Detecting metastable staus @ ILC

Gravitino dark matter
Felix Sefkow on behalf of Hans-Ulrich Martyn

> Cold Dark Matter in universe Qprv = Pom/ Perit = 0.23

> CDM SUSY candidates, neutral LSP
- neutralino X  mgo = O(100 GeV)
— gravitino G mé = O(10 — 100 GeV)
— axino a = O(keV — MeV)
> Identification of G via NLSP decay #H — G
— 7 may be long-lived  t ~ O(10* — 10% s)
— Expt challenge detectability of metastable 7 and G atILC
—> Observables msz, tz, mga, Ja

review: J Feng, ‘Superymmetry and Cosmology’, hep-ph/0405215
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(7 dark matter

e Mass scales set by SUSY breaking scale F' and scale M,,, of mediating interaction
o 5 F _ —1/2 ~ 18
meg = \/_3—]\413, M Fy TN~ M Mp = (87G ) ~ 2.4.10"° GeV
e Typical SUSY scenarios

mSUGRA M,,, = Mp

high FF ~ 10?21GeV?
GMSB

low F ~ 10°GeV?
M,, ~ 10'7GeV high F ~ 1029GeV?

meg ~ TeV...GeV
meg ~ keV

meg ~ GeV

M,, ~ 10°GeV
YMSB
eG=LSP = NLSP=1¢, ,X°

e Dominantdecay 7 — TG long lifetime

4
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te o~ 3.6-108s[100GeV] [mG]

mz — Mg 1 TeV
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e G interesting dark matter candidate
freeze out of WIMPs, NLSPs from thermal equilibrium ~ me,{(ocav) ~ H
temperature T' ~ m /30 m = 300GeV, T = 10GeV timet ~ 107 5%s

e Production of metastable [N LS P = T during inflation density 2z
delayed T decays lead to G dark matter ~ relic density Qg5 = (mg/mz) Q:

e Big Bang Nucleosynthesis (t ~ 1 s) should not be destroyed during reheating after
inflation or by hadronic decays 7 — 724G = lifetime M2/M3_ . ~ 10* — 10%s
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W Buchmitiller et al, hep-ph/0402179, hep-ph/0403203, J Feng et al, hep-ph/0404198, hep-ph/0404231
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GDM scenarios

GMSB A, M,,, N,,, tan(3, u
mSUGRA  mygo, M; /2, Ag, tan 3, sign
in general Mmg3/2 = Mg free parameter

tighter definition mg/;, = Mgy INnGDM €, (, 7

500

100

= -
Tea,

FS 600: J Feng, B Smith hep-ph/0409278

GDM: A De Roeck et al, hep-ph/0508198
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T ID in LDC detector

T identification

1. heavy ionisation in TPC 7450 2]
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Range R of a heavy particle, mass M,
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due to ionisation loss 20000 |
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T decays & G detection

e Trigger isolated 7"/7' decay in detector T —evy  Be =17.8%
any time — not correlated to beam collision T—pvv By =17.4%

.. ] ) ~ T — TV = 11.1%
origin — associate to list of stopped 7°s r— pv B, — 25.4%
spatial resolution, granularity good enough? T — 3nrv Bsp = 19.4%

e Lifetime clean signature: large energy release in HCAL, pt in HCAL & yoke
handling detector-off times

e Gravitino mass hadronic 7 energy spectra (leptonic decays less useful)
E. = ETe, = (m2 — m% —m2)/2m;
restricted to E/HCAL? iron yoke resolution good enough?

e TestPlanck scale Mp ms,tz,ms = Mp

e Gravitino spin -~ — 7T correlations in 7 — T’yé’
extremely small rate, 7y ID & resolution experimental challenge!

e Background Ilow & manageable

cosmic rays, CC interactions from atmospheric neutrinos
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mo = 20 GeV tan3 = 15

MSUGRA scenario GDM €
M, /2 = 440 GeV  sign p+

= 157.6 GeV, mg = 20 GeV, tz = 2.6 - 10° s Ap = 25 GeV

Case study L = 100fb™ @ \/g — 500 GeV 3000 —————
osusy = 3001tb
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MSUGRA scenario GDM €

Large samples of stopping T

TPC
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MSUGRA scenario GDM €

T lifetime measurement
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MSUGRA scenario GDM €

T decay spectra
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MSUGRA scenario GDM €

G mass measurement (00 Mo = 20 GeV
T [ T
Fits to spectra F/,, and E3, ® data
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GMSB scenario SPS 7

mz = 124.3 GeV, mgs = 0.1 GeV, £tz = 210 s
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MSUGRA scenario FS 600

m;z = 219.3 GeV, mgs = 50 GeV, tz = 3.610° s
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MSUGRA scenario GDM (

m; = 340.2 GeV, mg = 100 GeV, t; = 1.810° s .5,

Case study £ ~ 1000fb™' @ /s = 800 GeV ZOOOE ]
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GDM scenario results

msz [GeV] tz [s] meg(T'z) mea(Er)  +/s[GeV] L [fb™]
SsPs7 124.3 £ 0.1 209.3 + 2.4 0.1 £ 0.001 <9 410 100
FS600 219.3+0.2 (3.6 +0.1)10° 50 £+ 0.7 50 + 9 500 250
GDMe 157.6 £0.2 (2.6 + 0.05) 10° 20 £ 0.2 20 +4 500 100
GDM(¢ 340.2 +£0.2 (1.8 £ 0.06) 10° 100 £ 2 100 4 10 800 1000

> Abundant 7 production at ILC directly and via cascade decays
— accurate measurement of m s with moderate luminosity

> Proper choice of /s

— large samples of stopping 7’s in HCAL & yoke

_ accurate determination of 7 lifetime — G mass at percent level
degrading for t; larger than a few years

— direct measurement of G mass at 10% level in HCAL may be feasible
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Calorimeter requirements

HCAL absorber material Fe Ay = 16.6cm, Xg = 1.76 cm 2cm plates: 0.12 A\, 1.14 X
e Trigger & DAQ e Spatial resolution of vertex position
T decay within / out of bunch train lateral & longitudinal
threshold? cosmics rejection, overlapping vertices

must be permanently sensitive _ _
® |ron yoke instrumentation

e Energy resolution doubling the stopping power
inclined particles wrt absorber plates useful for trigger — T lifetime measurement
apply weighting techniques ok for muons

_ hadron energy measurement?
e Containement & acceptance

decay vertex anywhere in HCAL > Calorimeter designs should be
fiducial volume and directional cuts? prepared to detect metastable sleptons
leaving and reentering particles?

e Particle ID

7T:|:V36VS")/

charge meas. to reject cosmics?
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Summary

e A heavy gravitino (& is an interesting dark matter candidate
No chance for direct detection in astrophysical experiments

e |f kinematically accessible a gravitino should be observable at future
colliders via decays of metastable sleptons
#H— 7G (and similar e, )
ILC environment superior to LHC

e Abundant 7 production at ILC directly or via cascades

e Excellent experimental potential already with modearte luminosities

— identifying & stopping heavy T’s dm;z ~ O(1073%)
— measuring lifetime of metastable 7’s otz ~ 0(10_2)
— determining G mass from T recoil spectra Odmg ~ (’)(10_1)

> Access to Planck’s resp Newton’s constant!
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