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Muon Magnetic Moment

H = −⋅B ,  = g  e2m SH = −⋅B ,  = g  e2m S
g-factor

g = 2g = 2 tree

g ≠ 2g ≠ 2 loop

a = g−2/2a = g−2/2

a
exp
−a

SM
= {261±80 × 10−11

287±80 × 10−11
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 3 3a
exp
−a

SM
= {261±80 × 10−11

287±80 × 10−11



  

Muon Magnetic Moment

a ~
gnew

2

162

m
2 ~ 106 MeV 2


2

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a ~
gnew

2

162

m
2
~ 106 MeV 

2

2

a ~ EW contributiona ~ EW contribution

gnew = gweakgnew = gweak

 = 100 GeV = 100 GeV

SUSY (similar to WIMP arguments)



  

Muon Magnetic Moment
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chargino/sneutrino neutralino/smuon

aSUSY  ~
g2

2

162

m
2

msoft
2 tan

tan enhancement

aSUSY  ~
g2

2

162

m
2

msoft
2 tan

tan

m l , m 


±
, m 

0 ~ O100 GeVm l , m 


±
, m 

0 ~ O100 GeV



  

SUSY contributions
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 
1

±


=
g2

2

162

m

2
tan

M 2

× F  
2

m


2 ,
M 2

2

m


2 

 , M 2

 
1

±


=
g2

2

162

m

2
tan

M 2

× F  
2

m


2 ,
M 2

2

m


2 
 1

0

=

g2
2

162

m

2 M 1

m L

2 m R

2 tan × G mR

2

M 1
2 ,
mL

2

M 1
2  1

0

=

g2
2

162

m

2 M 1

m L

2 m R

2 tan × G mR

2

M 1
2 ,
mL

2

M 1
2 

Small enhance  
1

±


contribution 

Either left or right smuon has to be light

 , M 2
 

1
±

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 , M 2Small enhance  
1

±


contribution  , M 2  
1

±


ATLAS, trilepton, arXiv: 1402.7029
20 ifb luminosity
ATLAS, trilepton, arXiv: 1402.7029
20 ifb luminosity
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 , M 2Small enhance  
1

±


contribution  , M 2  
1

±


Dutta, Gurrola, Kamon, KS, Wang, Wu (2013) 

Berlin, Lin, Low, L­T Wang (2015)
Cirelli, Sala, Taoso (2014)

 ~ O400GeV , 5 , 1000 fb−1
 ~ O400GeV , 5 , 1000 fb−1

Cut and count, shape analysis
Dutta, Gurrola, Kamon, KS, Wang, Wu (2013) 

 ~ O 125 GeV , 1 % systematics ~ O 125 GeV , 1 %
Cut and count Berlin, Lin, Low, L­T Wang (2015)

Cirelli, Sala, Taoso (2014)

VBF
pp  2jETpp  2jET

2 VBF tagging jets,
b-veto, l-veto, central
jet veto 
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Either left or right slepton has to be light

ATLAS, dilepton, arXiv: 1403.5294
20 ifb luminosity

Reinterpret for Higgsino
LSP

M 1

M 2

~ 1, tan  10

Bino

M 1

M 2

~ 1, tan  10

lL l 1
0 Br~100%lL l 1
0 Br~100 %

 l 
1

± Br~30% l 
1

± Br~30%

Extra 30% gives little more reach

Near special points, branching may drop

Be conservative, use Bino limits

ATLAS, dilepton, arXiv: 1403.5294
20 ifb luminosity

Eckel, Ramsey­Musolf, Shepherd, Su (2014) Eckel, Ramsey­Musolf, Shepherd, Su (2014) 
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Either left or right slepton has to be light

Dutta, Ghosh, Gurrola, Kamon, KS, Wang, Wu (2014) 

