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Discovery of the Higgs boson

CMS Preliminary {s=7TeV,L=5.1fb";¥s=8TeV,L=1961"
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LHC 7 TeV & 8 TeV data gives,

125.5 4+ 0.2(stat.) T92(sys.) GeV [ ATLAS-CONF-2013-014 ]

125.7 +0.3(stat.) +0.3(sys.) GeV [ CMS PAS HIG-13-005 ]
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125 GeV Higgs in Supersymmetry

SM-like Higgs boson mass in MSSM is given by,

2 2 2
my ~ m%cos”2f
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SM-like Higgs boson mass in MSSM is given by,
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(Xt : left-right mixing parameter of stops)
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125 GeV Higgs in Supersymmetry

SM-like Higgs boson mass in MSSM is given by,

3Gem? mz X2 X4
2 2 2 t f t t
m; ~ m3cos 2B + log — + —

f “ V272 J m;  mz 12mf

(Xt : left-right mixing parameter of stops)

How to get 125 GeV Higgs :

* heavy stop
» Large left-right mixing

* Non-minimal SSM
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125 GeV Higgs in Supersymmetry

SM-like Higgs boson mass in MSSM is given by,

3GFIH4 m? X2 X4
2 2 2 t t t t
m ~ M~ COS 26 + log — + —

h < \/5’712 9 m% m% 12m§

(Xt : left-right mixing parameter of stops)

How to get 125 GeV Higgs :

« heavy stop > M
« Large left-right mixing 1ol ¢

« Non-minimal SSM
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[ Ibe, Matsumoto, Yanagida (2012)]
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PeV-SUSY : [Wells (2004)]

H |g h Scal e S U SY Spread SUSY : [Hall, Nomura (2011)]

Pure Gravity Mediation: [lbe, Yanagida (2011)]
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om = My — Mo

o Attree level

0.014 MeV /300 GeV\ /100 TeV\?
5m|mixing =

tan? B My — Mo U
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om = My — Mo

At tree level
5m 0.014 MeV
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[Cheng, Dobrescu, Machev (1998)]
[Gherghetta, Giudice, Wells (1999)]
[Feng, Moroi, Randall, Strassler, Su (1999)]
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om = My — Mo

o Attree level
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[Cheng, Dobrescu, Machev (1998)]

e At one-loop level [Gherghetta, Giudice, Wells (1999)]
[Feng, Moroi, Randall, Strassler, Su (1999)]
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« Uncertainty of one-loop calculation (naive estimation of two-loop contribution)
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Lifetime of charged wino : T+

«  Main decay mode : \/N\/i RN \/T/O,n-i

» Life-time is strongly depends on 5m = mwi — mWo
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Decay of charged wino at LHC

~ _7 (missing ET)

We.
e
Charged track \\\ Tt
8

(less energetic)

To get the accuracy of life-time,
We need the accuracy of mass splitting.
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Two-loop calculation

« We calculate 1PI self-energy.

5 5 Mo — Zl\/-’(/wgole)
= Tk I(P) > Mpoe = Re |

pole

Pole mass can be expanded as a series of loop-order :

« We use an effective theory (SM + winos)

- - My
L = Lom+ W (BOae — €2 WPIWE — 72(\/\/3\/\/a + h.c.)

» Heavy particles ( sfermions, Higgsino, heavy Higgses) can be neglected.
« Bino and gluino does not contribute at two-loop order.
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rams to evaluate
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rams to evaluate
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Figure D.8: Charged wino self-energy (group B)
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Diagrams to evaluate

* FeynArts (generate Feynman diagrams)
« FeynCalc (simplify amplitudes)
 TARCER (reduce loop functions)

« TSIL (evaluate loop functions numerically)
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Mass splitting: 0m = my;,+ — My

2
/ No_joopdm = (%) ™my =~ 3.9 MeV
170 | /
i Heavy Wino limit
165 | [Yamada (2009)]
> :
c ﬁ . Uncertainty from
7S 155 renormalization scale
150 | two-loop m—
_One-logp e

100 1000

[ Ibe, Matsumoto, RS (2012)] [17 /20 ]



Lifetime of charged wino: T+
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Latest result (2013 July)
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Summary

125 GeV Higgs motivates wino LSP.

Lifetime of charged wino is very sensitive to mass splitting within Winos.

We calculated the mass splitting at two-loop level.

Our result is available as the following fitting formula. (see arXiv:1212.5989)

OM 413315+ 305.383 (lo Mo ) 60.8831 (lo Mo )2
1 MeV ' ' 91 Gev ' 91 Gev
1541948 (l iy )3 0.181509 (l iy )4
. @] — U. @) )
91 Gev 91 Gev

(100 GeV < my5,0 < 4000 GeV)
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Mass correction as a Coulomb energy

[ Cirelli, Fornengo, Strumia (2005)]

Coulomb Potential of massive vector boson:
—Myr 2
g e 1 me,
b =2 > B =[x (5002 0?)

Coulomb Energy of massive vector boson:
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