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1. The Quest for Precision
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= Clear discovery at ~ 125 GeV!

— can be interpreted as the light(/heavy) CP-even MSSM Higgs
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The Higgs mass accuracy: experiment vs. theory:

Experiment:

ATLAS: M;"P = 125.36 + 0.37 £ 0.18 GeV
CMS: M;"P = 125.03 £ 0.27 £ 0.15 GeV
combined: M7*P =125.09 +0.21 +0.11 GeV
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The Higgs mass accuracy: experiment vs. theory:

Experiment:

ATLAS: M;"P = 125.36 + 0.37 £ 0.18 GeV
CMS: M;"P = 125.03 £ 0.27 £ 0.15 GeV
combined: M7*P =125.09 +0.21 +0.11 GeV

MSSM theory:

LHCHXSWG adopted FeynHiggs for the prediction of MSSM Higgs boson
masses and mixings (considered to be the code containing the most com-
plete implementation of higher-order corrections)

FeynHiggs: SMINC 3 GeV (now 2 GeV?)

— rough estimate, FeynHiggs contains algorithm to evaluate uncertainty,
depending on parameter point
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Working group on M; predictions: sites.google.com/site/kutsmh

Katharsis of Ultimate Theory Sta dards

N\
Precise Calculat of \
( ) k f“?&"\f ’ \\

- e Organized by:

‘ Iggs BOSO" mass M. Carena, H. Haber

R. Harlander, S. Heinemeyer

Local organizer: W. Porod . Hollik, P. Slavich, G. Weiglein
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The MSSM:

= Superpartners for Standard Model particles

Standard particles SUSY particles

o Quarks o Leptans ’ Force parlicles Squarks ) Sleptons -,} SUSY force
particies
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Enlarged Higgs sector: Two Higgs doublets

H, — (H% ) _ <01+(¢1+i><1)/\/§)
H3 1

N F RN
° Hz vo 4+ (P2 +ix2)/V?2

V. = miHHy +m5HyHy — mis(eqpHYHS + h.c.)

_|_

12 2 2
g +g - x g .
(Hyfy — Hof2)? + 7 |Hy |
o ~ g \/
gauge couplings, in contrast to SM

physical states: h9, HO, A0 H=*
Goldstone bosons: G9, G+

Input parameters: (to be determined experimentally)

tan g :U—Q, M?% = —m3,(tan 8 4+ cot3)
v1
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Enlarged Higgs sector: Two Higgs doublets with CP violation

_ (U1+(¢1+i><1)/\/§>

Hy B
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|
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[l NO B el
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H; ) ( b3 ) it
H3 vo 4 (P2 +ix2)/V2

V. = miHiHy +m5HyHy — mis(eqpHYHS + h.c.)

5
[
=

12 2 2
g - +g _ _ g —
+ (H1Hy — HyH)? 4+ “— |HqH>|?
A § -~ \2,./

gauge couplings, in contrast to SM

physical states: h9, HO, A0 H=*
2 C’P-violating phases: &, arg(mio) = can be set/rotated to zero

Input parameters: (to be determined experimentally)

(V)
tanf = =2, M2,
U1
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2. MSSM Higgs mass calculationss
Method I:

Higher-order corrections in the Feynman diagrammatic method:

Propagator/Mass matrix at tree-level:

(qQ—m% 0] )
2 2
0 qc —my,

Propagator / mass matrix with higher-order corrections
(— Feynman-diagrammatic approach):

> —m? + X yu(g?) > 1n(q?)
Mi%H(CIQ) —
> (g?) q> —m2 4+ 2p(q?)

