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Abstract

The future Higgs factories focus on the precision measurements of the Higgs mass
and couplings, which are sensitive to the parameter space of the Minimal Supersymmet-
ric Standard Model (MSSM). We study the implication of the Higgs precision measure-
ments on MSSM using multi-variable χ2 fit. The results show nice complementarity
between the indirect searches at Higgs factories and the direct searches at the current
LHC Run-II and future HL-LHC.

Direct searches on the extended Higgs sector are extensively explored at the Large Hadron
Collider (LHC). Complementary to the direct searches, the Higgs precision measurements provide
an alternative way to study the new physics effects. There are several proposals to build Higgs
factories in the pursuit of precision Higgs measurements, including the Circular Electron Positron
Collider (CEPC) in China [1], the electron-positron stage of the Future Circular Collider (FCC-
ee) at CERN [2, 3], and the International Linear Collider (ILC) in Japan [4]. These future Higgs
factories will be the frontier of the precision measurements which will be sensitive to the new
physics.

As a well-motivated model to solve problems like the naturalness problem, and the origin of
dark matter, the MSSM is the simplest extension of the Standard Model with Supersymmetry. Each
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SM particle has its supersymmetric partner with spin differed by a half. The Higgs sector of the
MSSM follows that of the Type-II two Higgs doublet model with one Higgs doublet couples to the
up-type quarks, and the other doublet couples to the down-type quarks and charged leptons. After
the electroweak symmetry breaking, there are five physical fields labeled as A, h, H and H±, in
which h and H are CP-even bosons and A is the CP-odd one.

The MSSM Higgs sector at the tree level is described by only two input parameters mA and
tan β, the mass of the CP-odd Higgs boson and the ratio of the vacuum expectation of the two
Higgs fields. Both the mass and the couplings of the SM-like light CP-even Higgs h receive
radiative corrections, which are sensitive to the parameter parameters. In particular, the dominant
contribution to the SM-like Higgs mass comes from the stop sector. To capture the dominant
effects, we mainly consider four parameters tan β,mA,mSUSY, Xt, with mSUSY being the soft
SUSY breaking parameter for stop masses∗, and Xt being the left-right mixing in the stop mass
matrix: Xt = At − µ cot β. To study the sensitivity of MSSM parameters to the Higgs precision
measurements at Higgs factories, we use a multi-variable χ2 fit:
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Here χ2
mass and χ2

µ gives contribution to the overall χ2 from the Higgs mass and signal strength
measurements, respectively.

Using the χ2 analysis, we study the effects of Higgs precision measurements from Higgs facto-
ries on the MSSM parameter space. We study the individual constraint from the Higgs mass, loop
induced hγγ + hgg channels, as well the channels of Higgs decays to a pair of fermions or gauge
bosons. Putting all contributions together, we project the constraints onto the two-dimensional
planes of mSUSY−Xt, mA−mSUSY, mA− tan β, as well as mSUSY− tan β. We also compare the
sensitivity of indirect search via Higgs precision measurements with direct search limits at current
and future LHC runs.
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∗For simplicity, we assume degenerate mass parameters for t̃L and t̃R.
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