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Gravitino in supersymmetry

Gravitino mass set by SUSY breaking scale F of mediating interaction

ms,, = F/V3-Mp reduced Planck scale M, =2.4-1018 GeV
in general free parameter depending on scenario

Typical SUSY scenarios

gauge mediation, gaugino mediation, SUGRA m;,, ~ eV .. TeV
most interesting: gravitino LSP, stau NLSP m;,, = O(10-100 GeV)

Dominant decay + — G gravitational coupling, lifetime sec - years
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Gravitino dark matter

Cold dark matter in Universe QQ =~ 22%
€,,h% = 0.105 + 0.008 WMAP
Formation
freeze out of thermal equilibrium negligible

thermal production after reheating (inflation) 99 — gG.qg — ¢G ...
late decays of NLSP = WIMP §

Cosmological constraint

BBN (+~1s) should not be destroyed during reheating or by NLSP decays
stau bound states enhance Nucleon, Li production
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GDM scenarios & spectra

H-U Martyn

details of analysis

GMSE, Snowmass 02

m3UGRA, J Feng, B Smith 04
m3UGRA, A De Roeck et al 05
YMSB, W Buchmiiller et al 05
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Detecting staus & gravitinos

Identify & record stopping stau - stau mass LDC diTeCTOP
dE/dx ~ 1/p2 in TPC E % =
record location & time stamp | Yoke
Wait until decay > stau lifetime
F—1G huge energy release e I
Measure T recoil spectra - gravitino mass

E. = (m7—mZ)/2m> | HeAL
Rare radiative decays - gravitino spin
y-T correlations in T — T’}’é

Momentum acceptance for stopping particles TPC it
by =p/m<05 _ L
mz [37 (HCAL) 37 (Yoke) T R W#%‘#F%

125 GeV  0.41 — 0.46 0.52 — 0.59
250 GeV  0.33 — 0.37 0.42 — 0.48
375 GeV 0.29-0.33 0.37—0.41

LHC detectors not appropriate
additional absorber, calorimeter required

Gravitino not detectable in astrophysical expts
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MSUGRA scenario GDM ¢

Case study L=100 fb! @ 500 GeV
O5usy=300 fb (< 1 year data taking)

m;z = 157.6 GeV, mgs = 20 GeV, tz = 2.6 - 10° s

Clean signature > p~0Oand ) E < /s
completely reconstructed SUSY evts,

no SM bkg
Prolific stau production HCAL 4100
pairs & cascade decays Yoke 1800
ERER — €TTL ETTY o~ 3
[LRILR — WTTL (AT T o~ 3
)E[l})z[f — TT1 TT1 a ~ 43‘3
EREL — €TTY E)E%} o~ 3

500 GeV close to optimal energy for stau trapping
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MSUGRA scenario GDM ¢

Stau mass measurement
pair production ete — &7

m2 = E,2 - p?
p: = 192.4 4+ 0.2 GeV
= | mz = 157.6 & 0.2 GeV

Time of flight

time resolution at calorimeter ot =1ns
all candidates, large sample from cascades

m2 = (1/p2 - 1)-p?

> | 3m;, = 0.15 GeV
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MSUGRA scenario GDM ¢

Stau lifetime measurement
trigger isolated T decay in detector

any time - not correlated to beam collision
origin - associate to list of stopped staus

e,d, hinHCAL E > 10 GeV

y, h

in yoke

E> 10 GeV

t; = (2.59 +0.05) - 10° s

Gravitino mass from decay rate

assuming gravitational coupling

1 m2

T 1 _
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meg = 20.0 £ 0.2 GeV
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MSUGRA scenario GDM ¢

* 6ravitino mass measurement
T decay spectra v 2 pv & 3nv

mar
E-‘r—rhu

= (m2 —m%)/2ms

f eaSib/e if mgravif/ha > ~0' 1 msfau

me = 20 £ 4 GeV

Planck scale using {7, - and mg

4
. gD m2
vz o— tr M2 | meg
P T ~ 2 2
48T m & mz

Mp = (2.4 4 0.5) - 1018 GeV

SUSY breaking scale F ~ mgsMp

F = (8.340.1) - 10" GeV?
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Test of Supergravity

gravitino = superpartner of graviton
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MSUGRA scenario GDM ¢

