yrs

0
177y ("ce) < 1.9 102 yrs
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Results

Inferring T’ 0”ﬁ5(76Ge) from SSDE @ 5-0 (10fb™ ', 14 TeV, mgg = 0):
Allanach,CHK,Pas PRL09

11027 yrs < T()yﬁﬁ(mGe) Sensitive to future Ov33 expts.

1/2
1000 ||||||||||||||| 005 31
800
0.02 29
>
600
Qo - 0.01 27
N ~
~
—
; 400
0.005 o5
200
0.002 ' 23

200 40C 600 800
m()/GeV (Ml/ 9 = 300 + 06m0)

1.9.1025 < Tf}’fﬁ(mee) <1-10%7 yrs LHC single slepton discovery limit

0
177y ("ce) < 1.9 102 yrs
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Results
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Results

1000

Including

‘mBg‘ — 0.0b eV

(~ v Am§3)

M1/2/GeV

Constructive interference

Destructive interference
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mo/GeV
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Results

1000 * S I N O A B T | LI L L L L
P |

Including

‘mgﬁ‘ — 0.0b eV

(~ v Am§3)

M1/2/GeV

y -2 ]
2x10~> 5><1[\]Ju_uf

Constructive interference

Destructive interference
200 400 600 800 1000

mo/GeV

® Destructive interference with msg increases Tlo/”fﬁ ("°Ge) — dark
yellow region shrinks.

® Fixing 71, (°Ge), destructive int. with mss increases SSDE rate
— better SSDE discovery prospect.
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| nference on mg;

Given 50 SSDE observation (M, = 630GeV, M /5 = 440GeV)
— TPP(T6Ge) = 1 - 102%yrs if direct contribution only.

1/2
700 700 | T
|m[3|3| Only --------------
600 | 600 |
~ 500 | = 500
2 400 | 2 400 [
& 300 = 300 |
= 200 | £ 200 |
100 | - 100 | R |
O 0 .
1.9e+t25  1let26 let+27 1.9e+25 1le+26 le+27
observed Ge half life (yrs) observed Ge half life (yrs)

#® Band of mgg depending on relative phase.

® Normal hierarchy possible if Ov35 observed.
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| SSDEatthe L HC 1

® Heavy Majorana neutrinos (V) can lead to the same final states !

® Similar structure as type | see-saw, with
m —1

u [+

14

5

® Again Majorana nature of N leads to SSDE.

|
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| SSDEatthe L HC 1

® Heavy Majorana neutrinos (V) can lead to the same final states !

® Similar structure as type | see-saw, with
m —1

u [+

14

.

® Again Majorana nature of N leads to SSDE.

® Angular distribution of charged resonance decay products ?

Ferrari et. al. 00 I

Learn about O B 3 at LHC ? —p. 15/26

® At 30fb~! discovery of (myy,,, my) < (4.6,2.8) TeV



I SSDE at.the | HC 2

® Contributions from other initial state partons ? e.g.

0
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I SSDE at.the | HC 2

® Contributions from other initial state partons ? e.g.

u I+

® Charge asymmetry ratio as a possible discriminator
CHK, Stirling 1010.2988
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I SSDE at.the | HC 2

® Contributions from other initial state partons ? e.g.

u I+

® Charge asymmetry ratio as a possible discriminator
CHK, Stirling 1010.2988

® More general usage of charge asymmetry ratio as diagnostic tools

for new physics see

CHK, Stirling 1004.3404
Learn about O B 3 at LHC ? —p. 16/26



| Chargeasymmetry ratio

® |HC (p-p) produces more +ve over -ve charged final states.

® Proton has non-universal flavour content of course !

|
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| Chargeasymmetry ratio

® |HC (p-p) produces more +ve over -ve charged final states.

® Proton has non-universal flavour content of course !
— Charge asymmetry ratio R* = % depends on how quarks

couple to the resonance.
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| Chargeasymmetry ratio

® |HC (p-p) produces more +ve over -ve charged final states.

® Proton has non-universal flavour content of course !
— Charge asymmetry ratio R* = J]\V[EJF) depends on how quarks

couple to the resonance.

® Also, R* tracks ‘weighted’ parton luminosity ratio R*:

RE — fdy|Vab| fa(z1, Mv) fz(z2, Mv )| ()
fdy\Vchfc(xl,MV)f (2, Myv)|(-)

|
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R* in W'..models
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R 1inW..models

® [Implement W’ into Her wi g++

® Impose cuts similar to the SSDE analysis for LNV selectron
(hard p}. > 75 GeV, p/, > 50 GeV, wrong sign lepton veto, 115
Invariant mass constraint)

® main background from ¢t (Her wi g++), W Z(~vx)jj (Al pgen), but
O(1)% compared to signal at 14 TeV.

