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Charged Higgs boson couplings
in the 2HDM

® |n the 2HDM (5MSSM), charged

Higgs bosons couple either to oH
another Higgs and a W, or to t o :_itajlﬁ (yiPr +yPr) type T
fermiOnS g < =—1 (tai:BPR + Yb tanBPL> type 11
® [ is related to the vevs ratio b
tanfB=v1/v>
® ais the (@1, P2)—(h,H) mixing oy
/ . .gw L
angle f—_ 7 = 7’7(305(5 —a)py  (h)
® No VVH coupling exists at tree ""’“’l,bl1 — i sin(8 - a)ply  (H)
level (feature of models with only W—z%wpi‘v (4)
doublets) "
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Charged Higgs production
in 2HDMs

® |[n the 2HDM, the dominant production channel depends on the
Charged Higgs mass

Intermediate

light Higgs heavy Higgs

Mg+ > M;

H* mostly produced in tt events. AN/ H* mostly produced in
Dependi);gon BR(t—H*b) also The full pp=H*W=bb association with a top quark
H*t can become important.
At NLO one has to subtract on-
shell tops

process has to be
simulated.
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Searches at the LHC

® | HC experiments tend to
exclude a light charged Higgs

® For a heavy charged Higgs,
only very large values of tanf
are excluded

® Missing mass window due to
non-existence of NLO
predictions for the
intermediate range
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Heavy charged Higgs production

® Production mechanism features b quarks in the initial state: can
be described either with 4- or 5-flavour scheme

X Higher multiplicity process; computing
HO more involved

X Cross section can be affected by large
log(myu/Q)

v’ Accounts for b-mass effects

v/Straightforward to match to PS

v/Simpler process; computing HO is easier

v'b-PDF resums log(mu/Q) at all orders

X b-quark observables enter at higher orders

X Matching to PS requires some care (gluon
splitting, momentum reshuffling, ...)

Two schemes are equivalent if all orders were known
Which one to use! Can we combine them and maximise the pros?
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Heavy charged Higgs production

® Production mechanism features b quarks in the initial state: can
be described either with 4- or 5-flavour scheme

N4 . . 5FS

) /) ()

Higher order results:
® NLO (SUSY-)QCD corrections

Zhu, hep-ph/0112109, Plehn, hep-ph/0206 121, Berger et al, hep-ph/0312286
® EW corrections

X Hig

H( Beccaria et al, arXiv:0908.1332 r
xCrn @ Threshold resummation

log Kidonakis, arXiv:1005.445 | lers
vAd @ Fully differential NLO+PS o
v/ Sty

Weydert et aI arXiv:0912.3430, Klasen et al, arXiv:1203.1341

VvV - Al C SUulivalc . 0] .-' VVCI C J VYV
Which one to use! Can we combine them and maximise the pros?
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Matched predictions
for the total cross-section

Method proposed in Flechl, Klees, Kramer, Spira, Ubiali, ar Xiv:1409.56 | 5

® The scale in the logs resumed in the 8 Tev 14 Tev
My+ [GeV] [ [GeV] (my+ My=+)/i 2 [GeV] (my+ My=+)/[
5FS is typically much smaller than the e R T
300 80.3 59 90.6 5.2
hard scale of the process (phase-space’ o p vl .
SUPPIression) Malconi, Ridolf, Ubiali, arXiv:1203.6393 5 02 &> D0 >
2
_ 2(1“2) _ M
iy = M S
.Set//tF=/tlnth65FS g [T
= 1 =14 TeV ]
® |nclude all sources of uncertainties® '\ i 630 :
AN ]
® scale, PDF (PDF4LHC), mp, a0  ° | NLO, matched :
® Compare 5FS, 4FS @NLO and ‘ ‘
Santander-matched prediction
10 —
O + WO m - matched
O-matched — 4F1 _|_ W = w = log leii T 2 B — 4FS §
. ——5FS S~
c e e b e b e b e b by
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m. [GeV]
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% Updated Matched Predictions

'_g'- T rr L rr rr L L L L '? § g =TT T 7 I m— — I m— — I B L
: : = matched : = 10E B matched -
a -1 S — i N l
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Updated Matched Prediction
PDF errors
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PDF errors roughly of the same size as in the previous computation (1409.5615)

Vs [TeV], PDF set | my= [GeV] | onvro [pb] | dppr (%] | das (%] | dmy [%]
14 200 0.870 +32 0 n.a.

CT10 400 0.171 el o n.a.

600 0.0458 rre o2 n.a.

14 200 0.902 2 ol 29
MSTW2008 400 0.176 a0 o 2
600 0.0468 ol 9 33

14 200 0.913 +2.7 |  +08 +1.5
NNPDF2.3 400 0.179 +3.9 | +0.6 +1.2
600 0.0471 +51| +0.5 +1.2
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Beyond total cross section

® How do the two schemes compare at differential level?
® How important are my; power effects and collinear logs for a

given observable!