* Case study L =1000 fb! @ 800 GeV, ogysy = 5 fb HCAL 1350
mz = 340.2 GeV, mg = 100 GeV, tz = 1.8 106 s Yoke 770
2500 ———— ] 50 [
\/E = 800 GeV GDM ¢ FE e s 100 Gev = 340 GeV
S = — 100 GeV
g

- ]
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340.2 £ 0.2 (1.84 0.1)10% 100 £ 10
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Gaugino mediation scenario P1

°* Case STUdY L =200 fb! @ 420 GeV . Osusy = 27 fb HCAL 3700
mz = 185.2 GeV, mgs = 50 GeV, t; = 9.110° s Yoke 4100
1200 — g0 —r 5
1 stau prod -~ - ® data o
o 0 . XMSBP1 - sen
chi  prod + 7 | mg; = 60 GeV .
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Case study L =100 fb! @ 410 GeV, g4,s, = 500 b

Gauge mediation scenario SPS 7

HCAL 10000
mz = 124.3 GeV, mg = 0.1 GeV, t; =210 s Yoke 4900
2500 ——————————————————— — 400 — .
\/E = 410 GeV SPS 7T o T 0w ms = 124 GeV
S T my = 10 GeT me = 0.1 eV 1
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Gravitino - or something else?

If direct mass measurement is not feasible, e.g. too light, the nature of the decay particle
remains undetermined, the £ — m g relation may not be applicable

A WL A= -~ = = (Y S R S [ S [ N S
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GDM scenario results

m; [GeV] t7 [s] me(Tz)  mg(Er) V/5[GeV] L[]
SPS 7 124.3 £+ 0.1 209.3 + 2.4 0.1 = 0.001 <9 410 100
FS 600 219.3 £+ 0.2 (3.6 + 0.1) 106 50 £+ 0.7 50+ 9 500 250
GDM € 157.6 £ 0.2 (2.6 &= 0.05) 106 20 £ 0.2 20+ 4 500 100
GDM ¢ 340.2 0.2 (1.8 &+ 0.06) 106 100 £+ 2 100 £+ 10 800 1000
GDM 7} 322.1 0.2 (6.9 +0.3) 104 20+ 0.4 20 + 25 800 1000
YMSBP1 185.2 4+ 0.1 (9.1 + 0.2) 106 50 £ 0.6 50 + 3 420 200
XMSBP3 102.5 4+ 0.2 (4.2 £0.1) 107 25+ 0.3 25+ 1.5 500 100

Large statistics samples with moderate integrated luminosity and
proper choice of cm energy (and beam polarisations)

stau mass O (0.1 %)
stau lifetime O(1%)
gravitino mass O (10 %) provided mg,,, > 0.1 mg,,

=> coupling: Supergavity if consistent with Planck, Newton constant
SUSY breaking scale
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Experimental challenges

* ILC timing structure
5 buchtrains per second, each 1 ms long

* LDC detector

readout of all ~2600 bunches, software trigger guarantees recording of
slow particles

pulsed operation of calorimeters foreseen (electronic heat consumption)
HV, readout structure: 2 ms sensitive - 198 ms idle - 2 ms sensitive ...

designed for usual beam-correlated physics scenarios, not for late
decays

> Concept has to be revised to be prepared for long-lived particles Il
Yoke - no problem, pulsed mode doesn't seem necessary
- lifetime measurement feasible, at expense of lower statistics
HCAL - R&D needed to increase duty cycle of readout electronics
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Conclusions

> A heavy gravitino is an interesting dark matter candidate,
no chance for direct detection in astrophysical experiments

» If kinematically accessible, a gravitino should be observable at
future colliders via decays of metastable sleptons

71 — TG (and similar e, [1)

» The ILC and its proposed detectors offer excellent possibilities
to determine the gravitino properties

mass, coupling, spin
with high precision, thus providing a unique test of supergravity
» ILC environment superior to LHC
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