>,i(¢%) (i,j = h,H) : renormalized Higgs self-energies

CP-even fields can mix

= complex roots of det(M?;(g?)): M%i(z’ =1,2); M2 = M?—iMl
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Calculation of renormalized Higgs boson self-energies:
S(2) =W+ =@ () + ...

all MSSM particles contribute
main contribution: ¢/t sector (f: scalar top, SUSY partner of the t)

Very leading 1-Loop:

2-Loop:
To avoid large corrections:
On-shell renormalization of the scalar top sector = XtoS

ot () 2]
My My

~ my
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Structure of higher-order corrections:

One-loop:

TWOTIOOP: AN ~ i { s [L7 4 L+ LO) + of [17 + 1+ LO]}

T hree-loop:

AME ~mz{ ol |17+ 17+ L+ LO]
+afas |17+ L7 + L+ L°]

+of [P+ L7+ L+ L0}
Partial results: [S. Martin '07]
[R. Harlander, P. Kant, L. Mihaila, M. Steinhauser '08] = H3m

H3m adds O (ato@) corrections to FeynHiggs

Large my = large L = resummation of logs necessary = MethodlIl
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Advantages of Feynman-diagrammatic method:

— all contributions at fixed order are captured
— trivial to include many SUSY scales

— full control over Higgs boson self-energies
— needed for other quantities (production and decay)

Problems of Feynman-diagrammatic method:

— always only fixed order

— large logs not captured beyond the calculated order

Sven Heinemeyer — ALCW 18, Fukuoka, 31.05.2018

11



Method II: EFT approach: Log resummation via RGE's:

Excellent overview paper: [P. Draper, G. Lee, C. Wagner, arXiv:1312.5743]

Simple example for log resummation:

SUSY mass scale: Mgysy = Mg ~ my

Above Msusy: MSSM
Below MSUSY: SM

Relevant SM parameters: — quartic coupling A

— top Yukawa coupling h: (ay = h7/(4 1))

— strong coupling constant gs (as = ¢2/(47))
1. Take: ht(mt),gs(mt)

SM RGEs for h¢, gs: ht, gs(mg) — ht, gs(Ms)

2. Take )‘(MS>7ht(MS)7gS(MS>
SM RGEs for A, ht, gs: >\7ht7gS(MS) — >‘7ht798(mt)

3. Evaluate M?
h M;% ~ 2X(my)v?

Sven Heinemeyer — ALCW 18, Fukuoka, 31.05.2018 12



Advantages of RGE |log resummation:

— large logs taken into account to all orders

— calculation can easily be extended to very large scales

Problems of RGE |log resummation:

— not all contributions at fixed order are captured

— sub-leading logs more difficult
— momentum dependence

— difficult (impossible?): include many different SUSY scales

— difficult (impossible?): control over Higgs boson self-energies
— needed for other quantities (production and decay)

Sven Heinemeyer — ALCW 18, Fukuoka, 31.05.2018

13



The best of both worlds:
to get the most precise prediction of Mjy:

Combination of FD and RGE result!
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The best of both worlds:
to get the most precise prediction of Mjy:

Combination of FD and RGE result!

= example of first/original FeynHiggs implementation
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The best of both worlds:
to get the most precise prediction of Mjy:

Combination of FD and RGE result!

= example of first/original FeynHiggs implementation

Problem:
Some terms exist in both calculations!

One-loop: ~
AME ~mfoy [L+L°) |, L:=log (%)
t

Two-loop: AM? ~m? {atas [LQ + L] + of [LQ + L]}
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Combination of FD and RGE result:

— to avoid double counting:
subtract leading and subleading logs at one- and two-loop

Problem:
— FD result with X2 M &>

— RGE result with XM> MMS 7,

pole
m = Wft |
L+ Sras(mP”®) - Lay(mP®)
2
XI\/IS: OS 14+ 2L %_30@ _X_t
' ' T 16w M?Z
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Combination of FD and RGE result:

AMf = (AMP)ROE(MS, MES, my) — (AM)TPEEVERR(XPS, MES, my)
M7= (M2FP 4+ AMp

Technical aspect:

(AM}%)FD’LLLLLQ(XP OS — )

— (AMh)FD LL1 LLQ(X M ,mt>
XMS—>XOS Ml\/lS MOS

= combination of best FD result with
resummed LL, NLL corrections for large my
= most precise M; prediction for large my
= first “hybrid code”: FeynHiggs2.10.0
[T. Hahn, S.H., W. Hollik, H. Rzehak, G. Weiglein '13]
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Codes on the market:

