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Starting from excuses....

flavor 
experts LHC

experts 

Particle physicists 
I am her

Whatever I talk about “flavor physics” can be wrong.  
(It might be more useful if you ask  numbers you want from LHC 
directly to me )
Also forgive me about improper references. 



Why LHC is related to “flavor physics”

• It sets scale of the new physics

• It measures important parameters. For the case of 
supersymmetry, it is 

• B physics : charged higgs, sbottom and stop at LHC

• LFV:  determination and slepton masses, direct searches

• μ, tanβ

Note : We know nothing about that now 



What do we want to know for LFV?

• What we need (for SU(5) GUT)

•  tanβ:  Yukawa coupling

• mR (12)

• M1,μ : neutralino mass matrix 
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M2 and mL for SU(5)+νR(see-saw) 

Distinguish Left and Right sleptons is important 



what do we want to know

 for  B physics
• many competing diagrams 

• Cancellations.

• Ex:b →sγ: What is charged Higgs mass, stop mass 
and mixing angle? 

H+

!+

W+

Stop

toptop

if  chargino diagram does not 
exist mH+~300GeV is excluded 



How to put LHC constraint in 

the flavor analysis 

• Most Flavor studies is performed in the form of 
scatter plot to show the deviation from SM. 

• LHC will come. You may want to put minimum and 
model independent constraint to your analysis. What 
are they?

• Most of LHC analysis have been done in a few points 
in MSUGRA. How generic are they? You confused.. 



Access to the Flavor structure

m=0

m=100

m=200

734.8

741.6

761.6

M=300GeV,  soft squark mass

(1%)

(3.6%)

Mass of the particles

Squark sectors

gaugino mass  dominates the squark masses
and it is universal. All fancy flavor effects are reduced. 

Slepton 

m=0

m=20 

m=30

120

121.7（1%)

123.7（3.1%）

M=300GeV

We have  seen in Franks talk that we might have high sensitivity 
in squark and slepton masses.   
(1% for squarks, and O(1GeV) for slepton mass differences) 

                        What does this means? 

Supersymmetry and the Linear Collider 19

The bound from the measured ∆mK implies [25]

[

10 TeV

mq̃,g̃

]2 [

∆m2
q̃12

/m2
q̃

0.1

]2

<
∼ 1 . (31)

For TeV-scale squarks and gluinos, the flavor-violating parameters must be
very small so that the supersymmetric generalization of the GIM mechanism
applies. Alternatively, for O(1) flavor mixing, squark and gluino masses
must be of order 10 TeV, well above the weak scale.

The supersymmetric flavor problem is among the most pressing phe-
nomenological problems of supersymmetry, and motivates many models
that naturally produce degenerate squarks, very heavy squarks and gluinos,
or quark-squark alignment. Note that this is not simply a problem in the
hadronic sector — bounds on lepton flavor violation (LFV) from µ–e conver-
sion, µ → eγ, and other processes, cause similar difficulties. If supersymme-
try is discovered, one immediate question will be how the supersymmetric
flavor puzzle is resolved.

3.4. CP Violation

Weak-scale supersymmetry also generically violates bounds on CP viola-
tion. Bounds from εK are numerically the most stringent, but are typically
satisfied in models that eliminate flavor violation in some natural way. How-
ever, CP-violating, but flavor-conserving, constraints remain a problem. A
prime example of these constraints is the electron’s electric dipole moment
(EDM). The supersymmetric contribution to this observable is shown in
Fig. 6. This contribution requires [26]

[

2 TeV

mẽ

]2 [

µM1

m2
ẽ

]

tan β sin φCP <
∼ 1 , (32)

that is, uncomfortably heavy selectrons or small CP-violating phases
φCP # 1. As in the flavor-violating case, this problem is not confined to
one sector — a similarly stringent constraint in the hadronic sector follows
from the neutron EDM. Again, the discovery of supersymmetry will raise
the question of how these supersymmetric CP problems are solved.

3.5. Proton Decay

In supersymmetric theories, proton decay through renormalizable operators
may be eliminated by R-parity conservation. However, in grand unified

K bound is not too difficult to satisfy
 if m<M at GUT scale 



 Flavor and LHC 

•  The effect  of non-diagonal scalar 
mass  m(ij) at GUT scale (but of the 
order of diagonal scalar mass)  will 
be suppressed at lower scale.          
δm2/m2 < 0.01 is possible  for m≪M

• LFV is large  for m~M or m>M 
regions. 

• LHC measurements are good when 
m≪M.  No clean result for the other 

MSUGRA points. 
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Figure 1: Br(µ → eγ) and δaSUSY
µ as a function of universal mass m0. Here we take

V13 = 0.01, V23 = 1/
√

2, tanβ = 10 and M2 = 250 GeV. We assume unification between
the top-quark and tau-neutrino Yukawa couplings (mt = 175 GeV and mντ = 0.055 eV).
The solid and dashed lines are for cases where the scale for the generation of the SUSY-
breaking terms in the SUSY SM (MX) are the GUT scale and the reduced Planck scale,
respectively.
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Hisano  and Tobe(2001)
M2=250 GeV, tanβ=10  
SUSY sea-saw model 

V13=0.05,  Yt=Yντ 



SUSY scale determination for m≫M

• Peak position of Meff reflects 2xMSUSY, but we have more SM 
background than originally thought. 