VBF

pp  lL lL jj , lL jjpp  lL lL jj , lL jj

2j2lET , 2j1lET2j2lET , 2j1lET

b-veto, 2 tagging jets, 2 central leptons, Z-veto

CC, profile likelihood analysis of pT pT 
Dutta, Ghosh, Gurrola, Kamon, KS, Wang, Wu (2014) 
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Natural SUSY: light Higgsinos, light stops 

Stop-assisted chargino/neutralino production bounds

m t ~ O600 GeVm t ~ O600 GeV

ATLAS, 20 ifbATLAS, 20 ifb

m 1
0 ~ m 

1
±
~ O250 GeVm 1

0 ~ m 
1

±
~ O250 GeV

m t ~ O650 GeVm t ~ O650 GeV
m 1

0 ~ O220 GeVm 1
0 ~ O220 GeV
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Natural SUSY: light Higgsinos, light stops 

Stop-assisted chargino/neutralino production bounds

m 1
0 ~ 2m 

1
±
~ O400 GeV

m t ~ O600 GeVm t ~ O600 GeV
m 1

0 ~ 2m 
1

±
~ O400 GeV



  

tan=10, M 2=2 tan=40, M 2=2tan=40, M 2=2

tan=40, M 2=1TeVtan=40, M 2=1TeV tan =40, M2=1TeV ,m L~mRtan =40, M2=1TeV ,m L~mR
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tan=10, M 2=2



  

tan =40, =2M 2, M1=
1
2
M2tan =40, =2M 2, M1=

1
2
M2 tan =40, =2TeV , M1=

1
2
M2tan =40, =2TeV , M1=

1
2
M2
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tan =10, =M2=5 TeV , mL=mRtan =10, =M2=5 TeV , mL=mR
tan =40,=3TeV ,tan =40,=3TeV ,

M2~750GeV , M1~mLM2~750GeV , M1~mL
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Blind spots/Crevices

t  b  1
± ∗  b l  l b l 1

0

Competitive

M 2~750GeV ,~3TeVM 2~750GeV ,~3TeV

M 1~mLM 1~mL coannihilation

Acceptable b-jet 
efficiency even in 
compressed regions?

t  b  1
± ∗  b l  l b l 1

0



  

Spectrum

Preselections

2 leptons pT  10 GeV 2 b-jets pT  30 GeVpT  30 GeVpT  10 GeV
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Leptons pT l1  50 GeV , pT l2  25 GeVpT l1  50 GeV , pT l2  25 GeV

b-jets pT b1  60 GeV , pT b2  40 GeVpT b1  60 GeV , pT b2  40 GeV

Missing energy ET /M eff  0.25ET /M eff  0.25

Cut flow
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Mass reach 

Systematics + Shape Analysis

O100 GeVO100 GeV reduction in mass reach for 3 percent 
systematics 
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Muon magnetic moment

tan ~ O10 
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Slepton searches, dilepton channel

Chargino searches, trilepton channel

tan ~ O10 

tan ~ O 40tan ~ O 40

Stop-assisted production: most of parameter space
                                              will be probed

Compressed stop decay through off-shell chargino

Close out remaining parameter space

A stop discovery would make life much, much simpler



  

Until that happens, crucial searches:
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Pure Higgsino/Wino 

Pure slepton, compressed

Compressed stop searches



  

CMS Leptoquark Search



  

CMS First Gen Leptoquark Search

CMS-PAS-EXO-12-041 eejj final state

Kuver Sinha Syracuse University

Queiroz, KS, Strumia (arXiv: 1409.6301)



  

CMS First Gen Leptoquark Search
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Queiroz, KS, Strumia (arXiv: 1409.6301)

550 GeV LQ (eejj)

NLO QCD  = 43 fb = 43 fb

Cut efficiency  49%

Expected events @ 20 ifb: 411

Observed excess over background: 14

Branching ~ 15%

Kramer, Plehn, Spira, Zerwas (1996, 2004)Kramer, Plehn, Spira, Zerwas (1996, 2004)
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Backgrounds: 