1.) Fixed order codes: good for all scales low
— SuSpect

— SPheno/SARAH

— SoftSUSY /FlexibleSUSY

— H3m

2.) EFT codes: good for all scales high
— SusyHD
— MhEFT
— HSSUSY

3.) Hybrid codes: good always?!
— FeynHiggs
— FlexibleEFTHiggs

Obviously: quality depends on the details implemented

Sven Heinemeyer — ALCW 18, Fukuoka, 31.05.2018
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Possible & necessary refinements of the EFT calculation:

e Inclusion of EWIino mass scale in RGE's

e Inclusion of gluino mass scale in RGE's

e Inclusion of EW effects in RGE's

e Inclusion of 3-loop RGEs plus 2-loop thresholds etc.

e “"Two Higgs Doublet Model” below Mg

e Splitting in the scalar top sector

Sven Heinemeyer — ALCW 18, Fukuoka, 31.05.2018
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Possible & necessary refinements of the EFT calculation:

e Inclusion of EWIino mass scale in RGE’'s
= included into FeynHiggs

e Inclusion of gluino mass scale in RGE's
= included into FeynHiggs

e Inclusion of EW effects in RGE's
= included into FeynHiggs

e Inclusion of 3-loop RGEs plus 2-loop thresholds etc.
= included into FeynHiggs

e “"Two Higgs Doublet Model” below Mg
= private version of FeynHiggs exists, other code: MhEFT

e Splitting in the scalar top sector
= future work

Sven Heinemeyer — ALCW 18, Fukuoka, 31.05.2018

18



2HDM as low-energy theory: MhEFT

10F |

|
1. Ma = 200 GeV, Xi=V6 Ms
I : U= M;2=200 GeV
1

tanid

Login [Ms/GeV]

lanfB

10}

Ma = 200 GeV, X;=V6

Ms

9/500'8065 | ‘Jaubep+aa

8 U =Miz=Ms
ey ]
Mh=122 GEV ™= rmicrss e amenimsmem om0
&6 s 10 12 14 16

Login [Ms/GeV]

= M;, = 125 GeV and low M4, tan g cannot “everywhere’” be realized!
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Where are we with the uncertainties?

Can/Do we meet the LHC or even the LC precision?

FeynHiggs (hybrid): linear sum of

— missing 3-loop corrections in t/t sector (change of y; def.)

— missing 2-loop corrections in b/b sector (A, resummation)

— missing 2-loop corrections in EW sector (change of renormalizaion scale)
= reliable estimate up to 2 — 3 TeV or higher

SusyHD (EFT): linear sum of

— SM unc.: missing corrections from matching at m; and RGE evolution
— MSSM unc.: missing corrections from matching at Mg
— EFT unc.: effects not captured by EFT: O (v2/M§> (prefactor 1)

= uncertainty estimate of ~ 1 GeV
— estimate for the multi-TeV range (non-log pieces??7!)
= unclear to which low scales it can be extrapolated
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Recent comparison: [H. Bahl, S.H., W. Hollik, G. Weiglein '17]

— & [ % &4 1] : I~ = ] ¥ 3% B[ R
135 E__FH new DR XPR/J!WSUSY = 2_._ e '_.’—A'
130 —SUSYHD Q= 2 CoEr
1250 1 FH?2.14.0 vs. SusyHD
% 120 4
s =l SR ] — simple one-scale scenario
= 115 o X, [ Mgugy =0 4
110EP 1 — SHD underestimates the
4 g non-log corrections
B — SHD has large uncertainty
100 | | | | ]
s ] "‘:=:| : : 1+ for small MSUSY
SR | RS R e e % Overall Mj, uncertainty:
< Mg i intrinsic
g Eeagg I oMy ~ +2 GeV
= e e
<] = ]
0_ l | l l | l | | l | | | | l | Ll IIIIIII+ i Ion92 Way to go for I_C!
500 1000 5000 10000

-ﬂ/fSUSY [GOVW
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3. NMSSM Higgs mass calculations (Z3 invariant NMSSM)

MSSM Higgs sector: Two Higgs doublets

eo— (Hll)_(vl+(¢1+i><1)/\/§>
1 = - o
1

NE RN
Hz vo + (2 +ix2)/V2
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3. NMSSM Higgs mass calculations (Z3 invariant NMSSM)

NMSSM Higgs sector: Two Higgs doublets + one Higgs singlet
Hy, = (Hll ) _ (Ul+(¢1+i><1)/\/§>
2

Hi ¢1
F R
° Hz vo + (2 +ix2)/V2

S

US‘I‘SR"‘ISI

Vo= (W% 4 [g\S|2)H1 Hy + (M3 + |AS|?) HoHo — m35 (e HYHS + h.c.)

