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There is some tension between different constraints on the sfermion
masses

@ In SUSY models FCNC and CP violation problems may be
substantially eased when the first two generation sfermions are heavy

o Naturalness arguments suggest that the third generation sfermions
should be light

The lower bounds are for the first/second generation sfermions
The upper bounds are for the third generation sfermions
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= The tension between FCNC constraints and naturalness may be
relaxed in Inverted Hierarchy (IH) scenarios, with the first two
generations of squarks and sleptons much heavier than the third one

e.g. Pomarol, Tommasini '96, Dvali, Hall ‘96, ..., Briimmer et al. '12

Inverted hierarchy of sfermion masses appears in some string models
e.g. Krippendorf et al. '12
and fermion mass models based on horizontal symmetries
e.g. Dudas et al. 95 '96, ..., Craig et al. '12

Marek Olechowski Higgs boson mass in MSSM with split sfermion masses



= The tension between FCNC constraints and naturalness may be
relaxed in Inverted Hierarchy (IH) scenarios, with the first two
generations of squarks and sleptons much heavier than the third one

e.g. Pomarol, Tommasini '96, Dvali, Hall ‘96, ..., Briimmer et al. '12

Inverted hierarchy of sfermion masses appears in some string models
e.g. Krippendorf et al. '12
and fermion mass models based on horizontal symmetries
e.g. Dudas et al. '95 '96, ..., Craig et al. '12

New tension appeared with the recent LHC results.
Higgs mass of 125-126 GeV is rather big for MSSM
— can not be obtained if stops are too light

What are the predictions for the lightest Higgs boson mass
in the MSSM with inverted hierarchy of sfermion masses?

Badziak, Dudas, M.O., Pokorski '12
Baer, Barger, Huang, Tata '12
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The Higgs boson mass in the weak scale MSSM

m% ~ M%cos2 26
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The Higgs boson mass in the weak scale MSSM

3g°mi M
m% ~ M%cos2 26 + g mzt In SUQSY
8m2m3, m3
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The Higgs boson mass in the weak scale MSSM

3927”21 [IH<A'182USY) + th 1 Xffl }

8m2myy mi Miysy 12 Miysy

mj ~ Mzcos® 23 +

Msysy = /My, g, X, = A, — p/tan
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The Higgs boson mass in the weak scale MSSM

3927”? |:ln<]\"jSQUSY) + th 1 le }

87r2m%‘, 7 ]WS?USY 12 A'[§USY

2 2 2
~ MZcos“ 283 +
o ZC0os” 2, m3

Msysy = /My, g, X, = A, — p/tan

Ways to increase the Higgs boson mass

o Bigger values of tan 3
- cos?23 > 0.96 already for tan 3 = 10
@ Higher SUSY scale Mgysy

- not very appealing from the phenomenological (prospects for SUSY
discovery) and theoretical (hierarchy problem) points of view

@ Stop mixing parameter X7 close to the optimal value

- in the above approximation the X?-dependent contribution is
maximized when
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The Higgs boson mass in the weak scale MSSM

tanP=10, my=my
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The Higgs boson mass in the weak scale MSSM

tanP=10, my=my
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The Higgs mass of ~ 125 GeV requires:
o Msysy 2 1 TeV and large stop-mixing | X;|/Msusy ~ O(2 — 2.5)
@ or Msuygy > 1 TeV
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The Higgs boson mass in the weak scale MSSM

Stop contribution to my, is modified when my # mg

2, 2 2 2 o2
Am2 — 3g°m; 1 Mgysy n X mq
Mh = gz | m?2 m2 —m2  m?
W 7 %) U U

X} ) 1 mg + mg; I mg

5\2 2m2 —m?  m?

5 5 5 7 7
(mQ - mU)

Bigger Higgs boson mass may be obtained if simultaneously
@ my is substantially bigger than mg

@ the stop mixing parameter X, is bigger than ~ 2.5 Mgysy
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The Higgs boson mass in the weak scale MSSM

tanB=10, Mg=1 TeV
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The Higgs boson mass in the weak scale MSSM

tanB=10, Mg=1 TeV
130

me/mg=1
mg/my=2

125 me/my=3

i o5 memU=4
X le’mU=5
120 L mQ/mU=6
mQ/mU=7
115
S
110 . . - .
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Maximal Higgs boson mass increases by:
@ 2 GeVif mQ/mU ~ 5 and |Xt|/A/[SUSY ~3
e 4 GeV if mg/my =~ 7 and | X;|/Msusy ~ 4

my0 [GeV]
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Large stop mixing and RGEs