Preselection with 

Z /W j , t t jZ /W j , t t j

Cuts

 veto

Invariant mass mee  155 GeV

Scalar sum of pTpT for ee

and two leading jets

mej
min

(LQ mass reconstruction)

mee  155 GeV

ST  850 GeV

mej
min  360 GeV

ST  850 GeV

mej
min

mej
min  360 GeV



  

Scalar LQs

}
S1QQ, S1ud
S3QQ
S1uu

Proton decay prefers doublets

S1QQ, S1ud
S3QQ
S1uu

Syracuse UniversityKuver Sinha

Buchmuller, Ruckl, Wyler (1986)Buchmuller, Ruckl, Wyler (1986)

Arnold, Fornal, Wise (2013)Arnold, Fornal, Wise (2013)



  

Doublets need Z 3Z 3

R2 = 3,2,1 /6 engineer decay to dark matter

 = 1,3,0−
S = 1,1,0 −

dark sector with Y=0

R2 = 3,2,1 /6

 = 1,3,0−
S = 1,1,0 −

Y=0
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Matter content R2 = 3,2,1 /6

 = 1,3,0−
S = 1,1,0 −

Lagrangian

Dark Sector

Variations  = 1,1,0−
S = 1,1,0 −

1 ~ 1TeV , h ~ 1

LQ MET + jets 

 = 1,1,0−
S = 1,3,0 −

R2 = 3,2,1 /6

 = 1,3,0−
S = 1,1,0 −

1 ~ 1TeV , h ~ 1

 = 1,1,0−
S = 1,1,0 −

 = 1,1,0−
S = 1,3,0 −

Syracuse UniversityKuver Sinha



  

Triplets: ruled out by indirect detection

Singlets: will be ruled out by direct detection
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search:

2.8

ppW R e N e eejj

Bai, Berger (2014), Dobrescu, Martin (2014), etc. 

W RW R ppW R e N e eejj

2.8 excess Bai, Berger (2014), Dobrescu, Martin (2014), etc. 

LHCb anomaly in RK=
Br B K 

Br BK ee 
=0.745RK=

Br B K 

Br BK ee 
=0.745

Schmaltz, Hiller (2014)Schmaltz, Hiller (2014)

IceCube neutrino flux
Barger, Keung (2013), Dutta, Gao, Li, Rott, Strigari (2015) Barger, Keung (2013), Dutta, Gao, Li, Rott, Strigari (2015) 

CMS dilepton edge anomaly
Allanach, Alves, Queiroz, Sinha, Strumia (2015)Allanach, Alves, Queiroz, Sinha, Strumia (2015)



  

CMS Dilepton Edge Anomaly 



  

CMS Dilepton Edge Search

eeee e ee e

CMS PAS SUS-12-019

N j ≥ 2N j ≥ 2

2 oppositely 
signed leptons

MET ≥150GeVMET ≥150GeV

Syracuse UniversityKuver Sinha



  

Lagrangian

1 ~ 1TeV , h ~ 1

LQ MET + jets 

1 ~ 1TeV , h ~ 1

Kuver Sinha Syracuse University

CMS l l− j j ETl l− j j ET CMS eejj , e  jjeejj , e  jj



  

Constraints
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CMS, ATLAS j ETj ET

search

m qm q

m 
0m 
0

mSm300GeVmSm300GeV

mLQmLQ
CMS l l− j j ETl l− j j ET

mS−m~20−40GeVmS−m~20−40GeV

CMS eejj , e  jjeejj , e  jj

Br ej ~ 0.15Br ej ~ 0.15



  

Cuts

Kuver Sinha Syracuse University

2 OSSF leptons pT  20GeVpT  20GeV in   1.4  1.4

≥ 2 j≥ 2 j with pT  40GeVpT  40GeV in   3.0  3.0

Selections

2 j2 j with ET  150GeVET  150GeV OR 3 j3 j with ET  100GeVET  100GeV



  

