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Scenarios with 1 light Higgs doublet
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Scenarios with 2 light/intermediate Higgs doublets
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Considered sources of uncertainty

SM/SM+split/2HDM-II uncertainty:

S
AMi(, M) — ‘I\/Ih(yt(zL)) - Mh(Yt(3L))’ + QG[AT%W] (Mh = M Q)

EFT uncertainty:

EFT)

AMET) = My — My(AX — BAL+v2/M2))

SUSY uncertainty:

AM},MSSM

My = Ma(yETT(Ms) = yEFT(Ms)[L + Aye])|
Parametric uncertainty:

AMP™) = | My — My(Me £ op,)| + | My — My(as(Mz) % 04,)]
v, =098GeV, o, =0.0006
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Combination of uncertainties

Combination:

AMy =AM+ [ AMETD| 4 [AME] 4 M)
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Individual uncertainties in scenario IV (2HDM-II)
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Observations

For scenario IV (2HDM-II) in the studied range we find:

e Parametric uncertainty dominant:

AMy(M; £ opp,) = (1...2) GeV
AMp(as £ 04,) = (0.1...0.5) GeV

e 2HDM-II uncertainty important:

AMh(Q E [Mf/272Mt]) =
AMy(y2" vs. y3h)

(1...15)GeV (only 1L)
(0.3...0.5) GeV

e EFT uncertainty < 100 MeV for Mg 2> 2 TeV
e SUSY uncertainty < 10 MeV for Mg 2 2 TeV
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| high-scale SUSY
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Il intermediate x;, &
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Effect from non-degenerate spectra

Variation of all SUSY mass parameters by factor 2:
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| high-scale SUSY
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IV light h;, A, H*
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V light h;, A, H*, intermediate ;, &
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VI light h, x;, &, intermediate H, A, H*
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Summary

e study 6 different mass hierarchies of the MSSM with
FlexibleSUSY

e aim for honest uncertainty estimate
4 sources:

e parametric uncertainty (dominant)

e SM/SM+split/2HDM-II uncertainty (important, can be
improved)

e EFT uncertainty (negligible, < 100 MeV for Ms 2 2 TeV)

e SUSY uncertainty (negligible? < 10 MeV for Ms > 2 TeV)
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| high-scale SUSY

Input parameters:

tan 3PR(Ms), APR(Ms), mRR(Ms), uPR(Ms), MPR(Ms), (m?)2R(Ms)
Threshold correction:
1
A(Ms) = 3 (ggf + g22> cos?23 + AN + ANt

[1407.4081, 1703.08166]
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Il light i, &

Lsmisplit = Lsm + Lsplit,

Moo Myo... M
‘Csplit D—%BB—%W’W’ 3~ax

2 g — - Hy

- (N2UUIWI +§1uB) H,

SITH

' <_g2d‘7iV~Vi + E’ldB) Fy+h.c.
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Il light x;, &
Input parameters:
tan §OR(Ms), APR(Ms), mRR (Ms), iS(Mz), MI*™(Mz), ()RR (Ms)
Threshold correction:

~ 1/3 . -
AM(Ms) = 7 (5g12 + g22) cos? 23 + AN + AN,
- 3
E1u(Ms) = [ zeusinf + ARy,

N 3
£14(Ms) = \[5& cos B+ Agly,

2u(Ms) = gosin B+ Mgy,
824(Ms) = ga cos B + Agag

[1407.4081]
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Il intermediate x;, &

Input parameters:

tan SPR(Ms), APR(Ms), mER(Ms), 1M (Qspiic), MM (Qspiie), (m2)2R (Ms)

Threshold correction:

)‘(Qsplit) = S\(Qsplit) + A)\IL,XI
ye P Qpie) = v (Qupi) (1 + D)
giSM+sp|it(Qsplit) = giSM(Qsp“t)(]. + Ag;)

[1407.4081]
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IV light h;, A, H*

Lovpm D — mi|Hy[2 + m3|Hal? — M (H{H1)? — Xo(H) Ha)?
— A3|Hi 2| Ha|? — Aa|HIHy |2

A
+ |m2yHIH, — 75(/"1""2)2 — Ne(H] H1)(H{H>)

