
*A
ST
RO
-P
H/
06
∣0
77
5*

 DESY 06-193
ar

X
iv

:a
st

ro
-p

h/
06

10
77

5 
v1

   
26

 O
ct

 2
00

6

Supersymmetry on the Ro
ks DESY 06-193Markus AhlersDeuts
hes Elektronen-Syn
hrotron DESY, Notkestra�e 85, 22607 Hamburg, GermanyE-mail: markus.ahlers�desy.deAbstra
t. In R-parity 
onserving supersymmetri
 (SUSY) models the lightest SUSY parti
le(LSP) is stable and a 
andidate for dark matter. Depending on the 
oupling and mass of thisparti
le the life time of the next-to-lightest SUSY parti
le (NLSP) may be large 
ompared toexperimental time s
ales. In parti
ular, if the NLSP is a 
harged parti
le and its de
ay lengthis of the order of the Earth's diameter Cherenkov teles
opes might observe parallel muon-liketra
ks of NLSP pairs produ
ed in neutrino-nu
leon intera
tions in the Earth's interior. We haveinvestigated two SUSY s
enarios with a long-lived e� NLSP and a gravitino LSP in view of theobservability at the I
eCube dete
tor.1. Introdu
tionThe intera
tions of high energy (E & 1 PeV) 
osmi
 parti
les with the Earth matter are aprobe of physi
s beyond the TeV s
ale. It was pointed out by the authors of Ref. [1℄ that underfavorable 
onditions a hypotheti
 
harged parti
le emerging from neutrino-nu
leon intera
tionsin the Earth's interior 
ould give rise to an appre
iable rate of muon-like tra
ks in Cherenkovteles
opes. The underlying 
ux of high energy neutrinos is expe
ted from photopion pro
essesof high energy protons with the 
osmi
 mi
rowave ba
kground (
osmogeni
 neutrinos) [2, 3℄ orwith the ambient photon gas of 
osmi
 a

elerators [4, 5℄. For the observability of these newparti
les at neutrino teles
opes the low produ
tion 
ross se
tion and the small bran
hing ratio
ompared to Standard Model (SM) pro
esses has to be balan
ed by a suÆ
iently long life timeand a low energy loss in matter.2. Supersymmetry with a Long-lived Stau NLSPAttra
tive 
andidate s
enarios are supersymmetri
 (SUSY) extensions of the SM with R-parity
onservation. In these models the next-to-lightest super-parti
le (NLSP) 
an only de
ay into �nalstates 
ontaining the lightest super-parti
le (LSP) whi
h is stable. For a gravitino LSP with massm3=2 the de
ay length L of the NLSP in units of the Earth's diameter 2R� is approximately [6℄� L2R�� � � mNLSP100GeV��6� m3=2400 keV�2� ENLSP500GeV�: (1)Constraints from big bang nu
leosynthesis and the 
osmi
 mi
rowave ba
kground yield an upperlimit on the mass of a gravitino LSP between 10 and 100 GeV [7℄. Throughout our 
al
ulationswe will assume that the NLSP is the right-handed stau (e�R), the supersymmetri
 s
alar partnerof the right-handed tau, and treat this parti
le as e�e
tively stable 
orresponding to a gravitinomass m 3=2 & 400 keV.



Figure 1. The neutrino nu
leon 
ross se
tionof the SM 
ompared to 
ontributions fromneutralino and 
hargino ex
hange. Figure 2. The rate of parallel stau tra
ksthrough a neutrino teles
ope like I
eCube interms of the neutrino energy.Due to R-parity 
onservation neutrino-nu
leon intera
tions will allways produ
e pairs ofsuper-parti
les, whi
h then promptly de
ay into long-lived e�R NLSPs. It was argued in Ref. [8℄that the rate of single stau events is subdominant 
ompared to the 
ux of muons, even for themost optimisti
 
ase of very light squarks with masses around 300 GeV. This is 
onne
ted tothe fa
t that tra
ks of high energy staus in a Cherenkov dete
tor will look like low energy muonswhi
h have a mu
h larger rate. Instead, a promising signal 
ould be the observation of staupairs whi
h might show up as parallel tra
ks in the dete
tor due to their large boost [1℄. Inthe following se
tions we will give a short review of the 
al
ulation of this e�+e� 
ux through aneutrino teles
ope su
h as I
eCube [9℄ and 
omment on some phenomenologi
al aspe
ts.3. Produ
tion and Propagation of Stau PairsCosmi
 neutrinos are exposed to SM 
harged and neutral 
urrent intera
tions in the Earth matterbefore they might undergo a supersymmetri
 pro
ess at some distan
e l to the observer. Wetake these intera
tion into a

ount by an exponential attenuation of the initial di�use neutrino
ux F� along the line of sight �dz = n(~x)dl using the Earth's nu
leon density n = �=mp shownin Ref. [10℄. The integrated 
olumn depth of the Earth, z�, depends on the nadir angle � andthe depth of the dete
tor 
enter below the horizon, whi
h we �x at 1:9 km 
orresponding to theI
eCube dete
tor [9℄. For the (yet unknown) high energy 
osmi
 neutrino 
ux we will adopt asa ben
hmark the Waxman-Bah
all 
ux of neutrinos from opti
ally thin sour
es given in Ref. [4℄:E2� FWB(E�) � 6�10�8 
m�2 s�1 sr�1GeV (all 
avor).The leading order supersymmetri
 
