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SUSY

mSUGRA is flavor unified...

» Flavor Problem:
SUSY breaking terms can induce FCNC’s

» Simplest assumption to solve it:
SUSY breaking masses are flavor diagonal

mSUGRA
Minimal Supergravity model
> Mo, My 2, Ao, tan 3, sign(u)
3rd generation sfermions split from others
Typically: mz, < my ~ mg
No LFV...
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\ / Am%l = (7.59+-0.21) X 10_5 eV2 LFV Motivation
Vi Am3, = (2.43 + 0.13) x 1073 eV? LFV @ LHo

Considerations
Mass Measurements

» Massive right handed neutrinos (¢°) have masses:
M, = ME(MR)71MD
Flavor mixings in Mg and Mp
Right handed neutrino mass ~ vg_; ~ 10 — 15 GeV
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v° active at large momentum scale > vg_;
Above vg_; slepton mass terms feel effect of /¢
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= Generates LFV!!
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» Massive right handed neutrinos (°) have masses:
M, = MLE(Mg)~"Mp
» Flavor mixings in Mg and Mp
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Am3, = (2.43 £ 0.13) x 1073 eV?

Seesaw masses

» Massive right handed neutrinos (°) have masses:
M, = MLE(Mg)~"Mp

» Flavor mixings in Mg and Mp

» Right handed neutrino mass ~ vg_; ~ 10 — 15 GeV

» 1 active at large momentum scale > vg_;
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Transfer Functior

Seesaw masses

» Massive right handed neutrinos (°) have masses:
M, = MLE(Mg)~"Mp

Flavor mixings in Mg and Mp

Right handed neutrino mass ~ vg_; ~ 10 — 15 GeV
v active at large momentum scale > vg_;

Above vg_; slepton mass terms feel effect of v¢
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LFV Motivation
...but neutrinos oscillate, )
which motivates LFV!
MZ ME
M%=< B VBR ) M = M2y =B (
LL RR 0
i Mip Mzg
Mig = diag[m,(A, + ptan B)]

mSUGRA is flavor unified..

LFV @ LHC
1 0 0 Considerations
o 1 0
o 0 1

A= Ap
Introduce LFV in the (2,3) = (ji, ¥) component of M%4

Conclusions
‘ [M2]
ORRLEV = -

Mass Measurements

_ Mipya
o 2
B ['M%H]SS Mg
Lightest slepton, ¢4, is an admixture of ji and 7 states

«Or «Fr «
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LFV Implementation

Slepton Mass Matrix mSUGRA
M2, M? 1 0 0
2 _ i Mg 2 _ 2

M= (ke wihn ) M=M= (E 1)

Mz = diag [m(A; + ptan )] Ar= Ao

Introduce LFV in the (2,3) = (ji, ¥) component of M2
Mz ] m?

ORRLFV = [Mirlyy _ ey

[M ":"]33 mgﬁ

Lightest slepton, 71, is an admixture of /i and 7 states.
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Decay Chain subsystem: §3-74-%9 Pheno 2012

» Mostly 77 final states
» Small amount of LFV 7 final states
» 7u final states also arise from leptonic 7 decay
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Decay Chain subsystem: ¥3-71-9
» Mostly 77 final states
» Small amount of LFV 7 final states
» 7u final states also arise from leptonic 7 decay

Use a General Technique: Any LFV!
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Decay Chain subsystem: ¥3-7;-{9
» Mostly 77 final states

» Small amount of LFV 7 final states
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mSUGRA is flavor unified.
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1) Understand the ¥3-71-% subsystem very
well.

» mass measurements of {9, /1, and {°
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» mass measurements of {9, /1, and {°
2) Model the 7. BG from leptonic = decay.

» new technique: transfer function
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1) Understand the ¥3-71-¥9 subsystem very
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» mass measurements of {9, /1, and {°
2) Model the 7. BG from leptonic = decay.

» new technique: transfer function
3) Extract the LFV 71 signal.
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1) Understand the ¥3-71-¥9 subsystem very
well.
» mass measurements of {3, /1, and §J
2) Model the 7. BG from leptonic = decay.
» new technique: transfer function
3) Extract the LFV 71 signal.

Considerations

Study by simulating /s = 14 TeV LHC.
» Use SPheno, PYTHIA, PGS4
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Hard Jet (2)
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Dominant production at LHC is gg, gq, or g

a — q Hard Jet (2)
N\
X3 — 77 -
¢ Two OS 7’s
7F  — 7*  (hadronic)
N\

% Er
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Dominant production at LHC is gg, gq, or g

& — q Hard Jet (2)
¢
B o T S
N Two OS 7’s
7 — 1% (hadronic)
¢
X7 Er
Cuts:

> 2m, with py’s, > 15 GeV

> 2 jets, with prjei 2 > 100 GeV

Fr > 200 GeV

hr = Er + prjet + Prjez > 600 GeV
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g Considerations
21000 Mass Measurements
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Transfer Function

500

0 50 100 150 200 250 O
m.. (GeV)

Mass Measurement from LHC Data
» Functional Form: md = f(m;, Mo, m)zg)
» Combine with pr , observables.

» Invert Functional Forms to solve: mx,, Mo, Myo



Di-Tau and Tau-Mu Invariant Mass

Using ms,, m~o, and m~o

compare the shapes W|th an LHC 3|mulat|on
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LFV signal

Back to the LHC Data:
Use the transfer function, convert m__ t
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New Technique: Transfer Function Pheno 2012

> 5RR,LFV = 15% = EXCGSS mSUGRA is flavor unified
» Ruled out mSUGRA benchmark:

» £=1000fb~" = ~ 20 with systematics.

» Same significance at £ = 300 fb~" without
systematics.

» Let’s reduce those systematics!!!

» Doesn’t have to be mSUGRA!

Conclusions

arXiv:1203.3276
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> My = 250 GCV, m1/2 =350 GCV, Ao = 0, tanﬁ = 40,
and x> 0.

» Statistical @ £ = 1000(300) fb~'. |

» Systematic: Jet Energy Scale +3%. TanserFunctr

Conclusions

Particle Mass Solution One Solution Two
71:186.7  1815+37(51)+x4.1 2058+59(6.1)+57
9:1415  140.6+54(6.5)+62 151.44+6.4(8.6)+6.3
{5 1 265.8 265.3+6.2(8.5)+7.3 2789+9.2(11.7)+9.0

drr.Lrv = 15% 2.20 (1.70) excess 1.60 (1.20) excess
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