• Meff   (One lepton), same strategy but  model dependent?

• 3 body decay of gluino.  less efficient? 

• We only measure gluino masses. squark decays immediately 
to gluino and hard to reconstruct.  

•
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Slepton masses and     decay distribution

•  m≫ M: all 2 body decays into slepton is  closed  

•  virtual process                      ?                                
The decay distribution depends on left hand slepton 
masses in MSUGRA

the mll distribution is suppressed near mmax
ll . On the other hand, once slep-

ton exchange is suppressed by its mass, Z0 exchange dominates and the
distribution peaks sharply near mmax

ll . Notice that the leptonic branching
ratio decreases as ml̃ increases, but remains larger than ∼2% for the values
of ml̃ taken in the figure.
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Figure 2: mll distribution for parameter set (B) (µ > 0). ml̃L
= ml̃R

are 170 GeV (thick
solid), 220 GeV (dashed), 250 GeV (dotted), 370 GeV, and 500 GeV. The branching ratio
Br(χ̃0

2 → e+e−χ̃0
1) for mQ̃ = 500 GeV is 6.6%, 2.9%, 0.9%, 1%, 1.8%, respectively, The

thick dashed line is an example with complete cancellation of the amplitude near the upper
end point. The branching ratio to e+e−χ̃0

1 is 1.8% for this case. The total number of the
events is 104 for each curve.

In Fig. 2, we show an example for µ > 0, parameter set (B). The de-
pendence on the slepton mass is different from the previous case. As ml̃

increases from 170 GeV, mll distribution becomes softer. For ml̃ > 250 GeV,
a second peak appears due to strong cancellation of Z0 exchange and slepton
exchange contributions for a certain value of mll. At the same time, the
branching ratio reaches its minimum at ml̃ ∼ 300 GeV, much less than 1%.
For ml̃ # 370 GeV, it increases again above 1%.

Notably, one can find slepton masses where a complete cancellation occurs
very close to the end point mmax

ll of the mll distribution. The thick dashed
line shows distribution for ml̃L

= 245 GeV and ml̃R
= 204 GeV. Events near

the end point (mmax
ll −mll < 4 GeV) becomes too few, and it is very hard to

observe the real end point for this case.
The lepton invariant mass distribution is an important tool for studying

6

when      is open,  virtual  
contribution  appear  beyond 
the two body end points. 

Γ(3 body)/Γ(two bodies) =0.05 
for SPS1a. 

χ̃
0

2

χ̃0

2 → llχ̃0

1

Γ(χ̃0

2 → llχ̃0

1)/Γ(χ̃0

2 → ll̃R → llχ̃0

1)

l̃R l̃L



A) Bulk region: Bino like.
 Slepton exchange sets Ω

Life with cosmological constraints  

Gaugino mass
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B) Higgs pole effect near 
mH=2mχ

C)       co-annihilation 

D) focus point region 
significant higgsino-gaugino

mixing 

too large mass density 

A

B
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MSUGRA might be too much 

• μparameter is determined so that 
vH is correct. 

• So if mH at GUT scale is much 
higher than m16, MSUGRA 
prediction for μ  can be evaded. 
More LSP pair annihilation into W, h

• mH (1,2) can be tuned 
independently so that higgs pole 
effect is enhanced. 
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Figure 4: Ωχ̃0
1

and the b factor in the (m2
h/m2, M) plane for fixed m.
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simultaneously affects LFV through 

1)LR mixing of sfermions 

2) Higgsino mass insertions
Some recent benchmarks hep-ph 058198 for CMS

(light mH  



life with cosmological constraint

What happens if μ is smaller

• More gaugino component in       if 
M2~μ

• mass difference between 1st and 2nd 
ino smaller

• heavier ino becomes gaugino if        
M2(M1)>μ, longer cascade decay as 
squark  dominantly decay into 
gaugino (heavier ino) 

• several ino signature 1
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Figure 6: The me+e− + mµ+µ− − me+µ− − me−µ+ distribution for the parameter point listed in Table 1.

mχ̃0
2
∼ mχ̃+

1
and mν̃ ∼ mẽL

hold in a wide region of parameter space. The two edges must
be separated out by fitting the smeared mll distribution. Note that since the kinematics of
two decay chains is expected to be similar, the systematic errors associated with the fitting
should be small. It seems that at least the first four mll edges can be used for the fit of MSSM
parameters, while it is not clear if the last one is detectable statistically.

We then follow the analysis of [14], by taking the jets with the first and the second largest
PT and considering their mjll distributions. We label j1 and j2 so that mj1ll < mj2ll. We
then find that most events have mj1ll below ∼ 400 GeV. The mjll distribution will contain
events from the different decay chains listed in Table 3, but they can easily be separated out
by requiring mll to lie between certain values. For example, if we require that mll < 55 GeV
(Fig. 7a) and 55 < mll < 125 GeV (Fig. 7b), the distributions should dominantly contain
events from decay chains D1) and D2), respectively. In Fig. 7a) the mjll end points are indeed
consistent with the values of end points listed in Table 3. The distribution in Fig. 7b) is
somewhat smeared out near the end point, due to contamination from χ̃0

4 decays.
In the next step we select events where mj1ll < 500 GeV < mj2ll; the resulting mjll distri-

butions are shown in Figs. 7c) and 7d). These additional cuts have been applied in ref.[14]
because they reduce the probability to select the “wrong” jet, which does not come from
primary q̃L decays. The mj1ll distribution is then substantially harder, better reflecting the
distribution of the “correct” jet. Especially for events with 55 GeV< mll < 125 GeV, the mj1ll

end point of decay D2) can be seen more clearly over the distributions from χ̃0
4 decays D4)

and D5), which have higher mj1ll edges.
In Figs. 7c) and d), we nevertheless see some continuous background near the end point of

mj1ll which cannot be explained by χ̃0
4 contamination. Note that for our choice of parameters,

q̃L is considerably lighter than for the case studied in [14]; moreover, mχ̃+
2

is not too small
compared to mq̃. The probability that one of the two hardest jets does not come from primary
squark decays should therefore be higher than in the example analyzed in ref.[14].