Cut-flow Table



  
Top Squark Searches Using Dilepton Invariant Mass Distributions and Bino-Higgsino Dark Matter 

Phys Rev D.87.095007 [arXiv:1302.3231]

t   3,2

0  t 39%

t   1


 b (53%)

“To Bino/Higgsino LSP”

Bhaskar Dutta, Teruki Kamon, Nikolay Kolev, KS, Kechen Wang, Sean Wu

51

Kuver  Sinha
Syracuse

Top Squark: Dilepton Study



  

t
1

0
~ B H 

t
1

0
~ B H 

Goal: 
   decay                dark matter sector

in a scenario: 

Motivation:

Light     and light                 Naturalness

                                           Correct relic density

 

Since if                          small relic density

1

0
~ B H 

H

1

0
~ H

Higgsino

Bino

72%

28 %

Composition of 
in our light slepton case

1

0

113

500

2500

t

q , g

GeV 

175 3,2

0

144 l±

164 1

±

8
 %

39
 %

1
0

0
 %

5
3
 %

100 %

2
2
 %

b

t

t

l
±

l
∓

l
∓

1

0

Kuver  Sinha

t

54
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Top Squark: Dilepton Study



  

113

500

2500

t

q , g

GeV 

175 3,2

0

144 l±

164 1

±

8
 %

39
 %

1
0
0
 %

5
3
 %

100 %

2
2
 %

b

t

t

l
±

l
∓

l
∓

1

0

t   3,2

0  t 39%

3,2

0   1

0 l
± l

∓ 100% , via e
±

or 
±

p

b

1

	

l
	

1

0

1

0

2,3

0

t

l
∓

l±

l
±

t

t *

p

Ml l

edge~M=m 2

0	m  1

0Ml l

edge~M=m 2

0	m  1

0

Opposite-Sign
Same Flavor dilepton

          almost degenerate2

0
,  3

0

Kuver  Sinha
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BG data simulation: 
MadGraph + PYTHIA + PGS4

Signal data simulation: 

ISAJET + PYTHIA + PGS4

Final State: 
2 l + 2 j + 1 b + large MET
MET > 150 GeV
HT > 100 GeV

OSSF – OSDF

OSSF                         e
±

e
∓±∓ 

t1
t1

∗
and t t0	4  jets

2

0  1

0 l
± l

∓

A clear egde around
M=m  2

0	m 1

0= 63 GeV .

 e
±∓±e

∓ OSDF
t1
t1

∗
and t t0	4  jets

t t jetsDominant SM BG:

Kuver  Sinha

30 ifb

LHC8

56
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Top Squark: Dilepton Study
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2

0  1

0 l
± l

∓ 100% , via e
±

or 
±

The edge shifts with                               .M=m  2

0	m 1

0

Kuver  Sinha

30 ifb

LHC8
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20GeVM l l 70GeV
s=

N S

N SNB

30 fb-1 luminosity, 8 TeV

significance           , for                          . ~3 m t= 500 GeVdistinguishable edge, for                         .m t 550GeV

Kuver  Sinha

30 ifb

LHC8

58
Syracuse

Top Squark: Dilepton Study



  59

m1

0= 113 GeV

(b)                 and light   ,

           edge around        .    M

1

0~ B H 

M=m  2

0	m 1

0

(c)                  and heavy   , 
                  small significance.

(a)         , need coannihilation.

a low pT lepton      small significance.

1

0~ B

l

1

0~ B H 

Z l l

l

Kuver  Sinha

30 ifb

LHC8

59
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Top Squark: Dilepton Study



  

Conclusions

Kuver Sinha Syracuse University

Run II will tell us a lot about supersymmetry
as a solution to the muon g-2 anomaly 

Surprises may come from exotic searches

CMS LQ search: a connection to dark matter?