12 2
49 +g

K
+ |>‘(€abHiLHg) + H52|2 + m%|S|2 + (AA)\(Ea,bHiLHS)S + §A/153 + h.c.)

2
— — g —
(H Ay — HoH5)? + ) |H1H>|?

Free parameters:
>\7 K, Alia MHia tanﬁa Heff — )\US
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Higgs spectrum:

CP—even : hqi, ho, h3
CP—odd : aq,an
charged : H+,H_

Goldstones : GO, G+,G_

Neutralinos:

M — Heff
compared to the MSSM: one singlino more

~0 ~0 ~0 =0 =0
— X1y X2, X3y X45 X5

Sven Heinemeyer — ALCW 18, Fukuoka, 31.05.2018
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Mass of the lightest CP-even Higgs:

2 _ 2 2 .2
M} tree,NMSSM = M}, tree, MSSM T MZg_2 sin© 25

Mass of the CP-odd Higgs:

MSSM : Mfl = —m%Q(tanB + cotB) = uB(tan 3 + cot )
NMSSM : " M%" = pefrBesr(tan g + cotg)

With Berf = Ay + K S, eff = AS = one very light a;

Mass of the charged Higgs:

1
MSSM : M7 = M3 + Mg, = M3 + 5’0292

2
NMSSM : MZs = M3 + 2 (% - /\2>
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Mass of the lightest CP-even Higgs:

2 _ 2 2 .2
M} tree,NMSSM = M}, tree, MSSM T MZg_2 sin© 25

Mass of the CP-odd Higgs:

MSSM : Mfl = —m%Q(tanB + cotB) = uB(tan 3 + cot )
NMSSM : " M%" = peffBesr(tan g + cotg)

With Berf = Ay + K S, eff = AS = one very light a;

Mass of the charged Higgs:

1
MSSM : M7 = M3 + Mg, = MA—I— v2g?

2
NMSSM : M2y = M3 + v° <% - /\2>

MSSM. tree NMSSM . tree NI\/ISSI\/I ,tree

= My1SSMEree < pnMSSMITEE fone light aq, My oM > My

H=*

Sven Heinemeyer — ALCW 18, Fukuoka, 31.05.2018



The FeynHiggs Ansatz (taken from talk by

General idea:

» full inverse propagator in CP-even sector for mass
determination

ATHK) =i [K21 = Moy + 357 (k) + £87 (K =0)
NMSSM MSSM/FEYNHIGGS |

» included corrections from FEYNHIGGS at 2-loop order:

» orders O (s, asaup, af, e ip)
» resummed large logarithms

= any deviation from the MSSM can directly attributed
to the extended model!
= kind of obvious, but only FeynHiggs does it ...
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FeynHiggs and the NMSSM (taken from talk by

Sample Scenario

» genuine NMSSM-scenario with a second lightest CP-even
state can be interpreted as the Higgs-boson the signal at
125 GeV and a lighter singlet-like state

My+ = 1000 GeV, s = 125 GeV,
A, = —300 GeV, A; = —2000 GeV,
tan3 =8, kK =0.2

mz, ~ 1400 GeV, my, ~ 1600 GeV
my 2 1500 GeV, mg = 1500 GeV

Sven Heinemeyer — ALCW 18, Fukuoka, 31.05.2018

26



FeynHiggs and the NMSSM (taken from talk by )

Lighter Masses @ 2-Loop Order: Sample Scenario

M/GeV
250
—_— iy,
200
— my,
sof N 125 GeV
100f
sof
0 " - - . [ | - - - . | | - - . - [ | -
0.15 0.20 0.25 0.30