My Process Ttot Ocut
W’(V1) 4.78-10°  1.02.10°
1.0 TeV - 5
W’ (Vir) 2.62-10 542
tt 6.06-10° 2.8
W Z(y%)jj - 0.37
W' (Vr) 226 72.9
2.0 TeV

W' (Vi) 92.8 29.3
tt 6.06-10° 0.53
W Z(y%)jj - 0.14
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R vsR-=1n.\W’' models

Vi and Vj; are distinguishable for My, below ~ 2 TeV.
(14 TeV, 30 tb™1)

. % Vi
33 F MW’ Rﬂ: Rj: R:l: R:I:
2ol 1.0 TeV 2.12(4) 1.99(1) 1.92(4) 1.79(2)
. 1.5 TeV 2.50(6) 2.42(3) 2.21(7) 2.13(4)
5 25¢1 2.0 TeV 2.82(9) 2.74(7) 2.49(10) 2.40(10)
0
tt : RT ~ 1.0
21t N n
WZ(yx)jj: RT ~ 1.2
17 }

1000 1250 1500 1750 2000
My

® However at7 TeV 1 fb~! the prospect is not as promising. I
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Many candidate Or 33 mechanisms.

LHC searches complementary to direct Ov 53 observation.

Needs both direct Ov55 and indirect LHC searches to understand
structure of Majorana v sector.

Charged resonances decaying to same-sign di-electron + 2 jets
might be relevant.

Charge asymmetry ratio could provide further information on the

relevance of SSDE+2j observed to 0v 3.
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Half liferatios of different isotopes

® Different mechanisms result in different NMES.

® New physics parameters cancel in ratio.

T1/2(AX)

_ [IM(7°Ge)|*Go, ("°Ge)

T VPP (76Ge)

1/2

[M(AX)[?Gou (4 X)

$ Systematic uncertainties in NMEs tend to cancel.

R(NP,mu)(Ax)

—>

(RNP_RM) /RM

—80% —-60% —-40% -20% O 20%

— _1/2
= Tl(j\;P,mu)(mGe) e A
100
12874
130T
136y o
150N A

*
* m |
AN
A m
A
Cam

A\

77

465%/\

333%%k

300%k

1 A\

4_-
<+— SUSY gluino

<«

RSUSYacc

RSUSY-g

QLR*I]I]

RLR-MA +—

*  R¥K (10Ged—r

® Many isotopes required.

Deppisch,Paes 06

SUSY sbottom

LRSM v1

LRSM v2

KK neutrinos
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Eletron angular correlations

Different lepton current structure leads to different angular correlations

dl’ r
= —(1—-K :
dcosf 2 ( cosf)

® Only weakly dependent of NME models.

® In m, mechanism, K ~ 0.8 — 0.9 for a range of isotopes
(76(3e, 82Se, 100MO, 130Te, 136Xe). Ali,Borisov,Zhuridov 07

® For LR symmetric model, K ~ —0.8. Deppisch,Jackson

® E.g. SuperNEMO is sensitive to single electron kinematics.

B
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I Triplet Higgs mode

Akeroyd et. al., Garayoa et. al., Kadastik et. al. 08, Petcov et. al. 09
Vigiges = m2 (®T®) + X\ (@T®)? + MZ Tr(ATA) + A2 [Tr(ATA)]? + A3 Det(ATA)

1
+24 (PTR)Tr(ATA) + A5 (T1;0)Tr(ATHA) + (ﬁ“ (T img ATD) + h.c) ,

A A+/\/§ AT+
AO —AT /2

T = (o7 ¢")T (Higgs doublet)

) (Higgs triplet)

® Absence of the last term in Vyiges lead to Majoron (LEP excluded).

® (AY) < 8GeV from p constraint. petcovet. al. assumed va < 1 MeV.

Also M+ < Mg+ to forbid HW decays.
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® Tevatron limit: mg++ ~ 130GeV.



| OvBeanIriplet Higgs M odel

From Petcov et. al. 0904.0759

va /v N
d d
Sw H H
T h
Ve vy ee
. Mee Mll’ Ve
Ve Vi
§H7 H §VV_
d u d '/ d u
VA/U
A va /v
d u d : d : Uu

d u d E U

A

#® All diagrams (bar the first) are suppressed by powers of va = (A%).
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