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Supersymimetry

Fermion-Boson Symmetry
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Minimal Particle Content

Standard particles SUSY particles
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Quarks 0 Leptons 0 Force particles Squarks .. Sleptons \) SUSY force
particles

No new dimensionless couplings.

Couplings of SUSY particles equal to couplings of SM particles.
Helps stabilize the weak scale-Planck scale hierarchy.

Provides a good Dark Matter candidate (the lightest SUSY Particle).
Allows for gauge coupling unification.

Induces electroweak symmetry breaking radiatively.

23828 RR

For every fermion there is a boson of equal mass and couplings and visa versa.
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Higgs Mass

Dependence on MSSM Parameters
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What does SUSY imply for the
Higgs Sector?

«® 2 Higgs SU(2) doublets: ¢, and ¢,
3 2 CP-even ( i, H ) with mixing angle c.
@3 1 CP-odd (A) and a charged pair H*
® tan f=v,/v, vZ=v,2+ v,2= 246 GeV

R At tree level, one Higgs doublet couples only to down quarks and the other
couples only to up quarks:
L=, (hy 9} +hi pu)+ he.

&® Up and down sectors diagonalized independently:
3 Higgs interactions remain flavor diagonal at tree-level.

R Couplings : hZZ, hWW, ZHA, WHEH — sin(8 — @)
@3 Gauge bosons and fermions HZZ, HWW, ZhA, WH*h — cos(B — @)
(SM n()rmalized) (h,H,A) uu — cosa/sin3, sina/sin3, 1/tang

(h,H,A) dd/lTl~ — —sina/cos3, cosa/cosf3, tanf3

R Lightest (SM-like) Higgs m; < m,, naturally light due to SUSY
@3 Others may be heavy and roughly degenerate (decoupling limit).
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Radiative Corrections to the SM-like
Higegs Boson Mass

@ Important quantum corrections due to incomplete cancellation of particles

and sparticles in loops.
2 2
(mQ+mt+DL m, X, )

&R Main effect due to stops: M?
2 2
m, X, m; +m, +D;

X,=A, - u /tanp

&R my;, depends logarithmically on averaged stop mass scale, Mgy, and has a
quadratic and quartic dependence on the stop mixing parameter, A,.
&® For moderate to large values of tan f, large non-standard Higgs masses and
Mgy~ Mo~ m,;
i

1 L S =
B 122 G Tl 2
m; ~ M, cos”2( + 12 02 [2Xt—|—t+ 62 (2 2 327Ta3) (Xtt—l—t )]

/ 4S2USY 1 % 2 ~1% ~%
— — b Vo= 1 —

my




Additional Affects at Large tan £

hip? " s

23 sy 2 e
ar Sbottoms: 2™ = ~ g (1 + 152 — 55 — 64n 043))
©8 hy, recieves 1-loop corrections that depend on sign of uM;

L S
e .
v cos B(1 + tan BARy) H "H,
Q‘h --------- r'¢’
B2 o
R Staus: Am? ~ ——T L
7 4872 M4

: 7 : : i
3 h, corrections depend on the sign of uM, [ .7 e
mT ¢"' ~~“{{u
hiser

v cos B(1 4 tan BAh.,)
R Both corrections give negative contributions to the Higgs mass

& Positive values of uM;and uM, enhance the value of the Higgs mass.
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minimal mixing

M, = 175+5 GeV
Moy = m, = 1 TeV

o= —200 GeV

X =A;—p/tanB, Xy =0: Nomixing; X;=+6Mg : Max. Mixing
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& In case of degenerate soft masses,
08 A above = 1 5 TeV needed to achleve mh 2 125 GeV.
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Cross-sections and Rates

Higgs Production Mechanisms at the LHC
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Electroweak
Constraints

myy and ( gl )
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Light Sleptons

R Assuming
3 Flavor blindness

3 Both 15t/27d and 3™ generations light at TeV scale

&R 3 generation sleptons run strongly with Yukawas
R Yukawas scaled by tan f

&R 1%t and 2" generation barely affected by running.

Moderate tan f and High Messenger scale ~ M¢
OR
Large tan f and Low Messenger scale

April 18, 2012 Nausheen R. Shah U of M 33
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Collider Prospects

Preliminary Results for Light Staus
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Pomnt III: A, = 500 GeV, mp, = mpg, = 280 GeV p = 625 GeV, tanf = 60,
M; =10GeV, my = 1 TeV that gives mz = 94 GeV, m;z, = 484 GeV, m;_ = 272
GeV, mg, =9 GeV

pp — 11y with v, — W and 11 — 7Y1.

Ef > 70 GeV, Br > 70 GeV and p}" < 90 GeV
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Conclusions and Outlook

@ Allowed SM-Higgs mass range at LHC:
©3  Consistent with precision measurements
©3 Extrapolation of SM description to very high energies.

@@ 125 GeV Higgs boson consistent with stops ~ 1 TeV and large stop mixing:
©3 No hard bound on the lightest stop mass.

@@ In MSSM, rates may be modified by mixing or by light sfermions.

©3 MSSM parameter region consistent with a 125 GeV Higgs:
@ Stops tend to slightly suppress the photon rate.
o  Light staus can enhance it without modifying other rates in a significant way:.
©3 Light staus with large mixing can also induce relevant mixing effects:
®  Suppression of the bottom quark rates.
R  Further enhancement of the photon rate.
&R  Less dramatic enhancement of the VIV and ZZ rates.

@ EWPT combined with recent Higgs results, favor light sleptons for all three generation
3 Either large tan B with low messenger scale or moderate tan  with high messenger scale.

&® Work-in-Progress: Collider signatures of light staus.
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Atlas results zoomed in the Low Mass region

ATLAS+CMS
Combination
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We observe an excess of events around my~ 126 GeV:

Q local significance 3.6 o, with contributions from the
H-> yy (2.8 0), H> ZZ* - 4l (2.1 0), H> WW®) > Ivlv (1.4 0 ) analyses

O SM Higgs expectation: 2.4 o local > observed excess compatible with signal strength
within +1o

Q the global significance (taking into account Look-Elsewhere-Effect) is -




Small @esr: Br(h—bb)mssm/Br(h—bb)sy

300
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Small @egr: Br(h—yy)mssm/Br(h—yy)sm
T T Mﬁm

For large values of 1 and Ay

one can get suppression of the

Higgs decay into bottom quarks
and therefore enhancement of
photon decay branching ratio

Carena, Mrenna, Wagner’99
Carena, Heinemeyer,Wagner, Weiglein’0

Such scenario, however, demands
small values of the the CP-odd
Higgs mass and large tanbeta and
seems to be in conflict with
non-standard Higgs boson searches

Carena, Draper, Liu,Wagner’| |




Results did not change significantly with the datea update.
Interestingly, the observed limit is somewhat weaker than the
expected one.
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Loop induced gluon and gamma widths

Aw (1) = — [27° + 37 +3(2r = 1)f(7)] 772
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Radiative Corrections to Flavor Conserving Higgs Couplings

® Couplings of down and up quark fermions to both Higgs fields arise
. . . (VP2
after radiative corrections. 2

'

L= dp(haH) + AhgHY)dp %

d 3

® The radiatively induced coupling depends on ratios
of supersymmetry breaking parameters

5
Ah e —
my = hpvy (1 + h—bb tan B) tan 5 V1

Ay Ahy 20 M h? wA,
tan3  hy, 3w max(m: , MZ) 1672 max(m? , u?)

X = Ay — p/tan g ~ Ay Ay = (Eg—l—Ethf)tanﬁ

Resummation : Carena, Garcia, Nierste, C.W.00