From one-loop RGEs:

mg ~ 3.1M; 5 +0.1A0 My j5 — 0.04A7 + 0.65m3(3)
mi; ~ 2.3M7 5 4+ 0.240 My j5 — 0.07A7 4 0.35m3(3)
At ~ —16M1/2 + 035A0

How to get AZ ~ 6 mgmy ?
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Large stop mixing and RGEs

From one-loop RGEs:

mg ~ 3.1M; 5 +0.1A0 My j5 — 0.04A7 + 0.65m3(3)
mi; ~ 2.3M7 5 4+ 0.240 My j5 — 0.07A7 4 0.35m3(3)
At ~ —16M1/2 + 035A0

How to get AZ ~ 6 mgmy ?
o Large (dominating) M /o gives A7 ~ 0.9m¢gmy
e m3(3) contributions even worsen the situation
(mZ(3) is big e.g. in “focus point” scenarios)
@ Only large initial value of |4g| may give A7 /M2 gy ~ 6

Optimal stop-mixing requires large initial | Ay
e.g. for M1/2 ~ m0(3) : AQ ~ —4M1/2 or AO ~ 77M1/2
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Large stop mixing and RGEs

1st/2nd generation sfermion masses enter the relevant RGEs at the
two-loop level
mg ~ 3.1M; 5 +0.1A0 My 5 — 0.04AF + 0.65m§(3)—0.03m(1,2)
mi; ~ 2.3M7 5 4+ 0.240 My j3 — 0.07A7 + 0.35m§(3)—0.02m (1, 2)
At ~ —16M1/2 + 035A0
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Large stop mixing and RGEs

1st/2nd generation sfermion masses enter the relevant RGEs at the
two-loop level
mg ~ 3.1M; 5 +0.1A0 My 5 — 0.04AF + 0.65m§(3)—0.03m(1,2)
mi; ~ 2.3M7 5 4+ 0.240 My j3 — 0.07A7 + 0.35m§(3)—0.02m (1, 2)
At ~ —16M1/2 + 035A0

In the IH scenario, mo(1,2) > mo(3), RG running of A; can be
disentangled from the running of stop masses.

@ |A;| can be enhanced by gluino contribution

@ gluino contribution to the stop masses may be (partially)
compensated by negative contributions from m(1,2)

No large initial Ay required for optimal stop mixing
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Large stop mixing and RGEs

Examples
o Myp=mo(3)  mo(L,2) =10me(3)  Ag = —mg(3)
= | X4 = 2.7 Msysy
o My =mo(3)  mo(1,2) =10me(3)  Ag=0
= | Xi| = 1.9 Msysy
o Mijp=4mo(3)  mo(1,2) =5mp(3)  Ag=0
= | X4 = 2.2 Msysy
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Large stop mixing and RGEs

Examples
o Myp=mo(3)  mo(L,2) =10me(3)  Ag = —mg(3)
= | X4 = 2.7 Msysy
o My =mo(3)  mo(1,2) =10me(3)  Ag=0
= | Xi| = 1.9 Msysy
o Mijp=4mo(3)  mo(1,2) =5mp(3)  Ag=0
= | X4 = 2.2 Msysy

Stop mixing close to the optimal one
is quite natural in IH scenario

even with vanishing initial Ag
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Upper bounds on my(1, 2)

Stop masses:

mg = 3.1M? 5 +0.149 My /5 — 0.04AF + 0.65m(3)—0.03mg (1, 2)
my; ~ 2.3M7 5 +0.240 My 5 — 0.07AF + 0.35m3(3)—0.02mg(1, 2)

Proper REWSB:

i~ 1L.3M7 5 + 0.1A3 — 0.35My 5 Ag — 0.01mg(3)—0.006m(1, 2)

For very large mo(1,2):
@ stops become tachyonic
maximal mq(1,2)/M; 5 increases with mq(3)/M /2
@ correct REWSB is no longer possible
maximal mq(1,2)/M;, decreases with mq(3)/Mj /2
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Numerical results

my(3) [TeV]

tachyonic stop

5 10 15 20 25
my(1,2) [TeV]
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Numerical results
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Numerical results

