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Gravitino と SUSY models



Standard Model



(1) solves the naturalness problem
(2) leads to coupling unification
(3) has dark matter candidate 
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Gravitino
Gravitino Interaction: extremely weak

suppressed by          (or                     )

Gravitino Mass                        : model dependent
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NLSP (Next-to-Lightest SUSY Particle)

In Gravitino LSP scenario, the NLSP decay 
always include the gravitino.
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NLSP (Next-to-Lightest SUSY Particle)

In Gravitino LSP scenario, the NLSP decay 
always include the gravitino.
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For a slepton NLSP,.....
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Gravitino と Cosmology



Gravitino と Cosmology

初期宇宙論的には寿命が
１秒を超えたら “Long-lived”



どこかで
DM生成



１秒より前の
シナリオは色々
工夫出来る

１秒より後は
余計な事しちゃダメ

どこかで
DM生成



Gravitino Problems

Sorry, I drop references.

(gravitinoがLSPの場合)
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gravitino と cosmology 

•実は、gravity-MSB（mSUGRA 含む）は　
宇宙論的には非常に苦しい。

• naive な宇宙シナリオを考えると、        　　
mG > 10 TeV (AMSB or mMSB) と,     
mG < 10 eV /mG ̃ 1GeV（GMSB) が楽。

• ただし他の領域も exclude されているワケではなく
inflation model を工夫して、再加熱温度も下げて

baryogenesisも低温のを選んで・・・ と１秒より
前の初期宇宙シナリオを工夫（無茶）すれば何とかな
ります。

• 逆にLHC で LSP (gravitino or not) や
NLSP の性質が分かれば、宇宙論に強い制限！



Gravitino LSP と LHC での物理

コライダー的には寿命が
cτ= O(1mm - 10m) なら(?) “Long-lived”

cτ > O(100m) なら “stable”

と NLSP
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NLSPの寿命を測る事が重要なターゲット

= SUSY breaking scale                           を測る事

(= gravitino mass         を測る事)

F =
√

3 m eGMP

m eG
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We will see long-lived charged particle (like muon).
τ̃τ̃

Spectacular events!   
Many SUSY informations can be obtained! 

Fig. from CMS webpage Fig. from ATLAS webpage 

But,..... we cannot see the stau decay (and gravitino)

Long-lived staus @ LHC
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test of SUGRA

プランクスケールが LHC で測れる ?!
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Let’s se
e what th

e LHC will find..... ! 



中には detector 内で止まって、遅れて崩壊するやつも
居るはずです。（beta < 0.4 くらい。遅すぎる？）

τ̃

質問！

τ̃
τ G̃

何とかしてこいつら identify 出来ないでしょうか？

(cf. Dimopoulos達の “stopping gluino” (at ATLAS) hep-ph/0506242)
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Fig. from Hamaguchi, Kuno, Nakaya, Nojiri ’04
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If thick enough, part of produced staus may be stopped.
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[ De Roeck, Ellis, Gianotti, Moortgat, Olive, Pape’05 ]
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Only this type 
can identify the timing and position of 

the stopping stau precisely.



stopper = detector??
Hamaguchi, Kuno, Nakaya, Nojiri, ’04



stopper = detector??
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High segmentation is crucial to reduce 
the background...

High segmentation Low segmentation



stopper = detector??

τ̃
τ̃

τ̃

τ̃

τ̃

τ̃

cf. 
 atm. neutrino CC event < 1 event/kton/year ➔ OK.
 charged particle at the surface of detector < 1/cm2/sec (?)

   ==> For SOUDAN II type detector, this corresponds to 
   < 10% dead time of drift tube ➔ OK.

High segmentation is crucial to reduce 
the background...



BBN bound: 
(1) gravitino LSP + neutralino NLSP

Fig. from Feng, Su, Takatama, ’04

Very severe! m eG < O(0.01 − 1)GeV

back

keynote:/Users/hama/Desktop/TALKS/2007/0707b-KEK/LGandDM.key?id=BGSlide-6
keynote:/Users/hama/Desktop/TALKS/2007/0707b-KEK/LGandDM.key?id=BGSlide-6


BBN bound: 
(3) gravitino LSP + sneutrino NLSP

Fig. from Kanzaki, Kawasaki, Kohri, Moroi,’06
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backBBN bound: 
(2) gravitino LSP + stau NLSP

Fig. from Kawasaki, Kohri, Moroi, hep-ph/0703122
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