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Outline

Task force mission

- Joint effort between the MSSM and the Extended
Higgs sectors subgroup

- To provide charged Higgs cross sections at 13.6 TeV

- To provide cross sections obtained with newer PDF
sets, i.e. PDF4LHC21
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MSSM ROOT files

T e T

Neutral Higgs | [Neutral Higgs Neutral Higgs Masses
<¢> = hHA CP-violating <¢> = hHA <¢> = hH.AHp
File Conter N\ e
br_<d> bb scena CP violating scenario| [CP-violating scenario
. . br<g>_cc <¢> = H1,H2H3 <¢>= H1H2,H3 <> = H1,H2,H3 Hp
- Six scenarios from [EB et al. EPJC 79 br<¢> gangan | |br<¢>bb Xs_bb_<0> <g>
. ) br_<¢>_gluglu br<p>_cc R o)
(2019) 7, 6171 which covers different br<omum | [be <> gangam | | xabbi>up Couplings
T T_<¢>gluglu X5_gg_<> <¢> =hHA
i br<g>-tautau BI<@> mmu xs_gg-<¢>_pdfasdown | |lam3_HHH only for M}?|
phenomenologies L
br_<g>_ Wi br_<¢>_tautau xs.gg <¢>_scaledoun rescaleéb s
H br_<¢>_Z, br_<¢>_1 b N
- Three p < 0 scenarios from [Bahl | 1088 -acaleswp | | roscato-doitab
- —<p>_4 x8_vbf_<¢
v vexiozgn | [renaiess rescalendeltar
et al. EPJC 80 (2020) 10, 916] br H br<g>.22 Eviar T
an
br_H.WHp br_H2_H1H1 X5_tth<¢> D
N br_A_Zh br_H3_H1H1 N ——— .
+ Two low tan ﬁ scenarios from ———————— |brm2wmp SM Higgs alpha
Charged Higgs| |y 43 yip o —
E 3 - 70 <> = hHA -1 ‘ouplings
[Bahl et al. EPJC 79 (2019) 3, 279] R U S xs_gg HSH CP-violating scenario
@GP~ s xs_vbf_HSM <i>,<j>=123
- hMSSM scenario from [bjouadi & ot SM Higgs xs-hs ZHSH rescale deltab
D) <¢> = H1H2H3 x_hs_WHSM
br_HSM.bb rescale_im_deltab
. br_Hp_cb xs_tth_HSM Yam3 HIH1HL
Quevillon JHEP 10 (2013) 028, Maiani et al. br_Hp_cd brHSM.cc _—
o br_HSM gangam Charged Higgs LBl
5 o (GYrE\ & . 5 - Py br_HSM gluglu = lam3_HSM_tree
PLB 724 (2013) 274-277, Djouadi et al. EPJC 73 x_Hp_munn xs-ppHp Haix <i><5>
br_Hp_taunu e LT x5_pp-down Y
br_Hp_th br_HSM_tautau reop_u R LD
(2013) 2650, Djouadi et al. JHEP 06 (2015) oy br HSM tt B
br Hp_ts T Total widths
168] :rip,t: N <¢> = hHAHp
br. j;( bW br_HSM.ZZ CP-violating scenario
i br_Hp_SUSY <¢> = H1,H2.H3 Hp
- Cross sections evaluated at v e
. . N width HSM
three different energies: 8,13, 14 widtnt
36 TeV work-in orecs Interference factors
TeV — 13.6 TeV work-in progress CP-violating scenario
L ) <¢> = H1,H2,H3

int_bb_tautau_<¢>
int_gg_tautau <¢>
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Charged Higgs cross section in the MSSM ROOT files

- The cross section stored in the ROOT files comes from three different prediction
sets, originally provided by the Charged Higgs group

- This subgroup was merged in 2018 into the Extended Higgs sectors
subgroup

- The predictions are available at LHCHWGMSSMCharged-twiki

Cross section sets 3

low-mass range (my,+ < 145 GeV) -- actually we provide only the
BR (t — Hib), the user is assumed to compute his own top production
cross section

- intermediate mass range (145 GeV < m,+ <200 GeV) -- cross sections
provided by M. Zaro and collaborators [Degrande et al. 1607.05291]

high mass range (m,+ > 200 GeV) -- 4FS and 5FS Santander matched cross
sections
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWGMSSMCharged

Caveats

No attempt has been made to smooth out the thresholds between the
different predictions; more theory work needed to do this properly

- Original predictions were made available in a type-Il 2HDM — MSSM effects
included only via an effective bottom Yukawa coupling (A}, corrections).

