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Motivation

Is there new physics (NP) behind the Higgs boson?

e New scalar particle discovered at the LHC with mass
mpy = 125.09 £ 0.21 (stat.) + 0.11 (syst.) GeV
ATLAS+CMS, 2015] seems to behave as SM Higgs boson.

e Many SM extensions enlarge Higgs sector, including a
SM-like Higgs boson.

e In Two-Higgs-Doublet models (2HDM) there are 5 physical
states: 2 charged (H*) and 3 neutral (h, H, A).

e MSSM also contains 2 Higgs doublets with a light neutral
scalar (h) compatible with discovered SM-like Higgs boson.

at the LHC through the observable R = BI(E= )

Possibility of probing (non-)SUSY nature of Higgs bosons
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Introduction

e R receives large renormalization-scheme independent
radiative corrections in SUSY models at large tan 5, absent
in the SM or 2HDM: discriminant quantity between SUSY
and non-SUSY models [Guasch et al., 2001].

e Leading radiative corrections to R summarized in Amy and
Am, [Hall et al., 1993; Carena et al., 1994]:

I mb,T(Q) 1 )
' veos B 14 Amy ,

e Experimentally: clean observable, measurable at present
colliders, main systematic errors cancel (except 7- and b-
tagging).

e Theoretically: independent of Higgs production mechanism
and of the total width; insensitive to NP effects and
unknown high-order QCD corrections to Higgs x-section
production; only depends on the ratio of the masses.
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R in the MSSM

RNG) (14 Am.) (- cotadm + ang)’
RSM - (1+ Amyp)? (— cot aAm, + tan )2 ’
RMSSM(H) (14 Amg,)? (tan aAmy, + tan )
RSM T (1+ Amp)? (tan aAm., + tan §)2
RMSSM(A) (14 Am,)® (tan 82 — Amy)>
RSM (14 Amp)? (tan 82 — Am,)?

e Normalized RM55M(4)/RSM dependent only on tan 3, tan a, Amy and
Am,, encoding all the genuine SUSY corrections.

o Amy and Am, independent of the SUSY mass scale Msusy, only
depend on tan 8 and the ratio A¢/Msusy.

Sensitivity to SUSY nature of Higgs sector through the analysis
of R is independent of SUSY scale. J
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MSSM scenarios

® ;1 <0 A; > 0 scenario [Guasch et al., 2001]:
mg = Mé = M{l = Mﬁ = M2 = |/J,| = Ab = AT = |At| = 1.5 TeV.

® Benchmark scenarios [Carena et al., 2013]:

52
My, = My, = Mg, = M, = Msusy; My = 353 My;
M;, , = 1500 GeV, M;,

=500 GeV; Ay =0 (f =¢,s,d,u, p, e).

Parameter m?°d+ mired light-stop light-stau
Msusy 1000 GeV 1000 GeV 500 GeV 1000 GeV
m 200 GeV 200 GeV 350 GeV 500 GeV
M> 200 GeV 200 GeV 350 GeV 200 GeV
Xy 1.6 Msusy -1.9 Msusy 2 Msusy 1.6 Msusy

Ap =A,=A =A,=A =A.=A+ =A;, A =0
mg 1500 GeV 1500 GeV 1500 GeV 1500 GeV
M[S 1000 GeV 1000 GeV 1000 GeV 245 GeV

e pMSSM 2392587 [Cahill-Rowley et al., 2013]:
= 3955 GeV, Ma = 1606 GeV, M3 = 313 GeV, M;, = 2493 GeV,
My, = 2154 GeV, M; = 2009 GeV, Ay = 2067 GeV, Ay = —3905
GeV, Mz, = 3167 GeV, Ms, = 2319 GeV, A, = 2223 GeV.
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LHC data and constraints

ATLAS and CMS generic fits to Higgs coupling ratios

o CMS: A2 = 0.597522 \SMS — 0.7973-1% [CMS, 2014] =
RMS = 0.5615:25.

e ATLAS: \j7-45 = 0.60 + 0.27, \2Z545 = 0.997023 [ATLAS, 2015] =
RATI LAS = 0. 37+8 ;(;

e Combined [Barlow, 2004]: Apz = 0.59 £ 0.17, -z = 0.897012 =
RComblned Rexp/RSM 0451»838
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Dependence of RM3M(p) with My
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Decoupling behavior with M 4 in all scenarios.