» mass decreasing with increasing A\ belongs to singlet-like,
constant mass to doublet-like state
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FeynHiggs and the NMSSM (taken from talk by )

Lightest Mass @ 1-Loop Order: Sample Scenario

Absolute difference between different mass predictions

AM/GeV AM/GeV
0.4} 20f
0.3F 15
0.2F 10k
0.1} 5
0.0 a a s A 0 . . .
0.15 0.20 0.25 0.30 0.15 0.20 0.25 0.30
Y: Yi A Y; /\ iL
AM = m( )—m( ) AM = m( m( )
h1 h h

— influence of corrections beyond top/scalar top-sector is by far
larger than those of the order O(Y: A, \?)
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FeynHiggs and the NMSSM (taken from talk by

Lightest Mass @ 1-Loop Order: Sample Scenario

Absolute difference between different mass predictions

AM/GeV AM/GeV

0.4} 20f

0.3 15F

0.2 10F

0.1} 1 ittt L™

0.0 1 M i .1 0 ‘\“k—== {l

0.15 0.20 0.25 0.30 0.15 0.20 0.25 0.30
Y, Y, Y, AH4G 1L

AM = m( -)_m(- ) /_\M:m( -,++)_m( )

h hy h h

include Higgs- & gauge-sector

— influence of corrections beyond top/scalar top-sector is by far
larger than those of the order O( Y\, \?)

Sven Heinemeyer — ALCW 18, Fukuoka, 31.05.2018

29



FeynHiggs and the NMSSM (taken from talk by [P Drechsel '16] )

Lightest Mass @ 1-Loop Order: Sample Scenario

Absolute difference between different mass predictions

AM/GeV AM/GeV
0.4 20}
0.3 15}
0.2 10}
0.1 ]
0.0 : . - A 0 . ; MR —
0.15 0.20 0.25 0.30 0.15 0.20 0.25 0.30
¥ YA Y A A+H+G 1L
AM = |m{") — pl7ed) AM = |m{TAHTE) _ p(b)
hl h]_ hl hl

include Higgs- & gauge-sector

— influence of corrections beyond top/scalar top-sector is by far
larger than those of the order O(Y:\, A?)

= we need two-loop calculations rather from the Higgs/gauge sector than
from the genuine NMSSM ¢/t sector!

= those are not available and more complicated
= NMSSM has intrinsically larger uncertainties than the MSSM
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Understanding the NMSSM M), calculations (talk by

What has been done so far: thorough explanation of differences

» between public DR codes [staub et al. '15]:
SPheno, FlexibleSUSY, NMSSMTools, SoftSUSY, NMSSMCALC

> between hybrld On-She”/ﬁ COdes [Drechsel, Gréber et. al. '16]:
NMSSMCALC, NMSSM-FeynHiggs

What needs to be done:
» comparison of DR and on-shell codes
» estimation theoretical uncertainty

= here some examples of the OS/DRcomparison — back-up

= based on

Sven Heinemeyer — ALCW 18, Fukuoka, 31.05.2018
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Understanding the NMSSM M,;, - calculations

— no dedicated uncertainty estimate yet
— large differences between codes, largely understood

— in comparison with the MSSM:
— additional uncertainties due to genuine NMSSM effects
— gauge/higgsino contributions can be more important
than in the MSSM
= at least 1 — 2 GeV more than in the MSSM 771l

= an even larger theory effort will be necessary to match the LC precision

= dedicated session at the KUTS9 meeting in Wurzburg
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4. (N)MSSM Higgs decays (in FeynHiggs)

Evaluation of all MSSM Higgs boson masses and mixing angles

o MhlthgthyMHi y aff, Z;,;, U

ij» Ujj, ... = precision disussed before

Evaluation of all neutral MSSM Higgs boson decay channels (so far)

total decay width [ 4t
BR(h; — ff): decay to SM fermions: full 1L, running m, at 3L, Z;,

BR(h; — 2z z&) wEw)): decay to massive SM gauge bosons:
Prophecy4df @ coupling factors, Uz-j
BR(h; — vv,gg): decay to massless SM gauge bosons:
NLO QCD, gg: NNLO, NNLL from SM, Uj;