These mis-reconstructed events also contaminate the mmax
j1l edge if we demand mj1ll <

500 GeV < mj2ll, as can be seen in Figs. 8a), b). Here we plot the higher of the two mj1l
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ũL → χ̃0
2 20.7 d̃L → χ̃0

2 14.5
ũL → χ̃0

3 0.4 d̃L → χ̃0
3 0.7

ũL → χ̃0
4 12.2 d̃L → χ̃0

4 15.4
ũL → χ̃+

2 21.4 d̃L → χ̃+
2 36.4

χ̃0
2 → ẽR 23.6 χ̃0

4 → ẽL 5.5
χ̃+

2 → ν̃L 9.7 χ̃0
4 → ẽR 1.1

χ̃+
1 → τ̃1 89.1 ν̃L → χ̃+

1 40.1
ẽL → χ̃0

2 38.2 ẽR → χ̃0
1 100

ẽL → χ̃0
1 19.8

Table 2: Relevant branching ratios in % for our sample parameters.

mode mmax
jl mmin

jl mmax
jll mmin

jll mmax
ll

D1) q̃L → χ̃0
2 → ẽR → χ̃0

1 400.3 237.0 430.6 164.2 50.6
D2) q̃L → χ̃+

2 → ν̃L → χ̃+
1 351.0 260.0 411.1 211.1 121.9

D3) q̃L → χ̃0
4 → ẽL → χ̃0

2 322.7 269.5 403.3 207.5 117.9
D4) q̃L → χ̃0

4 → ẽL → χ̃0
1 437.0 321.4 460.6 246.6 159.6

D5) q̃L → χ̃0
4 → ẽR → χ̃0

1 421.5 292.2 460.6 270.3 174.3

Table 3: End points or edges of invariant mass distributions (in GeV) for different decay processes.

• 4 jets with PT,1 > 100 GeV and PT,2,3,4 > 50 GeV.

• Meff ≡ PT,1 + PT,2 + PT,3 + PT,4 + E/T > 400 GeV.

• E/T > Max(100 GeV, 0.2Meff).

• Two isolated leptons with P l
T > 10 GeV and |η| < 2.5. Isolation is defined as having less

than 10 GeV energy deposited in a cone with ∆R = 0.2 around the lepton direction.

In the following plots we reduce SUSY backgrounds by subtracting event samples with
different flavor, opposite sign dileptons (e+µ− and µ−e+ ) from the sum of the e+e− and µ+µ−

event samples. To do this consistently we require two and only two isolated leptons in the
final state.6 We generated events corresponding to an integrated luminosity of 200 fb−1, but
the figures are normalized to 100 fb−1.

In Fig. 6 we show the di–lepton invariant mass distribution for our representative point.
After the subtraction of eµ events, we see a distribution with at least four edges.7 They are
consistent with those found in Table 3. Note that a rather weak edge from decay D3) should
appear very close to the one from D2) in both the M # |µ| and |µ| # M limit; mχ̃+

2
∼ mχ̃0

4
,

6However, as we have discussed in previous Sections, the rates of 4 and 3 lepton events compared to 2
lepton events must contain important information about MSSM parameters.

7Note that at mll ∼ 55 GeV, this subtraction reduces the number of events by a factor of 0.35. The
fluctuation of the resulting distribution is therefore higher than what is expected from the number of events
in this distribution.
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ũL → χ̃0
2 20.7 d̃L → χ̃0

2 14.5
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After the subtraction of eµ events, we see a distribution with at least four edges.7 They are
consistent with those found in Table 3. Note that a rather weak edge from decay D3) should
appear very close to the one from D2) in both the M # |µ| and |µ| # M limit; mχ̃+

2
∼ mχ̃0

4
,

6However, as we have discussed in previous Sections, the rates of 4 and 3 lepton events compared to 2
lepton events must contain important information about MSSM parameters.

7Note that at mll ∼ 55 GeV, this subtraction reduces the number of events by a factor of 0.35. The
fluctuation of the resulting distribution is therefore higher than what is expected from the number of events
in this distribution.
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4 → ẽR → χ̃0

1 421.5 292.2 460.6 270.3 174.3

Table 3: End points or edges of invariant mass distributions (in GeV) for different decay processes.

• 4 jets with PT,1 > 100 GeV and PT,2,3,4 > 50 GeV.

• Meff ≡ PT,1 + PT,2 + PT,3 + PT,4 + E/T > 400 GeV.

• E/T > Max(100 GeV, 0.2Meff).

