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e Triplet contributes @ tree level to mpy = less fine-tuning
e Possible enhancement of H — v

e Possible CP violation generates matter-antimatter asymmetry

Espinosa, Quiros '92 2
S. Di Chiara Planck 2014



Triplet Extension of MSSM

Triplet of SU(2);, (adjoint, Y = 0) defined by

1 0 +
T(ﬁT T )
T =TV |
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The renormalizable superpontential of TESSM includes only two extra
terms as compared to MSSM:

Wressm = purTe(TT)+upHaHy+AHTHy+y,UH,Q—ysDHQ—y. EFH L |
Soft terms:

Ve = {,UTBTTT(TT) + upBpHyH, + MArH,TH, + y At H,Qp, + h.c.}
+mZETe(TTT) +m2 |Hy|? + m? | Hyl* + ...,
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T parameter & Higgs Mass at TL

Real vacuum expectation value(s) (vev) for the scalar neutral compo-

nents:
(1) =7, (H) =%, (H})=—7

give non-zero tree level contribution to the EW I' parameter

om2,  4v?
ol =W _ T 7 <02 = up<5GeV.
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In the limit of large |Bp| (favoured by stability):
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Large values of A\ reduce quantum corrections = less fine tuning (FT).
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RHiggs Mass at |L

One loop (1L) contribution to scalar masses obtained from Coleman-
Weinberg potential

1 M? 3
— T 4 2
VoW = G T{M (Og 7 2)}

where M? are field-dependent mass matrices (fields not replaced with
vevs). Neutral scalar mass matrix 1L contribution, AM3,, given by

0*Vow (a) 0i; OVow(a)
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( MhO) / 60@6@]' vev <CLz> aai vev ‘ ‘ d } /\/_

Derivatives evaluated numerically at each data point in the parameter
space.

Espinosa, Quiros '92; Setzer, Spinner '06; Diaz-Cruz et al. '07;
SD, Hsieh '08; Delgado et al. '12,’13; Arina et al. '14
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Parameter Space Scan

To evaluate the phenomenological viability of TESSM we scan randomly
the parameter space in the region defined by:

1< tﬁ < 10 7‘)\’ <2 ) |MD7,UT’ < 2 TeV ) ’MlyMQ‘ < 1 TeV 9
|At,AT,BD,BT| < 2 TeV , 500 GeV < maq,mg, mpg < 2 TeV

and stop after collecting 13347 satisfying the direct search constraints

IV

myo = 125.5+0.1GeV ; my,.,, m. o 65 GeV ;
hi 1,2 X1,2,3.4,5
Mpg Myt My x> 100 GeV 5 myg, ;M = 630 GeV .

1,2,3 X1,2.3
Light Higgs mass matched to 125.5 GeV by bootstrapping A between

the tree level and the one loop m3,.
1
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We calculate the 2

result) and require t
GeV): 7732 satisfy
m2* by using its ful

Perturbativity

loop beta functions for v, yp, Yr, A, 93, g2, 91 (new
hose to be less than 27* at the GUT scale (2 x 1019
perturbativity constraint. Then we calculate FT in

1L beta 8,2 (new result):

0 log v? B2 A
FT = EW 2(A) =m2 (M —~ log [ —
dlogm?2 (A) "’ ma () = my (Mz) 1672 ° My
5000 Red= non-perturbative, yel-
[ ow= perturbative @ 2L, blue=
00 nerturbative; A too small to
3000 B reduce FT, but
n =
2000 - e no GUT for TESSM
1000
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A We choose Ay = 104 Tﬁé

e Spontaneous SUSY break-
ing might change 3
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Fine Tuning

At Ayy = 10* TeV 11244 perturbative viable points; tan 3 and \
strongly correlated; for large A regions ruled out in MSSM are viable.
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Fine Tuning

New regions of parameter space become accessible for large A coupling.

1500

1000 |

FT

500!

—2"";1"'0 'i"‘z
A, (TeV)

9
S. Di Chiara Planck 2014



Higgs Physics at LHC

Light Higgs linear coupling terms that mimicking TESSM contributions:

2m? 2 _
Lot = aw—WRWIW ™ 4 azZ2h7,2" — N ay—Lhii)
Vw Uw Vw
Y=t,b,T
2m? 2m>2
—ay mZhZ*Z—aS mShS+S_,
Vuw Vuw

with 22 and S are, respectively, coloured and charged scalar bosons.
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Higgs to diphoton

o 3 2

Qe ATy, 2 -
h—~yy — 2567"'3?}120 § Niei a;b; y U= W7 t, b7 T, C, S )
i

with IV; number of colors, e; electric charge, and F; partial amplitudes.
In the limit of heavy ST, one finds

3 2
1 4 1
FS — _§7 as — —3 E (th: —|— inlz) —|— E (gFEJ —|— gFI;J)
v J

Gunion et al. - The Higgs Hunter's Guide 11
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Higgs to 2 gluons & mH constraint

0423

mh :
Fh—>gg — 12887_‘_32]120 Z aiFi , 1=1, ba C, 2. )

1

where

2
ay = —SZ (ng —+ ng) :

J

Applying the formulas above to the heavy Higgs, we impose the con-
straint:

(770 GeV)?

g 2
m?,
h’2

/I __ SM
a <08, ay="Tp_4/T

h—gg -

10957 out of 11244 perturbative data points satisfy it.

CMS-HIG-13-014-PAS 12
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Enhanced & Suppressed h — vy

We find both enhanced and suppressed Higgs to diphoton decay rates
relative to SM: different from results in literature.
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Comparison with previous results

Scanning similar* region of parameter space (A, up, ur, My > 0 with
light chargino) we get equivalent results, so TESSM does not naturally
enhance the Higgs to diphoton decay.
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* SD, Hsieh '08; Delgado et al. '12,'13; Arina et al. '14 14
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Even for low values of tan 5, Br(Bs — X,) possibly large:

it at NLO.

S. Di Chiara

Br(B,—>X,y)x10*
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SUSY NLO

we calculate

T T I
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Goodness of Fit

We minimize the quantity

O?XP_Oth 2
X2:Z< ZO_§3Xp z) 7

7 (/

with aw = az = 1,ay = ay. In the limit of small deviations from the
optimal values, and neglecting b — s7:

afr—af ag —ag as — a
AX2=X2—X3m'n=5TP_15> 5T:< / f’ S S7 » z) |

o Og Oy
with
ar=1.13 or=0.17 1 —0.55 —0.67
asg = 0.80 os =279 , p= —0.55 1 0.70
ax = 0.25 oy = 0.43 —0.67 0.70 1
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Viable regions

Values of a, (aq) for viable data points shown in gray (black).

S. Di Chiara

Planck 2014



Viable regions
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Viable data points in
black: no point matches
optimal ax value.

In general TESSM un-
der constrained by Higgs
physics, but that might
change at LHC2.
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chi®2 vs FT

Large values of A disfavored as compared to MSSM-like data points,
because of Br(Bs — Xs7v). If large enhancement/suppression of h —
vy (ATLAS/CMS) confirmed at LHC2, though, TESSM better suited
than MSSM to explain (=fit) it.
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chi®2 vs FT THANK YOU!

Large values of A disfavored as compared to MSSM-like data points,
because of Br(Bs — Xs7v). If large enhancement/suppression of h —
vy (ATLAS/CMS) confirmed at LHC2, though, TESSM better suited
than MSSM to explain (=fit) it.
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