BR(h; — hjZ(*),hjhk): decay to gauge and Higgs bosons:
h]Z(*) UZ], h]hk full 1L, Iog—resum, ZZL7
BR(h; — f;f;): decay to sfermions: U,;

BR(h; — 52;&55]?,55?55?): decay to charginos, neutralinos: U,
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Bringing the NMSSM to the same level [F. Domingo et al. '18 — PRELIMINARY]
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= relevant improvements for heavy Higgses = to be included into FH3.0
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Bringing the NMSSM to the same level [F. Domingo et al. '18 — PRELIMINARY]

hi— B e level with wdT (Af),)

— trew level ¢ QEDIQCD corrections witl Zm
— tree level + QEDYQOCD corrections + ¥oF with Zm
tree level + QEDVQOD corrections + V£ with Um

Iy — WIW: — Prophecydf
— tree-level off-shell with X
— troo-lovel off-shell
+ one-foop on-shell with Zm

— one laop
o ome loop + CP-even QEDMNCD corrections
without gg* contributions and with maodified ‘1";"‘ + FeynHiggs
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= relevant complex phase dep. = NMSSM tg be included into FH3.0
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Overall (N)MSSM Higgs decay uncertainty estimates
[F. Domingo et al. '18 — PRELIMINARY]

e h;, — qq: SM-like: SM NNLO QCD, EW NNLO, SUSY 2L: ~ 5%
heavy: as SM-like, Sudakov logs: ~ 5 — 10%

o h; — 0. SM-like: < 1%
heavy: Sudakov logs for very heavy Higgses < 10%

o hy - WW&), z7(): sM-like: < 1%
heavy: missing 2L (very small width): < 50%

e hiy — vv,99,vZ: vy: NNLO QCD, EW: < 4%
gg: NNLO QCD, EW: < 4%
~Z: NLO: ~ 5%

e h, —» SUSY SUSY: [S.H., C. Schappacher '14-'16]
1L effects 10 — 20%, 2L~

e all decays: U;j, Z;;: few %, effects close to threshold?

— approaching LC precision for SM-like Higgs (not for heavy Higgses yet)
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5. Conclusinos

High precision predictions in BSM models for Higgs physics are needed!
— to match experimental accuracy at the LHC and ILC/CLIC

FeynHiggs provides these predictions for the (N)MSSM
(= code adopted by the LHCHXSWG)
= first and most developed “hybrid code” — necessary for high precision

MSSM:

— uncertainties (partially) re-evaluated
— simple one-scale scenario: dM;, ~ 2 GeV

NMSSM: (“internal FH version” exists):

— combine genuine NMSSM contributions with known MSSM parts
— = very good approximation
— = highest possible precision in the NMSSM

NMSSM genuine

(N)MSSM Higgs decays:

approaching LC precision for SM-like Higgs (not for heavy Higgses yet)
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Higgs Days at Sa ntander

Theory meets Experiment

X |'|_—-

10.-14. September

en.Heinemeyer@cern.ch
: _.sm Gomez@cern.ch
http /Ihdays.csic.es
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New in FH2.12.0: inclusion of further log-resummed results

New options in FeynHiggs:

New resummation options controlled by new flag
(not by looplevel anymore)

loglevel =
loglevel =
loglevel =

vy v v Y%

loglevel =

MS top mass (Yukawa coup!

accordingly

0:
1:
2:
3:

Nno resumimeation
O(as, o) LL+NLL

full LL-

-NLL

full LL+NLL and O(as, o) NNLL

ing) automatically chosen
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New in FH2.12.0: inclusion of further log-resummed results

Inclusion of EW effects in RGE's:

140 T | T III| I IIIIIIIIl:
- FeynHiggs 2.12.0beta e

135 R
— FeynHiggs 2.11.3 _____...:_-_-_:-_'_:__‘ ________ =

130 SRSt XS /Mg =2

125 aeziiEenTT

12027~ XOS /Mg = 0

Mh [GBV]
H
P—L
(31

II|IIII|IIII|IIII|II\I\I|IIII|IIII|IIII|IIII

90 - | : ] : ' | L1 Ll it
500 1000 5000 10000
MS [GBV]

