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Outline 
•  Nature of LSP in SUGRA Models: Bino, Higgsino or Wino 
•  DM Constraints on Bino & Higgsino LSP in mSUGRA Model 
•  Implications for Bino LSP Signals at LHC 
•  SUGRA Models with Nonuniversal Gaugino Masses 

•  Bulk Annihilation Region of Bino LSP in 1+24, 1+75 & 
1+200 Models : Implications for DM and LHC Expts. 

•  Mixed Bino-Higgsino & Bino-Wino-Higgsino LSP in 1+75 
and 1+200 Models : Implications for DM and LHC Expts. 

•  Wino and Higgsino LSP in AMSB Model:Implications for DM 

SU (5)! 24!24 =1( !B)+ 24( !B)+75( !H )+ 200( !H ) : gaugino!mass



Nature of the Lightest Superparticle (LSP) in SUGRA Models: 
Astrophysical Constraints ⇒ Colourless & Chargeless LSP 
Direct DM Detection Expts ⇒ LSP not Sneutrino 

ud HcHcWcBcLSP ~~~~
4321

0
1 +++=≡→∴ χχ

Diagonal elements : M1, M 2, ±µ in the basis ud HHHWB ~~~&~,~ 2,1 ±=

Nondiagonal elements < MZ 

Exptl Indications ⇒ M1, M  2, µ > 2MZ in mSUGRA HorWB ~~,~≅⇒ χ

Exception : Mii ≈ Mjj ⇒ tan 2θij = 2Mij / (Mii – Mjj) large  HWHB ~~,~~
−−=⇒ χ

“Well-tempered Neutralino Scenario”  Arkani-Hamed, Delgado & Giudice 



DM Relic Density Constraints on Bino & Higgsino LSP Scenarios of 

mSUGRA: SUSY Br in HS communicated to the OS via grav. Int. 
         ⇒ m0 , m ½ , tanβ, A0 , sign (µ)  at GUT scale ( A0 = 0 & +ve µ) 

RGE ( Weak Sc masses) 
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RGE:  

Hyperbolic Br (tan β > 5) of µ 2 : 

Imp Weak Sc Scalar mass MHu 

(LEP) 

m0 ! m1/2 " µ >M1"
!B : LSP

m0 >>m1/2 " µ #M1"
!B$ !H :Mixed $ LSP.or. !H : LSP



Chattopadhyay et al 
m0 ~ m1/2 → TeV (Bino LSP) 
 
 

mh > 115 GeV ⇒ m1/2 > 400 GeV (M1>2MZ) 
                                   ⇒ also large sfermion mass  

Bino does not carry any gauge charge 
⇒ Pair annihilate via sfermion exch  

B~

B~
f~

f

f

Large sfermion mass ⇒ too large Ωh2 

Except for the stau co-ann. region 
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Bino LSP Signal at LHC : 

!q !q! qq!!! jj "T ; !g !g! qqqq!!! jjjj "T
Canonical Multijet + Missing-ET signal with possibly additional jets (leptons) from cascade 
decay (Valid through out the Bino LSP parameter space, including the Res.Ann  Region)  

Focus Point Region:  
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Chattopadhyay et al, PLB 2000  

ljetsb T )41(4 −+∉++SUSY Signal at LHC: 
Focus Pt. Region 



Guchait & Roy, PLB ‘02 

µ >0 

µ<0 

τ~Co-annihilation region 

χτττνχ

χτ

→→

≅
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mm

BR ≈ 1 BR = 1 

τ is soft, but Pτ≈+1 

One can use Pτ to detect the  
Soft τ coming from 

.~
1 χττ →

χχ ≡≡ ±
111
~,~ ZW



:0

jet

s
−

±± →
τ

ππντ 1-prong hadronic τ decay (BR≈0.5) 

jetp
p

R
−

±

=
τ

π

With pT > 20 GeV cut for the τ-jet the τ misid. Probability 
from QCD jets goes down from 6% for R > 0.3 (pTπ±> 6 GeV) 
 to 0.25% for R > 0.8 (pTπ± > 16 GeV), while retaining most 
Of the signal.  



Soft τ signal from  !!1! !" decay in the co-annihilation region ( )1
m mτ χ≅%

Godbole, Guchait and Roy, PRD ‘09 



N(15-25 GeV)/N(25-40 GeV) = 2.3 for Signal and 1.0 for BG.  
 
So the steep rise of the Signal at the low PT end can be used to  
distinguish it from the BG and also to measure the small mass 
difference   

1
10 .m m m GeVτ χΔ = −% ;



Nonuniversal gaugino mass models of SUGRA 

Mi
G !M !i "