• Two isolated leptons with P l
T > 10 GeV and |η| < 2.5. Isolation is defined as having less

than 10 GeV energy deposited in a cone with ∆R = 0.2 around the lepton direction.
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ẽL → χ̃0

2 38.2 ẽR → χ̃0
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4 → ẽL → χ̃0

2 322.7 269.5 403.3 207.5 117.9
D4) q̃L → χ̃0
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Drees et al 
PRD63,035008(2001)



Example of tanβ determination 

scalar-muon LR mixing

if                   then decay width                     is so 
suppressed. 

Small left component of scalar muon affects decay 
branching ratios strongly. 

χ̃0

2 ∼ W̃ Γ(χ̃0

2 → l̃Rl)

µ̃1 ∼ µ̃R + εLµ̃L εL ∼ mµ(µ tan β + Aµ)/(m2

L − m2

R)

tanβ Br(e)
Br(µ)
/Br(e)

S
(300fb-1)

 10 6.3%   1.04 5.6
 20 1.2%   1.17 7.8

Γ(l) ∝ L2 + R2

L = g cos θlNfW2

R = gY sin θlN eB2
Goto et al (2004) PRD70:075016



Importance of relative branching ratio 

ignore bino component ignore selectron mixing 
Both of them contribute

relative branching ratio is important. Note systematics are 
very different
       μ: clean, outer muon system
        e:  inner tracking +Ecal

       τ: decay into hadron, jet isolation , ντ missing, 
            efficiency~50%
For 3 body decay and μ>M2>M1, left hand slepton 
dominates.... 

Γ(τ) : Γ(µ) : Γ(e) ∼
(g cos θτNfW

)2 : (g cos θµNfW
)2 + (gY N eB

)2 : (gY N eB
)2



Left or right??

• at LHC( pp collider)  σ (squark)≫ σ(anti-squark) 

• MSUGRA case

• wino-like ino produced from left-hand squarks

• wino is polarized(in average). it decays into lepton /anti-
lepton equally (Majorana). lepton/anti-lepton correlation to 
wino(jet) direction is opposite. charge asymmtry.

• NOTE, slepton further decay into lepton. look into the 
distribution near the jl edge( it may not be end point)  

q̃ → χ̃0

2q → l̃lq → χ̃0

1qll



Left or right, simulations
• m(jl) distribution tell us combination of the  chirality 

of squark and slepton in the cascade decays. 

Kawagoe, Goto, Nojiri
(2004)

SPS3 (left)

SPS1(right)

q̃L → χ̃0

2q → l̃Llq

m(ql) = 230 GeV

q̃L → χ̃0

2q → l̃Rlq

m(ql) = 380 GeV

stau1 behave like left



Flavor violation in slepton decays

• LFV in 2 body decay

• signal:                                      
edge in eµ distribution     
shoulder in eτ, τμ distribution 

• Loop process:                          
GIM like suppression and 
cancellation among diagrams.  

m
ll
[GeV]

n
u
m

b
er

 o
f 

ev
en

ts
 /

b
in

hist: eµ w/o LFV

0 50 100 150 200
  0

 50

100

150

200

: eµ with LFV

: bg fit

Figure 5: The meµ distribution for point I). The data corresponds to integrated lu-
minosity of 95 fb−1 and standard cuts are applied (see text). The histogram shows the
distribution without LFV, while bars are number of events and the error with µ̃-ẽ mixing.
In the plot, 1/30 of χ̃0

2 → l̃′′l, l̃′′ → χ0
1l

′ decay chain is assumed to go to the eµ channel.
Two curves are fits to the background distribution in the region mll = 40–200 GeV(solid)
and mll = 100–200(dashed then solid). We use c = 12.1.
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Figure 6: Same as Fig. 5, but for point II). The integrated luminosity is 196
fb−1, and c = 13.7.
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Figure 5: Visible mass distributions for !±τ∓
h − !±τ±

h (solid) and µ±τ∓
h from LFV decays

with BR = 10% (dot-dashed). All the Standard Model backgrounds considered here should
cancel in this plot up to statistical fluctuations.

η < 2.5, the direction was found. A matching jet with η < 2.5 was then sought with ∆R < 0.4
and pT,τ > 0.8pT,jet. If such a jet was found, it was tagged as a τ with a probability of 66%;
its charge was assigned correctly with a probability of 92%. Jets not so tagged were assigned
as τ ’s using an approximate parameterization of the jet/τ rejection shown in Figure 9-31 of
Ref. 15,

R =
(

0.971p
3

2

T − 49 GeV
)

5

3
(1−ετ )

where ετ is the hadronic τ efficiency and pT is in GeV. We choose ετ = 66%. The efficiency
and the results using the parameterization of [16] are not very different. Note that we are
actually using the hadronic jet resolution for all τ decays here, not the improved resolution
for a subset of decays as in the earlier analysis [17] which was focussed on the invariant mass
of a pair of taus, both decaying hadronically. Since this analysis relies mainly on counting
events, the resolution on the measurement of the hadronic τ decay products is not crucial.

The visible (hadronic) ττ mass for hadronic τ decays (hereafter denoted by τh) is shown
in Figure 3. Here events were required to have two τh candidates in addition to the cuts
listed above. Note that one or both of these candidates could be the same jets that were used
in the initial event selection. The background from misidentified QCD jets is approximately
random in sign and so cancels in the τ+τ− − τ±τ± combination. To the extent that g̃g̃
and g̃q̃ production dominates, so does the background where both τ ’s come from χ̃±

1 decay.
Figure 3 shows an excess of τ+τ− pairs ending approximately at the endpoint of the dilepton
distribution (from χ̃0

2 → τ̃ τ) shown in Figure 2. The structure is less clear due to the energy
carried off by the neutrinos.

