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The Smoking Gun of Baryon Number Violation

Baryon Number Violation (BNV) in SUSY

— Implementation of 2- and 3-body decays in the PYTHIA
generator

BNV Colour Topologies
— Baryon Number Violation and String Topologies

— An explicit detailed model = baryon number flow

Properties and predictions

Summary and Outlook




R, B, or L? (Fast-forward)

* Most general MSSM Superpotential:
W = e [(Ye)iHIL{E; + (YD) HIQED; + (Yu)iyH3QEU;
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# But LNV+BNV makes bad cocktail!

» To save proton, I3, B, or L. cons. imposed.
& R — CDM candidate, but no deep motivation.
& B and L more robust with higher dimension operators.

Decent physics case + interesting to explore phenomenology




Collider Phenomenology

« General problem: how to obtain fully exclusive descriptions of
collider final states (in any physics model, SM or BSM)

Hadron Decays

Non-Perturbative
hadronisation, colour reconnections, beam remnants,
non-perturbative fragmentation functions,
pion/proton, kaon/pion, ...

: Soft Jets + Jet Structure
EXCI usive Multiple collinear/soft emissions (initial and final state brems

radiation), Underlying Event (multiple perturbative 2->2 interactions ‘(\%
+ ... ?), semi-hard separate brems jets @\&\
Resonance Masses ... :

Hard Jet Tail This has an S matrix
High-p wide-angle jets expressible as a series in g,

Incluswe @ o Q) o m! ) f g

To do precision physics:

I REHYSICAL“SCALES — Need to compute and/or control

all large terms
= EVENT GENERATORS

* Q. , Qg : Factorisation & Renormalisation



Implementation of 2- and 3-body decays in
PYTHIA

" & a B
VVBNV - )\ijkea r_'fUia.-Dj Dk(_t

(abe = colour, ¢jk = generation)

» Couplings between chiral multiplets.
& Sfermions: 2-body decays.
& Gauginos/Higgsinos: 3-body decays (via

sfermion resonances).
®c,,. — ‘baryonic’ colour flow.

d;, = wdp, ¥ = wddy, +ce. , §—uddg, +ce
u; — did; , )2:1_ — 1, 11,-,3 d;d.d;

: : . ’ rd i Dreiner, Richardson, Seymour:
Partial widths: LO ME's, (only 3" gen massive) | jieemo00008

Kinematics: isotropic 3-body (good when intermediate states very off shell).

Final state parton multiplicity increased by subsequent showers

NB: only MSSM pair production included (no single sparticle production)
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Colour Topologies

Confinement potential: non-perturbative breakups - hadrons
Not a priori calculable > QCD-inspired phenomenological models

Semi-classical, based on colour dipoles: “Clusters” or “String pieces”

‘Ordinary’ colour topology ‘Baryonic’ colour topology
(e.g. Z° = qq): (e.g. _Q"-" ):
. q Basic problem
Blue easy to
understand:
- No dipolel!

q

blue antiblue

Q'l green red l’i'3

® How does such a system fragment?
® Could a Baryon excess be observed?



String Topologies

How does the system hadronize?

* Assume vacuum still acts as dual colour superconductor
—>colour vortex lines ~ string picture still applicable

* Q then: which string topology? Y, A, V, ... ?

Biyiyy = €2 | P[e_;.g‘r.p(_u_xn:Aud‘ru%n (}En)} 8 me_mzahon of potential energy
el on ~ string length (V(r) = kr)

Montanet, Rossi, Veneziano : Phys.Rep.63(1980)149 |

=> Picture of Y-
shaped topology
with ‘string
junction’

(Warning: This picture was drawn in a “pedagogical projection” where
distances close to the center are greatly exaggeratedl)



The Junction

How does the junction act / move?

» The movement of the string junction is crucial,
it is the smoke of the BNV gun!

# A junction is a topological feature of the string
confinement field: V' (r) = xr. Each string piece
acts on the other two with a constant force, ke,.

#» — in junction rest frame (JRF) the angle is
120° between the string pieces.