ontribution in deep inelasti
 s
attering (DIS) o� nu
leons
onsists of slepton el and squark eq produ
tion via 
hargino � or neutralino �0 ex
hangebetween neutrinos and quarks. The partoni
 
ross se
tions 
an be found in Refs. [1, 8℄.We have analyzed two di�erent SUSY mass spe
tra with a long-lived e�R NLSP whi
h wedenote by \min em", a s
enario with super-parti
le masses just above the experimental limitsm� = m�0 = mel = 100 GeV and meq = 300 GeV, and \SPS 7" with SUSY masses 
orrespondingto the ben
hmark point SPS 7 [11℄. The resulting neutrino-nu
leon 
ross se
tion is shown inFig. 1. Here and in the following we have used the CTEQ6D parton distribution fun
tions



Figure 3. The distribution of stau pairswith respe
t to their tra
k separation in aCherenkov dete
tor. Figure 4. The rate of stau pairs with respe
tto the nadir angle � 
ompared to single muonevents.fj(x;Q2) [12℄.We assume that the emerging sleptons and squarks will promptly de
ay into the e�R NLSPwith an average energy of hEe�iel=Eel = 0:5 (1:0) and hEe�ieq=Eeq = 0:3 (0:5) for the \SPS 7"(\min em") mass s
enario, respe
tively. This determines the average energy loss range hze�iel=eq ofthe staus whi
h has been studied in great detail in Refs. [13, 14, 15℄. To �rst order, the staurange s
ales linearly with the mass me� and is about three orders of magnitude larger than therange of muons with the same energy. In our 
al
ulations we have used an approximation ofze� from Ref. [13℄ for staus with energy Ee� > 4�105GeV�(me�=150GeV). Below this energyionization losses dominate and were used in the 
al
ulation. For a given nadir angle the maximalrange zmax of an observable stau pair is then the lesser of z�, hze� iel, and hze� ieq.The 
ux of stau pairs through the dete
tor from the de
ay of the emerging slepton and squarkis then given byd4Ne�+e�dt dA d
dE� � Xparton j EmaxZEmindEel zmaxZ0 dz 1Zxmindx fj(x;Q2)� d2�SUSYdx dEel �F�(E�)�e�(z��z)�SM : (2)Fig. 2 shows the result of Eq. (2) for the two SUSY mass s
enarios \min em" and \SPS 7"
ompared to the rate of single muon events through the dete
tor.4. Dete
tion Rate at Neutrino Teles
opesNot all of the stau pairs (Eq. (2)) might be seen as separable tra
ks in a Cherenkov teles
opeif they emerge from intera
tions too 
lose to the dete
tor. As an estimate we use the openingangle Æ between the slepton and squark in DIS to 
al
ulate the separation of stau tra
ks in thedete
tor: x = 2 l tan(Æ=2). In Fig. 3 we show the distribution of stau tra
ks a

ording to theirdistan
e in the dete
tor. In Tab. 1 we show the absolute rate at a 
ubi
 kilometer neutrinoteles
ope su
h as I
eCube for di�erent dete
tor resolutions.The distribution of stau pairs a

ording to the nadir angle � is shown in Fig. 4. It re
e
ts theexponential attenuation of the 
ux of neutrinos depending on the integrated 
olumn depth of



Table 1. Rates of upward-going stau pairs for two di�erent SUSY mass s
enarios and di�erentdete
tion thresholds of the tra
k separation x.Rate of e� pairs [ yr�1 km�2 ℄S
enario total x > 10 m x > 50 m x > 100 mmin em 12 9 5 2SPS 7 0.19 0.14 0.07 0.03the Earth (z�) in the line of sight. The steepening of the di�erential rate below 33Æ is an e�e
tof the dense inner 
ore of the Earth. Most of the stau pairs arrive from about 85Æ with respe
tto nadir. The suppression at larger nadir angles is due to the small 
olumn depth of the Earth,z�, 
ompared to the energy loss range of the staus.On 
ompletion the I
eCube dete
tor will 
onsist of 80 strings separated by 125 m [9℄, whereea
h string 
arries 60 opti
al modules separated by about 17 m. Sin
e most of the stau pairswill arrive from about 5Æ below the horizon an e�e
tive dete
tor resolution of 50� 100 m withrespe
t to their separation seems possible.5. Con
lusionsLong-lived 
harged parti
les from a new physi
s se
tor may produ
e alternative signals atCherenkov teles
opes even if their produ
tion 
ross se
tion and bran
hing ratio is very small.Attra
tive 
andidate s
enarios in
lude supersymmetry with e�R NLSPs and gravitino LSPs. Forour 
hoi
e of supersymmetri
 mass spe
tra and neutrino 
uxes an observation of stau pairs at arate of a few per year is possible (see Tab. 1). However, 
urrent bounds [16℄ on the di�use 
uxof high energy neutrinos are about one order of magnitude above the Waxman-Bah
all 
ux [4℄and an improvement of the results by a fa
tor �10 is possible.A
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