Recipe, for a given value of tan 3 (Sven Heinemeyer)

Obtain A, from FeynHiggs (note that Ay can be complex)
Compute tan Begr = —2n8

VI1+A|

Look up the cross section for tan Begs
) . g
Multiply the cross section by TFag]

- This is not appropriate for the low tan 3 regime — add a 10% uncertainty to
the uncertainty estimation available by the grids
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Matching between the different predictions

: Charged Higgs production at the LHC
| 13 TeV, NLO total cross-section

;
0 E. Further details on the behaviour of the scale uncertainties can be inferred from Fig,3] where we compare
s R sults to dedicated predictions for light and heavy charged Higgs production.
o - ~hm h«(u(\lm( n consistently across all the mass range. in mm(ul ar all cross sections
2 = (my+myy
100 H develop a prominent structure with o ink ot ?hv umm .
g ,uumu..\ and amount to 10% — 1 pp — 1 cross section 4\(p endi s ic value of tan 5.
" ] section, we observs & 0% g for tan 3 = 8 and tan 5 30, while there 1 essentilly 1 gop. or
10 = tand = 1. Such a gap originates from the non-resonant part of the pp — H*W¥bb mmhm 3
18 factor’ . valien of tan 5. At 143 and 200 GV, the size of the cale uncertainty n the otermediate region and the Sde.
16 NLOAO K-factor, N h.um is ~h,hlh different. These discontinuities are related to missing ~uh\< eading terms in dn pmhuwm
14 it is th\lnvﬂv to pin .1.,“‘..“..\\» the origin of the ,mmm ities v,.“.w of the non- “.\m sel m.m,.m ot
; ]
20
o [Degrande et al. 1607.05291]
o . .
10 : - Pratical approach: mismatch not too
-20 N N

20 g | Swewe B PoFuw - large; made peple aware of the
mismatch, but in first approximation
provide no interpolation

20 £ tango30 | Scaleunc. = PDFunc. - -
0t ]

130 140 150 160 170 180 190 200 210 220
myy: [GeV]
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Current status Extended Higgs sector side

Extended Higgs sector subgroup N

low-mass range (m,+ < 145 GeV) -- Updated in 2023 by Nikos, provided in
the old mhmax scenario; top cross sections from ATLAS+CMS
recommendations

- intermediate mass range (145 GeV < m,+ <200 GeV) -- cross sections
provided by M. Zaro and collaborators [pegrande et al. 1607.05291], type | and type Il
2HDM

high mass range (m,+ > 200 GeV) -- 4FS and 5FS Santander matched cross

sections in a type Il 2HDM. 8 and 14 TeV obtained with the use of Prospino
(5FS) and a private code from M. Spira (4FS), while the 13 TeV (YR4) numbers
are from M. Zaro
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO#Updated_reference_cross_sections
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO#Updated_reference_cross_sections

Plans and Work in progress

Joint work from the two subgroups

low-mass range (my+ < 145 GeV) -- provide the cross sections in a generic
type | 2HDM (N. Rompotis)

- intermediate mass range (145 GeV < m,,+ <200 GeV) -- cross sections
provided by M. Zaro in a type Il 2HDM (private code), will be managed by
E. Bagnaschi and made available also a type | 2HDM grid

high mass range (m,+ > 200 GeV) -- 4FS and 5FS Santander matched cross

sections in a type Il 2HDM
Cross check between Prospino/private code from M. Spira and
MG5_aMC@NLO
For existing mass points, 13.6 TeV will be obtained via interpolation
(but same PDF then (?))
Extension of the grids up to 2 TeV
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2HDM Reweighting

miss effects due to the tan 8 dependence of the top width. We verified that, if the top-width dependence is
included as an overall factor, we are able to reproduce our tan # = 1 and tan 8 = 30 NLO cross sections and
arting from the numbers at tan 8 = 8 with an accuracy of 1% or better, using the relation

uncertainti
(the dependen

o 2 an B\ 2 an )\ 2
ot~ (tan §) = {(“’“) a‘:“mum+a,‘,;,,‘,‘<muﬂ>+( “”) n;?“(mna)} x (%) e

tan 3 Yy tan 3

on my+ is understood)

This also shows that effects due to the width-dependent complex phase of y; are very small. Concerning how
to extend our results in a type-I 2HDM, we first point out that for tan § = 1, the cross-section is identical
to the type-II case. Then, the cross-section for any other value of tan 3 can be simply obtained as
ot I(tan g = 1) Ty(tan 8) \

(2

(tan 37)2 Ty (tan 8')

ot I(tan f') =

[Degrande et al. 1607.05291]
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