» Or better, ‘pull vectors’ lie at 120°:

i—1 B
b - i )—Z i TL
pbull - E , b; € o

i=1,N
(since soft gluons ‘eaten’ by string)

Inverse boost =» handle on motion of the baryon /
number, through fragmentation

[ T Siostrand, PS Nucl.Phys.B659(2003)243 | 9




Hadronisation

‘Ordinary strings’ - same fragmentation functions, u:d:s, etc

/ ‘junction baryon’

Ty 93 T3 G092 di

Technically: 2 least energetic strings fragmented outwards-in
When little energy left, remains collapsed into diquark
—>remaining qq — q string piece fragmented as usual

Note: baryon number can be entirely separated from leading flavours
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(More Complicated Topologies)

» Stop pair production at an LC:

et 3

q;

2 possibilities:

qr

qj

/N

* a) 2 junction baryons

* b) junction-junction annihilation

Select between a/b based on which
topology has smallest ‘string length’
—> non-trivial kinematical dependence

0.8 &
0.6
0.4

0.2 1

Pythia 6210

() ‘Y.s-rop



(More Complicated Topologies)

» Colour flow in gluino decays:

» Selected according to (off-shell) resonance
propagators.
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dN/dp .,

Variation of Fragmentation Assumptions

70 =96 GelV X, —>uds Pythia 6209
: --+-- Default
*"":\ﬁ »  Fragmentation: Least Energetic Last
L Junction Pull: E | —
y *u, Junction Pull: E__ =0.5
u *  Junction Pull: CM Energies
1 F *u .+ Junction Rest Frame = String CM
3% T,
L -I .‘-' -
[/ " Junction Baryons uy _
Ly *w,,  Primary Hadrons
i 5 gy
-1 % * oy
L X a2
}0 F ] i“ﬂ"'*l
= 13 <Nz, =2163
¥ <N> =21.88
K <N>__ =2158
% N
N>22 =2174
2 x,, | | r-mgg‘m =2188
EO 1 1 1 L 1 1 1 1 1 1 1 — 1 1 1 1
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Py 1GeV]

PYTHIA model: essentially stable

(provided junction Y topology ‘agreed’

upon)

- m, = 96 GeV’ i,—) uds
: - J{J{ . — Pythia 6209 - Junction Baryons
== C \'\,.‘ S Pythia 6209 - “Ordinary” Baryons
“:d _JII » ----- Herwig 6301 - Junction Baryons
% _l-" Vo D e Herwig 6301 - “Ordinary” Baryons
o
S
]O E!I \, {Nbar'y>F’y1h|a_3'4
EI ‘-.‘ <Nbaw>Hemig=4.5
= \
— I'-\\
N
]O _2 1 1 1 |\' | 1 1 1 1 | 1 1 1 1 | 1 .".-I\“- 1 1
0 5 10 15 20
Pcy L GeT]

PYTHIA vs HERWIG: it matters
whether B flow modeled or not

(HERWIG impl. focussed on
perturbative part)

Central Point =» Junction baryons are soft, in CM of decay




Slow Baryons @ LHC — How tough to do?

For the present study: (simplistic!)

“Detector” covers || < 5 with granularity An x A¢ = 0.1

For |n| < 2, all charged hadrons with p, > 1 GeV are recon-

structed (100% eff, no mis-ID).
For |n| < 5, hard jets are reconstructed using cone algorithm.

We look for cascade-produced (boosted) y s which de-

cay via BNV: (Assume m._ = = 96 GeV known)
1

8 reconstructed jets.

Candidate \!: systems of 3 jets with combined p, > 200 GeV.
The 3 jets occupy a small detector region, R7** < 0.8.

The 3 jets reconstruct to m 10 GeV.

Candidate junction proton: Wlthln ARy = 0.5 of the 3-jet sys-
tem momentum direction.
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Slow Baryons @ LHC — How tough to do?

Snowmass la Vs = 14 TeV Pythia 6209, All SUSY

3] Reconstruction: "Optimal”

B Junction protons.

M Non-junction protons.

o 05 1 1.5 2 25 3 35 4 45 5
p(3iCM) [GeV]

Not trivial. But with high cross sections (low masses) may be
feasible. Would be smoking gun of Baryon Number Violation.

ILC highly interesting as well. Model applicable to any collider type.



Summary and Outlook

RPV-SUSY - interesting phenomenology

Esp. BNV has antisymmetric colour structure in interaction term
which does not appear in SM (neglecting sphalerons ...)

Detailed model focussing on NP aspects (flow of baryon number) shows
new aspects:

Smoking gun of BNV = excess of soft baryons (in CM of decay)

Available in the PYTHIA generator (see e,g, PYTHIA 6.4 manual,
published last week: JHEP05(2006)026, 582pp )

Not trivial to ‘catch the baryon’ at LHC. Would need detailed study.
Possibilities at ILC also remain to be explored

Though we only applied it to BNV-SUSY, the fragmentation
principles are universal, and could easily be used for other BNV
physics (so far, we e.g. recycled it for proton remnant fragmentation in min-bias)
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