3g°mi M3 X7 X?
mi ~ M%cos2 206 + 92 m2t {ln ( SU2SY> + - : <1 - 5)]
8mmy, my Mgygy 12Mgygy

my; ~ 2.3M7 5 +0.240 My 5 — 0.07AF + 0.35m3(3)—0.02mg (1, 2)
At =~ —16M1/2 + 035A0

increasin : first m then m
Increasing m?(1,2) = g Vz ( n/ nx)
decreasing MSUSY (mn \J)

o For small enough X7 /MZ oy the net result is to increase my,

o For values of X7 /M2« bigger than the “optimal” one both effects
lead to fast decrease of my,

For big m3(3) problems with correct REWSB appear before the “optimal”
X7 /M3y is reached
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Numerical results

M), =1TeV, Ag=-2TeV, tanf=10
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Smaller mg(1,2), M; /, required to obtain a given Higgs mass if Ay < 0

Marek Olechowski

Higgs boson mass in MSSM with split sfermion masses



Numerical results

For heavy 1st/2nd generation sfermions
the lightest Higgs boson is generically relatively heavy

For instance, mg(1,2) > 15 TeV implies my, 2 122 GeV

The Higgs boson mass of 125 GeV may be obtained without very big fine
tuning

o for My 2 1.5 TeV if Ag=0

o for My 2 1 TeVif Ag = —2 TeV

my, higher than 125 GeV may be obtained for bigger M, /5 and/or |Ao|
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Numerical results

For heavy 1st/2nd generation sfermions
the lightest Higgs boson is generically relatively heavy

For instance, mg(1,2) > 15 TeV implies my, 2 122 GeV

The Higgs boson mass of 125 GeV may be obtained without very big fine
tuning

o for My 2 1.5 TeV if Ag=0
o for My 2 1 TeVif Ag = —2 TeV

my, higher than 125 GeV may be obtained for bigger M, /5 and/or |Ao|

There are theoretical uncertainties in the calculation of Higgs boson mass

For example the leading 3-loop contribution is positive (at least in simple
models) Kant et al. 10, Kant '11
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Numerical results

Point A Point B Point C
M /o 1000 1500 1500
mo(3) 3700 3400 3800
mo(1,2) 17690 21070 22500
Ag -2000 0 0
tan 10 10 10
L 888 698 452
my, 125 125 125.1
ma 3541 3154 3477
mgo 444 647 448
Mg 812 700 455
mg 2465 3530 3545
mi, 476, 1801 699, 1581 505, 1632
mg 1784, 2926 1555, 2717 1610, 2933
ms 3467 3108 3481
Qpah? 0.111 0.118 0.021
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Inverted Hierarchy and Dark Matter

p* =~ 1.3M75 +0.145 — 0.35My /5 Ag—0.01m5(3) — 0.006m5 (1, 2)

The higgsino component of the LSP grows with mZ(3) and/or m?(1,2)

m; ~ 2.3M75 4+ 0.240 My j3 — 0.07AF+0.35m5(3)—0.02m5 (1, 2)

Stop may be very light for large enough m3(1,2)
if m3(3) is not too big
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Inverted Hierarchy and Dark Matter

p* =~ 1.3M75 +0.145 — 0.35My /5 Ag—0.01m5(3) — 0.006m5 (1, 2)

The higgsino component of the LSP grows with mZ(3) and/or m?(1,2)

m; ~ 2.3M75 4+ 0.240 My j3 — 0.07AF+0.35m5(3)—0.02m5 (1, 2)

Stop may be very light for large enough m3(1,2)
if m3(3) is not too big

In the IH scenario LSP can be a good dark matter candidate.
e Small mg(3): bino LSP, Stop-coannihilation may give correct Qy,sp
@ Intermediate m((3): bino-higgsino LSP, Q1,sp may be correct
o Large mg(3): higgsino LSP, Qsp typically too small
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Inverted Hierarchy and Dark Matter

Interesting correlation between Qpsp and my,

M, ,=1.5TeV, A0, my(3)=34TeV, tanf=10
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Numerical results
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Conclusions

Properties of models with heavy sfermions of 1st/2nd generation

SUSY FCNC and CP violation problems can be substantially eased
Fine tuning smaller than in CMSSM (“natural SUSY")
Large stop mixing is possible without large Ag

Stop mixing close to the optimal one (giving maximal possible Higgs
boson mass) emerges quite naturally from RGE running

The lightest Higgs is generically heavy, in the vicinity of 125 GeV
Lighter stop mass ~ O(0.5) TeV, gluino mass ~ O(2 — 3) TeV
my, bigger by a few GeV if mq is substantially different from my

LSP can be a good dark matter candidate (m; — Qrgp correlation)
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