Even for δ = 0 there is a substantial rate for real !±τ∓
h pairs from τ pairs produced by the

decay chain χ̃0
2 → τ̃1τ → χ̃0

1τ
+τ−. Two independent chargino decays can also give !τ pairs

7

LFV μτ

m=100, M=300, tanβ=10
δ=0.1

δ ≡ M2

µτ/M2

L

of either sign. Misidentified QCD jets give additional !τh pairs; the signs of ττ pairs from
such misidentified jets should be random, and this is assumed here. The LFV mixing from
δ != 0 produces additional µτh pairs, 92% of which have signs that are correctly identified.
Figure 4 shows the OS and SS backgrounds and the signal for an assumed 10% branching
ratio for the direct decay χ̃0

2 → χ̃0
1τ

±µ∓. This corresponds to δ = 0.25 (see Figure 1). Since
ISAJET assumes lepton flavor conservation, the decay of interest was simulated by finding
events with two τ ’s consistent with χ̃0

2 → χ̃0
1ττ and with at least one hadronic τ decay and

then replacing the other τ with a muon with a probability equal to the assumed branching
ratio. This is an excellent approximation since, as is indicated above, the mass shift due to
mixing is very small. Figure 5 shows the signal and the sign-subtracted background. The
latter should cancel in the subtracted µτ − eτ distribution up to statistical fluctuations; the
LFV signal occurs only in the µτ channel. The distribution from the LFV signal has a peak
at larger values of invariant mass than that of the lepton flavor conserving process as the
lepton in the latter must arise from the decay of a tau and is therefore softer than that the
muon from χ̃0

2 → µτχ̃0
1

In Figure 4 for 50 < M!τ < 100 GeV, there are 1089 OS and 707 SS events, with equal
numbers of eτ and µτ , and there are 518 lepton flavor violating µτ events, 92% of which are
correctly identified as to sign. Hence in this mass range we expect

N(µ±τ∓) = = 0.92(.5 × 1089 + 518) = 977

N(e±τ∓) = .5 × 1089 × 0.92 = 501

Adding the errors in quadrature, we would then measure

N(µ±τ∓) − N(e±τ∓) = 476 ± 39

giving a 12.2σ excess for 10 fb−1. The statistical 5σ limit for 30 fb−1 would be a branching
ratio of 2.3%, corresponding to δ ≈ 0.1. The signal to background ratio is better in the sign
subtracted distributions, but the statistical errors are larger. A determination of the branch-
ing ratio from the observation of an excess of µτ events requires a detailed understanding of
the systematic uncertainties. The scaling of these results to the design LHC luminosity also
requires a careful study of the effects of pile up of low-pT hadronic events. It is interesting to
remark that the sensitivity that we obtain from direct slepton decay is comparable to that
claimed for a lepton collider operating at 500 GeV center of mass energy for 30 fb−1 [21].

4 Comparison with Rare Decays

The decay τ → µγ is sensitive to the same lepton flavor violation as the signal considered
here. The approximate formula of Ref. 5,

BR(τ → µγ) ≈ 1.1 × 10−6

(

δ

1.4

)2 (

100 GeV

M!̃

)4

gives for δ = 0.1 and M!̃ = 150 GeV

BR(τ → µγ) ≈ 1 × 10−9 .
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Figure 7:
√

∆χ2 = 5 contours for the LFV discovery. The thick solid line is for
µ = 1.5M2 and tanβ = 10 in the cMSSM, the thick dashed line for µ = M2 and tanβ = 20,
and the solid line for µ = M2 and tanβ = 10. We fix the ẽR-µ̃R mixing angle θ as
sin 2θ = 0.5 and the slepton mass difference ∆m = 1.2 GeV at the GUT scale.

first and second generation in the right-handed slepton masses, m2
ẽRµ̃R

while

the Br(µ → eγ) is undetectably small.

LFV in left-handed slepton mass matrix as m2
µ̃L τ̃L

might be more moti-

vated when the data from atmospheric neutrino is considered [14][27]. We

note that the cancellation among the LFV diagrams is unlikely when only

the left-handed slepton mass is the source of LFV. We show the relation

between Br(τ → µγ) (the dashed line) and Br(χ̃0
2 → χ̃0

1τµ) normalized by

Br(χ̃0
2 → χ̃0

1ττ) (the solid line) in Fig. 10 when m2
µ̃L τ̃L

is the unique source

of LFV. Hinchliffe and Paige stated that it is possible to observe LFV for

Br(χ̃0
2 → χ̃0

1τµ) >∼ 0.01 in this figure. We can see in Fig. 10 that the reach of

LHC corresponds to Br(τ → µγ) # 10−6, which is also within the range of

the τ → µγ search at the KEKB experiment [11].

Finally when several off-diagonal scalar masses m2
l̃′ l̃

are non-zero, Br(l →
l′γ) could show the very complicated structure, therefore negative results in

the rare decay search at low energy do not necessary constrain the processes

involving l̃ decays at the high energy colliders. Especially, the LFV processes,
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Only one higgs doublet

need large luminosity 

LHC and MSSM Higgs 

in connection with B physics

mH~500GeV is under
 the hand of LHC 

Bs→τν Hazumi’s talk



H/A!"

tan!