® Which scheme to use for signal simulations?

v

Need for comparison
at fully differential level
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Fully differential comparison
of 4 and 5FS at NLO

Following Degrande, Ubiali, Wiesemann, MZ, arXiv:1507.02549

® Use modern automated tool chains to generate the code,
starting from the model Lagrangian
® Generate UV/R; counterterms for the evaluation of loops with
NLOCT Degrande arXiv:1406.3030
¢ Use MADGRAPH5_AMCE@NLO to generate the code for event
generation Aiwall et al. arXiv:1405.030]
® MSbar renormalisation to be preferred for ys: logs of ur/my
resummed. Add m,(ur) dependence as in wiesemann et al. arXiv:1409.5301

® b-initiated processes typically prefer scales lower than §. Same
argument holds also for the shower scale

® Decay top quark leptonically and keep charged Higgs stable.
Typical final state with two b-jet/B-hadrons, one from top and
one from ME / PS. Use MCTruth to reconstruct top
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Setup and cross-section structure

® The following parameters are used
VS = 13TeV  mpy = 200 GeV tan 3 = 8

pr=pr =ps = Hr/3=> /pr(i)? + m(i)?/3
® Owing to the structure of the H*tb coupling, the cross section will receive
three contributions: y,? (~tanf?), y2 (~1/tan5?) and y»y: (tanf3 independent).
® |n the 5FS, the y,y: term is null (helicity conservation)

® |n the 4FS, it is proportional to m/§. Numerically it turns to be negligible
on total rates and distributions
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Choice of shower scale

pltos from Degrande, Ubiali,Wiesemann, MZ, arXiv:1507.02549
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Reduced shower scale to be preferred ,
improves NLO+PS/fNLO matching at high-pr

Consequence:
better agreement at differential level
between the two schemes
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Updated 5FS vs 4FS comparison

® Same setup as in 1507.02549, with parameters as in
LHCHXSWG-INT-2015-006. In particular:

® PDF4LHC 2015 NLO PDFs (4 and 5FS), both for LO and
NLO

® mp running at 4 loops from my(mp) to my(ur); scale variations
at 2 loops, both for LO and NLO

® Only show results matching with Pythia 8, for the reduced
shower scale (F=4)

® Very similar behaviour of predictions as in 1507.02549

Marco Zaro, 13-01-2016 |3
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4FS vs 5FS:
Updated comparison

NLO corrections improve the shape
agreement between the two schemes
Very good agreement for b-inclusive
observables w, pr(H))

Agreement remains quite good for
more exclusive observables (p7(b2)),
despite the large K-factors and
uncertainties for 5FS

Very exclusive observables (pr(B>))
show larger discrepancies in regions
where mass-effects are enhanced
Bottom line: 4FS gives a better
description in particular for exclusive
observables and less systematics due
to PS matching
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4FS vs 5FS:
Updated comparison

o -~ tH production at the 13 TeV LHC 5F3yt52F<§oy_?? MO~ e
® NLO corrections improve the shape .| mStaiimes s oo — 8
agreement between the two schemes g srsviioonio -
® Very good agreement for b-inclusive %0'3 I S 47037 609,10 - §
observables (pr(?), EZQZ)) %10_4 *

® Agreement remains quite good for
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despite the large K-factors and |
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. . 1 =il
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0.6
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° [} 08 L
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4FS vs 5FS:

Updated comparison

NLO corrections improve the shape
agreement between the two schemes
Very good agreement for b-inclusive

observables (pr(?), pr(H))

Agreement remains quite good for
more exclusive observables (pr(b2)),
despite the large K-factors and
uncertainties for 5FS

Very exclusive observables (pr(B-2))
show larger discrepancies in regions
where mass-effects are enhanced
Bottom line: 4FS gives a better
description in particular for exclusive
observables and less systematics due
to PS matching

Marco Zaro, 13-01-2016 |4

1072

103

—i
<
SN

O per bin [pb]

10

106

N o - O — a O - O —_—t
—O0INDOT O—=NP, O—=NPh O—=MNP 00O—=N>

—
O[T 7 TT7T1 7]

= tH" production at the 13 TeV LHC

" MadGraph5_aMC@NLO+Pythia8
. my=200 GeV, tanf3=8, F=4

5FSyp2, NLO —-—

5FS vy (x0.1), NLO —-— ]
4FS yp2, NLO —— ]
4FSy?2 (x0.1), NLO —— 1

5FS yp2, LO (x0.5) — = -
5FS y{2 (x0.05), LO - - -
4FS yp2, LO (x0.5) -=----
4FS y? (x0.05), LO ------

~"LHC HIGGS XS WG 2016

Il ‘ Il ‘ Il
jybz: Ratio over 5FS, NLO; scale uncertainties

NLO/LO K- factor

120



.‘ 4FS vs SFS:

Updated comparison
o - tH" production at the 13 TeV LHC 5F3yt52F(§oy_?? MO T
® NLO corrections improve the shape 102 mGfeimes re "™ SN0 — 3
agreement between the two schemesEm_S 7 _ {{szy:(%g)%)}g é
® Very good agreement for b-inclusive = TRy, 93 005,10
observables (pr(?), pr(H)) 51" B
® Agreement remains quite good for 103 I _____
more exclusive observables (pr(b2)), . - -
despite the large K-factors and I e
uncertainties for 5FS ' _
® Very exclusive observables (pr(B>)) ?Z yb o =
show larger discrepancies in regions === ;_—*-H ———————
where mass-effects are enhanced 14
® Bottom line: 4FS gives a better 08
description in particular for exclusive 13%
observables and less systematics due Zz
to PS matching 2
S |
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Other observables:
hardest b-jet/B-hadron pr
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Other observables:

jet multiplicities
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Summary:

® Santander-matched cross section updated with new
prescriptions

® New 4FS computation (and comparison with the 5FS) at NLO
+PS available and included in YR4

¢ To do:

® For the YR4:

® Finish the write-up of the Charged Higgs section
® Find a recommendation for differential predictions (use 4FS?)

® Beyond YR4:

® Provide accurate predictions for the intermediate mass range
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