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Fixed-order calculation (SOFTSUSY)

@y MSSM
Ms M2 at O(LL + (a¢ + ap)as + (ar + ap)?)
| + 0(a?) + O((ax + ap)a?)
v
& MSSM
®
Y My veb at O(1L 4+ a?), v at 1L,
g3 at O(1L + a2 + (ar + ap)as)
SM(5)

Mﬁ: [0105096, 0112177, 0212132, 0206101, 0305127, 1708.05720]
yt’b: (0210258, 0507139, 0707.0650, 0912.4652], £3. [0509048, 0810.5101, 1009.5455]

Qlem . [1411.7040], ﬁ,': [0308231, 0408128]
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Uncertainty estimate of the fixed-order calculation

Inspired by [1609.00371], we consider 5 sources of uncertainty:

MM = max IM(Qo) — My(Ms)]
AM(Qeer) o X |Mp(Qmatch) — Ma(Mz)|  New!
AME™ = |Myp(mi) = My(m®)| 100057
AM™) = | My(alD) = My(a®) New
AME) = [ My(all)) = M) New!

Combination:

AM,SSSH{) _ AM,SQPOIE) + AMISQmatCh) 4 AM,(]’"t) 4 AM/SQS) 4 AMlSOéem)
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Uncertainty estimate of the fixed-order calculation

Calculation of m; in two different ways as proposed in
[1609.00371]:

mP = M, + 5% 4 m, [T 4 5 F]
= - ~ 2
LM, {Zgl),SQCD +s@saco (Z(tl),SQCD) }

mgz) = M; + ﬂl)’s + my [igl)’L + igl)’R}

m, [igl)’SQCD n igZ),SQCD}

Calculation of ag and aem in two different ways:
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Uncertainty estimate

of the fixed-order calculation

X, = f\/(_SMS,tanB =20
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EFT calculation from FlexibleSUSY (HSSUSY)
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EFT calculation from FlexibleSUSY (HSSUSY)

MSSM
Ms X at O(1L + (i + ap)as + (o + ap)?)
1 + O(apar + a2) + Oferad)
O SM
7| RV S M2 at O(IL + (o + ap)as + (ar + a)?)
+ 0(a3 + aZas + ara? + azal)
Y M, yr at O(1L+ a2 +al), v at 1L,
g3 at O(1L + ag + ag’)
SM(5)

A [1407.4081, 1504.05200, 1703.08166] Mﬁ: [1205.6497, 1504.05200, 1407.4336, 1508.00912]
Yo [9912391, 1205.2892], 83 [9305305, 9707474, 9708255, 0004189

ﬁ, [1201 5868, 1210.6873, 1212.6829, 1205.2892, 1303.4364, 1508.00912, 1508.02680, 1004.00853]
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Uncertainty estimate of the EFT calculation

Inspired by [1407.4081, 1504.05200, 1609.00371], we consider 5
sources of uncertainty:

(Qpole)
AMT = Qpore€lMi2,2M] | Mh(Qpote) — Mi(M¢)] oo
AM(Qmatch) — M _ M M )
h Qmatcher[n,\/?sx/2,2/\/’5] | h(QmatCh) h( 5)| o
SM
AMYT) = [My(y2M?H (M2)) = Ma(ye™*H (M2)| 15405200
w2/ M2
AM,(' /M3) _ ‘Mh _ Mh(v2//\/]§)‘ [1504.05200]
MSSM
AM’SYt ) — ‘Mh _ Mh(yl[\/ISSM(MS))‘ [Bagnaschi, AV, Weiglein]
Combination:
AM,(IHSSUSY) _ A/\/I,(,dee) + AM,()Qmatch) + AM,(,ytSM) + AM}(])’?ASSM)

+ AM
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Uncertainty estimate of the EFT calculation

X; = —V6Mg, tan 3 = 20

combined
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When should the EFT be used?

X, = —/6Ms, tan 5 = 20
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= M = 1.0-1.3TeV for small/large tan 3 and/or X;
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How heavy can the lightest stop be?

Derive an upper bound on m; from the MSSM parameter region
where

@ the Higgs boson mass is in agreement with experiment
(including the theoretical uncertainty from the EFT
calculation):

M, = 125.00 GeV + AMSSY)

@ there is no CCB minimum that is deeper than the EW
vacuum [1407.4081]:

Xt2 1 M Mis
mg, mp <<4_sin25> <m~ +m~
Q3703 u3 Q

3
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How heavy can the lightest stop be?

Chose tan § = 1 so that (m%,)tree = 0 = largest corrections from
stops are required
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Uncertainty estimate in FlexibleSUSY

Fixed-order calculation (FS+H):
e vary Qpole € [Ms/2,2Ms]
o all(Mz) vs. a2t(Myz)

EFT calculation (HSSUSY):

e vary Qpole € [M:/2,2M;] [SM uncertainty]
o y2(Mz) vs. y2t(Mz) [SM uncertainty]
o A(Ms) vs. A(Ms) + v?/ M2 [EFT uncertainty]
o vary Qmatch € [Ms/2,2Ms] [SUSY uncertainty]
o yoM(Ms) vs. yMSSM(Ms) [SUSY uncertainty]
Hybrid calculation (FlexibleEFTHiggs-2.0):
e vary Qpole € [M:/2,2M;] [SM uncertainty]
o y2L(Mz) vs. y3t(Mz) [SM uncertainty]
e vary Qmatch € [Ms/2,2Ms] [SUSY uncertainty]
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M), at 1-loop and scale variation

1 M2 X2 X4
M; = 4(gy+gz)v cos 2B+6yt [I 5+ -

(47)2 Mz 12Mmé

13 16
(47T)2IBYt = 15g1yt 3322Yt - §g32yt + 6)’t3 ~ =2

=V (6yt — 5.33g32) ~0 for g1=g=0
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M), scale variation

tan(B) = 20, X{MS = —Sqrt[6]
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