Main contribution — electroweak contributions to MS top mass
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New in FH2.12.0: inclusion of further log-resummed results

Going from 2L RGE’'s to 3L RGE’'s (loglevel = 2 — 3):
Mgysy =1 TeV, tanpg =10

AM,
1.5_—

1.0[

0.5:—

Xt/Msysy

10k

Note: mNNLO used for 2L and 3L RGEs
= non-negligible effects in both directions
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Understanding the NMSSM M), calculations (talk by )

Test Point (TP) Scenarios

Comparison takes place for several physical scenarios with different
properties:

TP1 MSSM-like point

TP2 MSSM-like point with large stop splitting

TP3 Point with light singlet and A close to the perturbativity limit
TP4 Point with heavy singlet and A close to the perturbativity limit
TP5 Point with singlet slightly lighter than 125 GeV

TP scenarios originally defined at scale

1
Ms = (Mg, + Mg,) ~ 750-1500 GeV

= evaluation at QQ = my, Mg
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Understanding the NMSSM M, calculations (talk by [P. Drechsel '17] )

Comparison “out-of-the-box": Am = M} — M8

TP1 TP2 TP3 TP4 TP5
Q MS mye M_g mye M_g mye MS mz MS my
M;:C 121.84 113.47 120.42 — 126.16 125.80 126.44 126.65 124 .44 12351
Mi:'FH 115.70 113.20 114.12 — 124 55 125.02 126.17 126.29 122.93 123.10
SM-like Higgs
6 Q= MS-'
Q = mt-
5 L i
> 4]
Q
Q
£ 3
<
2 L i
1 L I I i
0

TP1 TP2 TP3 TP4  TP5

= large differences, largely understood — but surprizing?!
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Understanding the NMSSM M, calculations (talk by [P. Drechsel '17] )

Comparison adapted: Am = M;¢ — Mj—
TP2 TP3 TP4 TPS
Q MS mye MS me MS my MS mg
M}jﬂ 11470 — 123.90 12587  125.07 12671  122.88  123.60
ME'FH 114.65 — 12426 12488  125.56 12574  122.81  123.08
SM-like Higgs
1.25 99
-Q = MS
1-Q = Myt
0.75¢
2 05
O
“go.zs-
< 0 — .
-0.25¢
0.5;
TP2 TP3 TP4 TP5

= Much better agreement due to adapted couplings as and a!

= indication of some missing higher-order corrections
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Understanding the NMSSM M, calculations (talk by [P. Drechsel '17] )

MSSM-approximation: Am*P" = Am?t — Am't

. SM-like Higgs
Bl AM3PPT M
Bl AM3PPT m
0.5
>
()
Q o — B
&
<
-0.5-
-1
TP2 TP3 TP4 TP5

= MSSM-approximation overall very accurate for TP2-4
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Understanding the NMSSM M, calculations

(talk by [P. Drechsel '17] )

Comparison on-shell and DR: Am = MP> — ME_R

TP2

TP3 TP4 TP5

me Mg mg Ms myt

125.80 126.44 126.65 124.44 123.51

124.86 126.15 125.90 123.28 125.20

SM-like Higgs

- mQ=Ms
-Q=mt

TP2

TP3 TP4 TP5

= differences of O(1 GeV)

= indication of some missing corrections beyond 2L7!
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Evaluations for the charged Higgs boson (rMSSM/cMSSM)

e total decay width [ 4t

e BR(HT — ) #): decay to SM fermions

e BR(HT — h,WT()): decay to gauge and Higgs bosons
e BR(HT — fif}): decay to sfermions

e BR(HT — X?;’Z;F): decay to charginos and neutralinos
e T production cross sections at the LHC

e BR(t — HTD) for My+ < my (H*T production)

Evaluation of additional couplings:

o g(V — Vh;, h;h;): coupling of gauge and Higgs bosons

e g(h;hjh;): all Higgs self couplings (including charged Higgs)
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