!!"##$%&"''())(*##+

10

#$"%yukawa*tan!

&'()%Yukawa*+,-./0

#$tan!'123

45,%1+5,

decay into μμ may 
be seen as well

signal enhances
∝tan2β  

production

mA~mH~mH+ 

Here we are  assuming all SUSY particles are heavy.
 Any loopholes or more information? 



charged higgs searches at LHC

Fig. 4: The new ATLAS discovery potential for charged Higgs bosons. The results of the current analysis

are shown in green.

v5.7. These differences complicate the matching of the various contours at their boundaries,

especially between the transition region and the high mass region (MH± > mt). In the result

shown, the normalisation cross sections for the transition region were matched to the PYTHIA

v5.7 numbers abovemt, for consistency with the previous analysis of the high mass region [12].

A second stage of this analysis is currently underway to update all the discovery contours by

adopting the same 2 → 3 production process throughout.

4. CONCLUSIONS

Meanwhile, as ad interim conclusion, we would like to claim that the LHC discovery potential

of charged Higgs bosons has been extended further by our preliminary analysis.
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Fig. 3: The plot on the left shows the azimuthal opening angle between the τ -jet and the transverse

missing momentum. It peaks forward in the background and more and more backward in the signal, as

the charged Higgs mass increases. The right plot shows the reconstructed transverse mass for a 180 GeV

Higgs. (Both plots are shown for an integrated luminosity of 30 fb−1.)

Table 1: Sensitivity of the ATLAS detector to the observation of charged Higgs

bosons through H± → τν decays in the transition region, for an integrated lumi-

nosity of 30 fb−1 and tanβ = 50.

MH± (GeV) 160 170 180 190

Signal (S) 35 46 50 35

Backgrounds (B) 13 13 13 13

S/B 2.7 3.5 3.8 2.7

S/
√

B 9.7 12.8 13.9 9.7

Poisson Significance 7.3 9.1 9.8 7.3

Poisson Significance+5% syst. 7.1 8.9 9.5 7.1

tion of the top quark (mτb−jet > 100 GeV and ∆Φ(τ − jet, b − jet) > 1.25 radians); the
invariant mass of the bb̄ pair (mbb−jet > 225 GeV) and the transverse mass of the τb-jet
system (pτb−jet

T > 190 GeV). The cumulative effect of these cuts is the reduction of the
W±+jets background by more than one order of magnitude, while the signal (MH± =
170 GeV) and the tt̄ background are suppressed by only a factor of two.

(5) Finally, we require mT > 100 GeV for the calculation of the signal-to-background ratios
and the signal significances in Tab. 1. This cut is very efficient against the tt̄ noise (the
efficiency is 0.06% for a MH± = 170 GeV Higgs signal, 1.9 × 10−3 and 0.42 × 10−6

for the tt̄ and theW±+jets backgrounds, respectively).

3. RESULTS

The discovery contour in the transition region resulting from this new analysis is shown in

Fig. 4. Notice that, at lower masses, the signal reconstruction efficiency decreases (although the

rate is higher), thus explaining the upward turn of the discovery reach.

Before closing, some additional information is in order regarding the interplay between

the new curve and the two old ones. In fact, recall that above the top-quark mass, the 2 → 2
process, bg → tH−, with H± → τν, was used while below it the charged Higgs was searched
for in top-quark decays, t → bH±, counting the excess of τ -leptons over the SM expectations.

Furthermore, in the analysis above the top-quark mass, CTEQ2L PDFs [21] were used and

the charged Higgs production cross sections were obtained from another generator, PYTHIA

!"#
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$%suppress
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connection to B physics 

• Example  b→sγ, large cancellation among diagrams  

• You will have  an access of the charged higgs mass, 
branching ratio. 

• What can you say about chargino loop contribution?  
Stop mass and mixings (2-3)

✓ What is the info on stop from LHC?? 



 3rd generation squark 

mass matrix
• MSSM parameters

(

m2

b̃L

−mb(Ab + µ tanβ)

−mb(Ab + µ tanβ) m2

b̃R

)

(

m2

t̃L

−mt(At + µ cot β)

−mt(At + µ tanβ) m2

t̃R

)

mL3
, mt̃R

, m
b̃R

, Ab, At

mt̃1
, mt̃2

, θt, mb̃1
, m

b̃2
, θb

In MSUGRA: The 1st and 2nd squark mass are heavier than 
3rd due to RGE running and mixings. 
SUSY events contain many b jets. b tagging efficiency is 
60%

Production : direct production from gluon(small) 
                     decay from gluino (dominant if open) 



non-MSUGRA boundary condition in 3rd 

generation  in B physics

• You may find  surprise in B 
flavor violation  process—
this may comes from.... 