<0 A¢ > 0: largest deviations but excluded by ATLAS, CMS, and
Combined, and also disfavored by BR(Bs — putpu™).

. m?°d+: allowed by CMS, deviations around 20%.
mf"d': allowed by CMS, indistinguishable from SM.
light-stop, light-stau: larger deviations up to 40%.

pMSSM: 50% deviations, allowed by data if M4 < 500 GeV.
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Dependence of RM3M(p) with tan 3
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® No significant deviations in m'ﬁmd"', miod- light-stop, and light-stau

scenarios, up to 10%.
® pMSSM: predictions allowed by CMS for any value of tan 3, and by ATLAS
and the combined analysis if tan 8 2> 50; largest deviation around 50% for

tan 8 = 60.
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Dependence of RMSM(H/A) with tan 3

RMSSM(y/a)/RSM

light-stop *
light-stau 2

pMSSM
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0.4 H

mrﬁ“’d"' for tan B 2 55, rest of scenarios for tan 3 > 20.

® 29 m’ﬁlo‘ﬂ' for tan 8 = 20, rest of scenarios for tan 8 2 5.

(] : guaranteed for any of these 4 scenarios with tan 2 5
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Higgs coupling accuracies

| Observable | LHC | HL-LHC || LC [ HL-LHC+LC |

Hbb 10-13% [ 47% [ 0.6% 0.6%
Hr7 6-8% | 25% [ 1.3% 1.2%
| R [[3242% | 12-24% [ 4% | 3% |

Table: Expected accuracy with which fundamental Higgs couplings
Hbb and H77 and derived R = BR(H — bb)/BR(H — 77) can be
measured at the LHC/HL-LHC, LC and in combined analyses of the
HL-LHC and LC [Dawson et al., 2013].
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Searches for neutral MSSM Higgs bosons decaying to 77

CMS hH,aA 19.7 fb” (8 TeV) + 4.9 fb” (7 TeV,
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Potential discrimination with RMSSM(p)
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e HL-LHC only sensitive to SUSY nature of h for large values of M4

and tan 5.

® LC can probe h SUSY nature for any value of M4 and tan (.

Invisibles15 Workshop, 22-26 June 2015, Madrid, Spain.

Ernesto Arganda



Potential discrimination with RMSSM(H/A)
|IRMSSM(H/A)/IRSM-1| |[RMSSM(H/A)IRSM-1|
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® LHC could probe SUSY nature of H/A for M4 2 500 GeV with tan 3 2 20.
® HL-LHC could discriminate between SUSY and non-SUSY models for
practically any value of M4 with tan 3 2 5.
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Conclusions

Update of the analysis of R = BR(H — bb)/BR(H — 77) to look for a
strong evidence for SUSY nature of Higgs bosons.

Realistic MSSM scenarios with mj compatible with mysm ~ 125 GeV.
Taken into account constraints by LHC data on Hbb and H77
couplings, and by the ATLAS and CMS searches for heavy neutral
MSSM Higgs bosons. Expected accuracy for these couplings at the
HL-LHC and the future LC also considered.

Small region of MSSM parameter space sensitive to SUSY nature of h
allowed by present measurements. Not reliable conclusion because a
large region of parameter space allowed by CMS experiment, but
excluded by ATLAS experiment and our combined result at 68% C.L.

To be sensitive to SUSY nature of h, a 3 — 4% measurement required,

to be performed at a future LC.

LHC capable of discriminating between SUSY and non-SUSY
models if new Higgs boson discovered and its couplings to b
quarks and 7 leptons measured with moderate level of accuracy.
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