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Long-lived charged massive particle

M Long-lived CHAMPs in many models beyond SM

¥ Various hunting
(collider, neutrino telescope observations, etc)

¥ Cosmological constraints on its property
(big-bang nucleosynthesis, large scale structure., etc)

One of the interesting objects for particle physics,
astrophysics, and nuclear physics



Long-lived stau

Candidate of long-lived CHAMP: NLSP stau in SUSY models
NLSP: Next lightest SUSY particle

@ Illustrative example in this talk

(same phenomenology also for other long-lived CHAMPSs)

@ Three scenarios of long-lived stau
¥ Gravitino dark matter scenario (coupling suppression)
¥ Neutralino dark matter scenario (phase space suppression)

B Axino dark matter scenario (loop suppression)
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Long-lived stau

¥ Similar but different in appearance

Why long-lived?

Typical signals

Signal with
flavor violation

Cosmological
effects

Neutralino scenario

Phase space suppression

Missing ET +
heavy charged track

Variations of lifetime and
lepton p distribution

- Solving Li6 (Li7) problem
- Over-production of D

Gravitino scenario

Coupling suppression

Heavy charged track
(— missing ET + hard tau)

Energetic e (or p) with
small BR

- Solving Li6 problem
- gravitino problem
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Missing ET + Heavy charged track

yfpneel slgnzls heavy charged track (— missing ET + hard tau)

Cosmological - Solving Necessary to have correct pictures of
effects AR these signals and effects in each case
for precise understanding of the stau
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Outline

v Long-lived CHAMP in BBN

¥ Energetic decay

¥ Exotic nuclear reaction by bound state

@ Long-lived CHAMP at collider

E Flavor conserved stau

e Flavor violating stau

M Summary

Q



Long-lived CHAMP In
big-bang nucleosynthesis (BBN)
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Various effects on BBN
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M QOver-production (-destruction) of light
elements by long-lived CHAMPs

Al

@ BBN is good prove to long-lived CHAMPs

M Good accuracy of observations and
calculations of light elements densities
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Ex. 3: catalyzed fusion process

[M. Pospelov, PRL98]

K Catalyzed fusion by the bound state
of CHAMP (X~) and 4He

(*HeX~) +d — °Li+ X~

@ Solving the °Li problem by
enhancements of °Li production v Li<2510"

<O"U> catalyzed = 107
(UU>Standard

Excluded by °Li overproduction

Density of CHAMP

M Note: valid constraint only on
gravitino dark matter scenario

1. 2 5. Jde2

Lifetime of CHAMP in 1000s

[C. Bird, K. Koopmans and M. Pospelov, PRD78]
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K Larger reaction rate thja_ ‘cataly:

fusion =

¥ More stringent constraint to aj' :
over-production of deuteron

il

Timescale(s)
Li6 over-prodtiction

Jhl
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Signal in neutralino DM scenario

Bound state formation of negative
charged stau and material in detector

Internal conversion before particle decay
[cf. muon capture process]

Signal: missing ET + positive track
No negative charged track!

Necessary to carefully search the
signal to avoid misidentification
[Now preparing to submit]

(flavor consrving)

In detector \
missing Frp

T = missing Er
"""" U /
T l 0
- - X1
Vr
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current
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Signal in neutralino DM scenario

New 2-body decay channel via flavor
violation

Determination of flavor violating para.

as a function of stau lifetime

More sensitive to tiny violation than
rare decay search experiments

(flavor violating)
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Summary

4 Long-lived charged massive particles in many models beyond SM

@ Important for comprehension of long-lived CHAMPs and each model

¥ to identify what exotic reactions are induced by each type of CHAMP

¥ to understand what light elements are over-produced (-destructed)
by each type of reactions

4 Necessary for detecting CHAMP signal at collider to arrange depending on
¥ the reason of longevity

E the flavor is conserving or violating
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MSUGRA/CMSSM: tanf = 10, A = 0, u>0
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@ Point favored from Higa S ma
DM physics, and so on
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" Coannihilation
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B Densities of p and n
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Age of the Universe / [sec]
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(7~ *He)
Catalyzed BBN reaction

Ll A AL

Standard BBN reaction

@ Exotic reaction

<0'U>catalyzed = 107 =
<UU>Standard
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forming a bound ¢

Cross section of elemental reaction
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Cross section of elemental reaction

¥ Cross section of elemental reaction
1 / d&*p,  &Ipy  dPq, dq,
2F - (2m)°2FE, (27)°2Ey (27)° (2m)3
x |[M((7*He) — Xiv-tn) \2(%)46(4) (pr + PEe— Py

OUtn —

1 Amplitude
M ((7*He) — x}v,tn)
= (tn ¥} vy | Ling| He 7)
= (tn|J*["He) (X} vr|jul7)

leptonic part; calculated straightforwardly J
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Cross section of elemental reaction
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*He/ D excluded

oLi/Li excluded
excluded
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Left-Right mixing of stau, sin 6¢
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Collider signal (flavor violating)
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Lifetime in gravitino DM scenario

. m2
(7 —» Gr) ~ : 1=
s

Lifetime (decay length) of Nelfgsf? Fosrf%; — 100 GeV ,

MeV GeV
——1

sec day
1

No In-flight decay,
but maybe accessible.

From Hamaguchi-san’s slide