FS ij

MPl

!i! j ;i& j =1,2,3

SU (5) : FS # 24$ 24 =1+ 24+75+ 200

FS =1%M1,2,3
G =m1/2 (Universal)%M1 & 0.4m1/2 < µ & 2m1/2 : !B' LSP

FS = 24%M1,2,3
G = ('1 2,'3 2,1)(m1/2 % M1 & 0.2m1/2 < µ : !B' LSP

FS = 75%M1,2,3
G = ('5,3,1)(m1/2 % M1 & 2m1/2 > µ% !H ' LSP

FS = 200%M1,2,3
G = (10,2,1)(m1/2 %M1 & 4m1/2 > µ% !H ' LSP

µ 2 +MZ
2 / 2 & '0.1m0

2 + 2.1M 3
G2 '0.2M 2

G2 +0.2M 3
GM 2

G

Chattopadhyay & Roy, Huitu et al, Anderson et al, … 

1 24,75,200(1 )SF F Fκ κ= − +



Bino LSP in Non-universal 
Gaugino Mass Model 

M3 = 300, 400, 500 & 600 GeV 

King, Roberts & Roy, JHEP 07 

Bulk annihilation region of 
Bino DM (yellow) allowed in  
Non-universal gaugino mass 
models  



Light right sleptons 
Even left sleptons lighter than Wino 
=>Large leptonic BR of SUSY 
Cascade decay via Wino at LHC 

γχχ ++⎯→⎯+ −+ eee~0
1

0
1

Hard Positron Signal (PAMELA?) 



1 75
1/2 1/2 1/2(1 ) ; 0.475m m mκ κ κ= − + =

Mixed bino-higgsino LSP (DM) 
1+75 Model 
Chattopadhyay, Das & Roy, PRD 09 



1 200
1/2 1/2 1/21 200 (1 ) ; 0.12Model m m mκ κ κ+ ⇒ = − + =

Mixed bino-wino-higgsino LSP (DM) 



χ 

χ 
1. Direct Detection (CDMS, XENON,…) 

Ge 

H 

Spin ind. 

Ge 
ud HcHcWcBc ~~~~

4321 +++=χ

4,32,1
2
4

2
3 & ccgccg HZ ∝−∝ χχχχ

                            
              

Bino, Higgsino & Wino LSP Signals in Dark Matter Detection Expts 

2. Indirect Detection via HE ν from χχ annihilation in the Sun (Ice Cube,Antares)  

χ 

χ 

p 

p 

Z 
Spin dep. 

R!!
ann. = R!

trap !" ! p ! gZ!!
2 ! (c3

2 " c4
2 )2

#OK. for! =mixed( !B" !H )
# Not. for! $ !B, !W & !H % !Hd ±

!Hu

Best for mixed DM → 

Not for pure bino, wino or higgsino DM 

! ! "B / !W ! !H



Roy, PRD ‘10   
(α75 ≡ κ) 

Fig 1. Prediction  of the (1+75) model 
compared with the putative signal 
corridor of the two candidate events 
of the CDMS II expt. The blue dots  
denote the WMAP DM relic density 
compatible points. 

Low gluino mass (≤ 800 GeV) => Viable LHC Signal at 7 TeV. 



Fig 2. Prediction (1+200) model prediction 
with the putative signal corridor, corresponding 
to the two candidate events of the CDMS II expt. 
Blue dots correspond to the points, compatible 
with the WMAP DM relic density. 

Inverted Hierarchy => Decay of the gluino pair via stop 
⇒ 3-4 top quarks in addition to the missing- ET  (like the focus pt. region) 
⇒ Multiple isolated leptons and b-tags + missing-ET . 
⇒ Gluino mass of 2.0-2.5 TeV requires LHC run at 14TeV 

(Other squark masses are in the 2000-2200 GeV range) 



Guchait, Sengupta & DPR 
PRD 85, 035024 (2012) 











Wino LSP (mAMSB model) 

SUSY braking in HS in communicated to the OS via the Super-Weyl Anomaly Cont. (Loop)  
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RGE ⇒ M1 : M2 : |M3| ≈ 2.8 : 1 : 7.1 including 2-loop conts 



)3010(1:~&2.01.2:~
2 TeVmTeVLSPHTeVMLSPW −=≅−±=− φµ

Chattopadhyay et al,PRD 07"
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Robust results, independent of other SUSY parameters 
(Valid in any SUSY model with Wino(Higgsino) LSP) 



3. Detection of HE γ Rays from Galactic Centre in  
    ACT (HESS,CANGAROO,MAGIC,VERITAS) & ,H W Bχ ≅ % %%

χ 

χ 

χ+ 

W 

W 

χ 

χ 

χ+ 

W→π0s→γs vσ ~ 10-26 cm3/s 
⇒Cont. γ Ray Signal 
(But too large π0→γ from Cosmic Rays) 

W 

W 

W 

γ 

γ(Z)  

vσγγ~ vσγZ ~ 10-27-10-28 cm3/s 
⇒ Discrete γ Ray Line Signal (Eγ  ≈ m χ) 
      (Small but Clean) 

0,AB LSP bb b s sχχ π γ− ⇒ ⎯⎯→ → →%



Reconciling Heavy Wino DM Model with the Relic Density 
and PAMELA Data with Sommerfeld Enhancement: 

 Mohanty, Rao & Roy: IJMP A27, 1250025 (2012) 

W Wχχχ
± + −⎯⎯→

Enhanced by multiple W boson exchange ladder diagram (Sommerfeld Resonace) 
→ Increase of DM Annihilation CS and decrease of relic density at Resonance Peak 

Hisano,Matsumoto.Nojiri’03 
………………. 
Lattanzi,Silk ‘09 






