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Building a spectrum generator with FlexibleSUSY

Building the spectrum generator:

$ ./createmodel --name=HSSUSY
$ ./configure --with-models=HSSUSY
$ make -j4

Run the spectrum generator from the command line:

$ cd models/HSSUSY/
$ ./run_HSSUSY.x \
--slha-input-file=LesHouches.in.HSSUSY

Run the spectrum generator from Mathematica:

$ math -run "<< \"models/HSSUSY/run_HSSUSY.m\""




Fixed-order calculation (NUHMSSMNoFVHimalaya)

@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]

ﬁ;: [0308231, 0408128]
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EFT calcul

ation: MSSM - SM (HSSUSY)

@y MSSM
Ms X at O(1L + (i + ap)as + (o + ap)?)
| + 0(a2)
9 SM
| N D M2 at O(1L + (a + as)are)
i ' + O(a? + a2as + ara?)
Y M, yr at O(1L+ a2 +al), v at 1L,
g3 at O(IL + a2 +a?)
SM(5)

A [1407.4081
Yo 9912391,

Bi: (1201586

, 1504.05200, 1703.08166] Mﬁ: [1205.6497, 1504.05200, 1407.4336]
1205.2892], £3: [9305305, 9707474, 9708255, 0004189

8, 1210.6873, 1212.6829, 1205.2892, 1303.4364]
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EFT calculation: MSSM - split-MSSM (Sp1itMSSM)

MSSM
+ Ms A at O(1L + aas)
'gé split-MSSM
('_,\I Mt """""""""" M[Z, at O(1L+(Oét+0é5)0ét+ozt0é§)
v vt at O(1L + a?2), v at 1L,
M s
‘ gs at O(1L)
SM(5)

. 2.
)\. [1407.4081] Mh [1205.6497, 1312.5220]

Yo [1312.5220]
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Hybrid calculation: FlexibleEFTHiggs (MSSMEFTHiggs)

‘ MSSM
A MS
5 SM
x
Al Mpp--------------
A 4 MZ
SM(5)

2.
Mh . [1205.6497, 1504.05200, 1407.4336]

A at O(1L + all v/ M%)

M2 at O(1L + (ar + as)art)
+ O0(a3 + a?as + ara?)

yr at O(1L+ a2 +al), v at 1L,

g3 at O(1L + a2 + a?)

Yo [9912391, 1205.2892], Z3: [9305305, 9707474, 9708255, 0004189

ﬁi: [1201.5868, 1210.6873, 1212.6829, 1205.2892, 1303.4364]
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Results
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Backup



Uncertainty estimate
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Uncertainty estimate

Fixed-order calculation (FS+H):
e vary Qpole € [Ms/2,2Ms]
o all(Mz) vs. a2t(Mz)
EFT calculation (HSSUSY):
e vary Qpole € [M¢/2,2M;]
o ytH(Mz) vs. yH(Mz)
o A(Ms) vs. A(Ms) + v?/ M2
e vary Qmatch € [Ms/2,2Ms]
o y2"(Ms) vs. y}5SM(Ms)
Hybrid calculation (FlexibleEFTHiggs):
e vary Qpole € [M:/2,2M;]
o yiH(Mz) vs. yiH(Mz)
* vary Qmatch € [Ms/2,2Ms]

[SM uncertainty]
[SM uncertainty]
[EFT uncertainty]
[SUSY uncertainty]
[SUSY uncertainty]

[SM uncertainty]
[SM uncertainty]
[SUSY uncertainty]
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Determination of g3(My)

Input:  a2"® (M) = 0.1185
%

aSSM(S)(Mz)

s(Mz) =
s(Mz) = 1= Aalt(Mz) — Aa2t(Mz) — Aa3L(M;z)

SM: O(as + Ozg + ag) [9305305, 9707474, 9708255, 0004189
split-MSSM: O(as) [9305305, 9707474, 9708255, 0004189)]
MSSM: O(as + Ozg + (Ozt + ab)as) [0509048, 0810.5101, 1009.5455]
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Determination of m,(My)

Input: M, =173.34 GeV
_>

mi(Mz) = M+ Re X3 (Mz)
+ M| Re TH(Myz) + Re Xf (M)
+Amit + Am?t 4 Am‘:’L}
SM: O(lL + Ozg + ch’) [9912391, 1205.2892)

split-MSSM: O(1L + Ozg) [1312.5220]
MSSM: O(1L + ag) (0210258, 0507139]
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Determination of mM>M(My)

Input: sz(S)’MS(mb) = 4.18 GeV
— running to miM(s)’MS(I\/IZ) at O(aem + a3)
— convert to miM(S)’DR(MZ) at O(aem + as)

_>

SM(5),DR
mb(MZ) — b (MZ) ’
1-— Am,l)L — Am%L
Ampt = T3(p? = (my "), Mz) /m,

+ 55 = (mM®)2 Mz) + 58 (p? = (mp" )2, My)
2L 2L.d «
Amg- = Amy % — 3—;Am}f

. 2L.d
with Amb e at O(Ozg) from [0707.0650, 0810.5101]
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Determination of v(Mjy)

Input: Mz =91.1876 GeV

_>
2mz(Mz)

v(Mz) =
/8% (Mz) + g2(Mz)

mz(Mz) = /M2 + N (p? = M2, Q = Mz)
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Determination of g; and g» as in BPMZ s

Input:  agm®(Mz) = 1/127.916, Gr = 1.1663787 - 10~5GeV/>

_>
an(Mz) = 2 (M)
em\MZ) T 1 AGlL (My)
«/47raem I\/IZ 4 cem(Mz)
1(Mz) M) = VT em\MZ)
2) \/; cos By - &Mz) sin 6y, (Mz)
.2 2 T Qtem
sin“d,, cos” 0, =
V2M2ZGg(1 - 6,)
ReZw 7(0) ReXzr(M3) )
b = LA ’ Svg + 02
p Mﬁv M% +ove + 0,
. 1 . Yz 7(M2)  Tw, (M) A2
= Ap=R ’ - = ApP)
P=1"ap p e[ SM2 V2, +



Determination of M2 in the SM and split-MSSM

SM: lterate until p? = M,27:
Mpy = mj + (Amp)10(p%) + (Am})ar(p?) + (Amp)s.
O(IL + (o + as)ae + (aF + aras + a?)ay)

[1205.6497, 1504.05200, 1407.4336]

Note: O(a3?) incomplete due to missing p>-dependence of O(a?)

split-MSSM: Iterate until p?> = M2:
Mi; = mj + (Amp)1(p?) + (Amp)ar + (Amp)a

split-MSSM: O(lL + (Ozt + as)at + Octozg) [1205.6497, 1312.5220]
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Determination of M2 in the MSSM

Iterate until p? = M2:
I\/l,% = Eigenvalue {m,z, + (Am%)ll_(p2) + (Am,z,)zL + (Am%)u}

MSSM: O(1L + (vt + ap)as + (e + ap)? + a2 + (ar + ap)a?)

[0105096, 0112177, 0212132, 0206101, 0305127, 1708.05720]

9/9



Determination of A in the FlexibleEFTHiggs

[1609.00371, 1703.03267, 1710.03760]

Matching condition:

(M)sm = (MZ)missm at 1L at Q = Ms

With (M%)SM =2 + (Am%)SM
=

AMs) = 5 [(MR)ussu — (Am?)su]
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