• GUT scale neutrino mass 
assuming Yt-Yντ

• Non universal boundary 
condition 

• stop and sbottom mass may 
also depends on such thing 

FIG. 6: (a) The direct CP asymmetry in b → sγ, and (b) the mixing-induced CP asymmetry in

Bd → Msγ as functions of the gluino mass.
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Exact treatment 
for gluino and sbottom reconstruction   

• Assume we know lighter masses

• 3 mass constraints for p(LSP) -> one degree of 
freedom in  2dim gluino and squark mass space 

• 2 events-> mass fixed

• After mass fix,  the missing momentum is solved!  

m
2

χ̃ = p
2

χ

m
2

l̃
= (pχ + pl1)

2

m
2

χ̃2
= (pχ + pl1 + pl2)

2

m
2

b̃1
= (pχ + pl1 + pl2 + pj1)

2

m
2

g̃ = (pχ + pl1 + pl2 + pj1 + pj2)
2

Longest cascade decays that can be “solved” event by 
event  even though LSP is missing 

Kawagoe et al, PRD71:035008, 2005



   contribution 

492±1.2GeV
479±2.4GeV

Kawagoe, MMN, Polesello 04

Background level

1/6

tanβ=10

sbottom mass reconstruction 
(two b jets and two lepton channel )

tanb=20

LHC may address 

a) tanβ  dependence of  

   sbottom mass 

b) size of the LR mixing from 

Br into      (need to wait LC?)

c) existence of     ?              

χ̃
0

2

b̃2

   

b̃2



  Flavor violation in sbottom decays 

at LHC?

•  εb=60%,  not impressive

•  take high pT jet which comes from LFV sbottom decay+  b jet from 
gluino→b sb1 might work(using “mass relation” as cut). 

• for O(1000) bbll decay, 360 must be tagged. for full flavor violation 
it is only 90 events. 

No flavor violation
εb=0.6

full  violation
 εb=1 full violation  εb=0.6

bbll 0.6x0.6=0.36 0.25 0.09

jbll 0.6x0.4=0.24 0.25 0.21

bjll 0.6x0.4=0.24 0.25 0.21

jjll 0.4x0.4=0.16 0.25 0.49



scalar top at LHC

• two subsequent cascade decays 
give tb end point. It is not 
dominated by single process.  

• hadronic top decay can be 
reconstructed . 

• The  tb end point give you 
information of stop mass.  

g̃ → t̃t → btχ̃± Br(t̃) Mtb(t̃)
g̃ → b̃b → btχ̃± Br(b̃) Mtb(b̃)

⇒
⇒

M
w
tb =

Br(t̃)Mtb(t̃) + Br(b̃)Mtb(b̃)

Br(t̃) + Br(b̃)
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FIG. 20: (a) Mw
tb, M(III)1, and M(IV)11 as functions of A0.

(b) Br(g̃ → bbX) and Br(edge)/Br(g̃ → bbX) as functions of
A0. Input parameters are the same as in Fig. 18.

300 GeV). When the mass difference of mt̃1
and mb̃1

is

large, the decay of b̃1 is dominated by Wt̃1. Further-
more, for mt̃1

<
∼ 300 GeV, Br(t̃1 → bχ̃±

1 ) is 100%. How-
ever since mq̃ > mg̃ in this region, squark and gluino
production goes to the final states having four bottom
quarks, where we have seen the disagreement between
the measurement Nedge/Nall and Br(edge)/Br(g̃ → bbX)
in Section III D. In this case our study must be extended
to events with more than three tagged b-jets.

Note that the decay χ̃0
2 → l̃ is mostly closed in Fig. 21.

The decay is open only at the most right region of
Fig. 21(b), near the end of the lines of the solutions.
If this decay is open, the masses of q̃, l̃ and χ̃0

1 are model-
independently determined by the mll, mllj and mlj dis-
tributions. When this decay mode is kinematically for-
bidden, one needs to combine various distributions for
consistency check of the MSUGRA assumptions. As is
already shown in Fig. 19, the decay g̃ → b̃/t̃ is open up to
m0 ∼ mg̃, providing information of the third generation
squarks in the wide region of the parameter space.
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FIG. 21: For fixed mb̃1
= 570 GeV and Mg̃ = 707 GeV, (a)

Mw
tb and mt̃1

, and (b) Mw
tb (Mtb(III)) and Br(edge)/Br(g̃ →

bbX). Here, −2 TeV < A0 < 2 TeV, tan β = 5 and 30, and
µ > 0. m0 is fixed by mb̃1

. The neutralino LSP is assumed.

VI. MEASUREMENT OF TOP POLARIZATION

Similar to the tau-lepton decay, we may measure the
polarization of the top quark since it decays to bW via
the (V −A) interaction. The top quarks from the g̃, t̃, and
b̃ decays are polarized, and the polarization depends on
the mixing angles for stops, charginos, and neutralinos.

The bottom quark angular distribution in the polarized
top quark decay is the following,

1

Γt

dΓt

d cos θ
∝

(

mt

mW

)2

sin2 θ

2
+ 2 cos2

θ

2
, (17)

where θ is the angle between the direction of the bot-
tom quark and the direction of the top quark spin in the
rest frame of the top quark. The terms proportional to
(mt/mW )2 come from the decay to the longitudinal W
boson. The bottom quark thus tends to go to the oppo-
site direction of the top quark spin.