— M (HIHo)(HHo) + h.c.|.
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IV light h;, A, H*

Input parameters:

tan BMS(M,), APR(Ms), miS(My), uPR(Ms), MPR(Ms), (m2)PR(Ms)

Threshold correction:

1/3

n(Ms) = 5 (G +8) + AL+ AN
1/3

aa(Ms) = 3 (67 +2) + AA%L o

1/3
A3(Ms) = = (5g1 +g2) P8l an

2
A(Ms) = — +A/\ Ly an2t
)\5(/\/15):0+A)\ L4 Azt
Ae(Ms) = 0+ AN + ANt
A7(Ms) = 0+ AME + AN

[0901.2065, 1508.00576] 15/ 1s



V light h;, A, H*, intermediate x;, &

Lonpmsplit = L2HDM + Lsplit,
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V light h;, A, H*, intermediate y;, &
Input parameters:

tan SMS(My), APR(Ms), m¥S(Me), 1™ (Qupiic)s MMS(Qupiie), (m2)R (M)

Threshold correction:
. 1/3 . -
M= <5g12 +g22) + AN 4 ANt
~ 1

3 < -
A= 7 <5g12 + g22> + AN+ AN

~ g g) B it AT
3= 581 T & |+ 5 H AN AN
Se— 8 AKX AR

4 = 5 4
Ni=0+AN"+ AN (i=5,6,7)

~ 3 o - 3 -
4= \/ggl, hia = &2, h,, = \/ggl, hoy = g

[0901.2065, 1508.00576]
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VI light h, xi, &, intermediate H, A, H*
Input parameters:

tan gMS >(Q@21pMm); AItTR(MS)a mD\/TS(Q2HDM) W(MZ) MMS(MZ) (m )ﬁ
Threshold correction:
= 25\1cg + 25\252 + 2 (5\3 + 5\4 + 5\5) césé + 45\6cgs/3 + 45\7%5
+ A)\2HDM+sp|it—SM+split

SM+split __ , 2HDM+-split
p P = "
MiSM+spI|t _ MiZHDM—i-spht
~2HDM+spI|t—SM+spI|t 1L
glu—hzusmﬁ—l—A ,
o ~2HDM+spI|t—SM+spI|t 1L
81d = hld cos 5 + Ag14

-~ ~ . ~2HDM+split—-SM-+split, 1L
&ou = haysin B+ Ag;, P P

~ 7 ~2HDM+-split—-SM+split, 1L
82d = higcos B+ A, P P

[0901.2065, 1508.00576]
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Determination of EFT parameters

Fixed by observables:

Input Output

al®(My) = oEFT(Mz) = gEFT(My)
Gr — sin0ST(Mz) —  gfFT(Mz)
OZSM(S)(MZ) _ gEFT(MZ)
MZ — mEFT(Mz) — VEFT(Mz)
M, — mErT(Mz) = yETT(Mg)
m " Omp) = mET(Mz) = yEFT(M)
M, SomET(My) o V(M)
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Determination of gt T(My)

Input: 2" (M) = 0.1181

%
SM(5
aEFT(MZ) _ Qs ( )(MZ)

s 1— Aas(My)

with
_ Qg 2 mg .

Aag(Q) = 5 {—3 log 0 + BSM contrib.

=

g5 ' (Mz) = \/4maEFT(My)
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Determination of yEFT(Mz)

f mEFT( )

EFT(MZ) (MZ)

where
mEFT(Q) = My + Re X§(Mz) + M, | Re TH(My)

+ReZR(MZ)+Am1Lg'“°" +Am 2Lg|uon}

2
4 — 3log <g§>]

2
Ame,gluon _ (Amll_L,gluon)

2 2
396 log? (gg) — 1452log ('g;)

1L,gluon __ g3
Ame = T o

s
460874

— 48¢(3) + 2053 + 167%(1 + log 4)}
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Determination of vEFT

The VEV vEFT is calculated from the running Z mass at Q@ = My:

2mEFT(Mz)

&y +a3

mET(Mz) = /M3 + M (p? = M3, Q = M)

VEFT(MZ) —

vEFT evolves under RG running according to

[Sperling, Stockinger, AV, 2013, 2014]
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