In the decay mode (III)1, the top quark from a gluino
decay is polarized to be left-handed (right-handed) if t̃1 is
left-handed (right-handed). The polarization is reflected
on the invariant mass distribution of the bb system (mbb),
if the top quark is relativistic enough in the gluino rest
frame. Here, one of the bottom quarks comes from the
top quark decay and the other comes from t̃1 → bχ̃±. Es-
pecially, when the invariant mass mtb is close to the end
point Mtb of the decay mode (III)1, the top and bottom

lighter stop 
Hisano et al PRD68 035007, 2003



Difference between two body and three body

Biggest branching ratio

SPS1a:  edge with ΔMtb ~4GeV for  100fb-1

height h and edge Mtb may be used 

to understand stop sector 

SPS2 :(focus points M=300GeV)

No edge as expected 

 Lower bound of stop and sbottom mass?  

Limited statistics but  distribution may reflect   

1000 fb-1 but cut must be  
optimized

(Hisano et al  PRD68.035007)



Endpoint reconstruction

• weighted end point is reconstructed 
correctly  by the fit over wide region 
of parameter space. 

• A1 A2: a msugra point but A changed 
maximally (m=100GeV, M=300GeV  
tanβ=10

• T1 T2 stop mass moved by changed 
stop_R mass 

• B, C, I, G from paper  hep-ph/0106203

• E1 E2, gluino decays only to stop 
and top. 

8

(III)1 (IV)11 (IV)21 (III)11 (III)21 sum bbX

A1 11.0 6.7 1.4 3.4 2.7 25.3 43.4

A2 3.1 6.5 1.6 1.4 0.4 13.1 32.0

T1 24.5 3.2 0.8 5.0 3.0 36.5 56.3

T2 4.3 9.9 2.2 0.5 2.1 19.0 36.2

B 4.1 8.2 2.3 0.9 1.7 17.3 33.5

C 7.2 5.3 1.3 0.9 0.8 15.4 38.5

G 6.6 7.5 1.2 0.5 0.8 16.6 40.4

I 6.2 11.1 0.7 0.0 0.7 18.7 47.3

E1 78.5 0 0 0 0 78.5 99

E2 42.6 0 0 0 0 42.6 98

TABLE VI: Branching ratios of gluino cascade decays in %.
The decay modes (III) and (IV) are defined in Eq. (1). The
“sum” is total of all (III)1, (III)i1 and (IV)i1 decay modes.
The “ bbX” is the branching ratio of the gluino decaying into
t̃i or b̃i, so that two bottom quarks appear in the decay prod-
ucts.

FIG. 8: Relation between Mw
tb and Mfit

tb for the sample points.
The solid line corresponds to Mw

tb = Mfit
tb and dashed lines to

Mw
tb(1 ± 0.02) = Mfit

tb . Bars with a diamond and a circle
correspond to PYTHIA and HERWIG samples, respectively.

tribution from the decay chain (III) or (IV) to mt. This is
a good approximation for reasonable SUSY parameters.

In Fig. 10(a) and (b) we compare Nedge in Table V
with Nfit. We find a very good agreement between them
both for the PYTHIA and HERWIG samples. On the
other hand, the correlation between Nall and Nfit is much
worse as shown in Fig. 10(c). The number Nall receives
contribution from other gluino cascade decay chains such
as the modes (I) and (II), as well as contributions from
the stop and the sbottom pair productions. By the end
point fit, we extract number of events coming from only
the modes (III)1, (III)i1 and (IV)i1.

Nedge, and then Nfit, must be related to the number of

FIG. 9: Relation between Meff and mg̃ + mq̃ for the sample
points in Table I (HERWIG samples). The line shows a linear
fit of mg̃ + mq̃ as a function of Meff .

gluino decays through the cascade decay chains (III) and
(IV) via the reconstruction efficiencies. For the points
we study, the number of produced g̃g̃ events, N(g̃g̃),
is typically 10% to 14% of the total SUSY production
events, while the number of q̃∗g̃ and q̃g̃ production events
N(q̃∗g̃)+N(q̃g̃) ranges from 42% to 51%. The gluino de-
cay branchings ratios are listed in Table VI. The number
of events Nprod, where one gluino decays through the
modes (III) or (IV) and the other squark or gluino decay
does not produce any bottom quark, is given as follows;

Nprod = 2N(g̃g̃) (1 − Br(g̃ → bbX))Br(edge)
+ (N(g̃q̃) + N(g̃q̃∗)) Br(edge),

Br(edge) ≡ Br(III)1 + Br(III)11 + Br(III)21
+Br(IV)11, (7)

where Br(g̃ → bbX) is the branching ratio of the gluino
decaying into stop or sbottom, thus having two bottom
quarks in the final state. The reconstruction efficiency of
the tb edge mode, εtb, is given as

εtb = Nedge/Nprod. (8)

If the efficiency does not strongly depend on uncertainty
in hadronization and the model parameter dependence
can be corrected from other measurements, we can ex-
tract the number Nprod from the experimental data.

The major uncertainty in hadronization may be esti-
mated by the generator dependence of the reconstruc-
tion efficiency εtb. The edge height h for the HERWIG
sample is significantly larger than that of the PYTHIA
sample in Table V, except the points E1 and E2, and the
difference is more than 20% at many points. We note
the difference is small before we apply the sideband sub-
traction. For example, the numbers of tb events before
and after the sideband subtraction are 9695 (10180) and

What will we see if we put this constrain
to  B  rare decays? 



From Planck scale to weak scale 

Soft term at weak scale knows 
everything  between GUT to weak

Try together!  

Planck scale  soft mass 
source 

 Light at source

Interactions from GUT 
scale to weak scale 

gas in between
(line spectrum ) 


