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Recent activities

reinstated regular meetings (~ 3/ year), focus on

A) Overlooked signatures
B) Width and interference effects in BSM searches
C) Recasts

6./7.7.: https://indico.cern.ch/event/1050919/
5.11.: https://indico.cern.ch/event/1091117/
around ~ 30 talks over the 3 days

—> next slides: personal selection | <—
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Y. Wang, " The analysis of W + 4~ in the 2HDM type-I"
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Y. Wang, " The analysis of W + 4~ in the 2HDM type-I"

J £ =300t
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H. Bahl, " The forgotten channels: charged Higgs boson

decays to a W™ and a non-SM-like Higgs boson”

light . . 2HDM type |
cH(Whgky,) scenario — light hgsm YP
300 O(pp-stbH * bW * hgsu) 9(pp->H * hsu-W * heshssm)
s
250 50 | .
o0
3 25 201
S 200 | B8 -
A T
Eus s
5o
150
s
100
10 20 30 40 50 60 10 20 30 40 50 60
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> Requires fine-tuning of m?2, and tan 3 to suppress hios — hgsmhssm decays,
> BR(hgsm — bb) ~ 80%, BR(hgsm — 77) ~ 10%,
> see also talk by Yan Wang.

10/12
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H. Bahl, " The forgotten channels: charged Higgs boson

decays to a W™ and a non-SM-like Higgs boson”
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> Same as cH(Whig),) scenario but defined in the lepton-specific 2HDM
— BR(hasm — 77) ~ 100%
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P. Sanyal, " Prospects of same sign trilepton search in the
Type | two Higgs doublet model at the LHC"

Same sign trilepton search at the LHC in Type | 2HDM

« For large tan 3 the cross section pp — W** — H= ¢ dominates over the
pp — HEtb channel in Type | 2HDM.
HE

o For close to the alignment limit ¢ # hgpy.

o Signal:
(A) pp— W™* = HEH = (WEH)(WEW™) = (WEWS W) (WS W™) = 30 Fr 4 X
(B) pp — W** — HEA — (WEH)(ZH) — (WEW* W™ )(2WH W) — 30 fr + X

o SM backgrounds: WZ+ jets, Z¢+ ¢~ + jets and {tW+ jets.

o Parameter Choice: my+ — my = 85, 120 GeV, my € [130 — 300]GeV,
My ~ My, tan B € [1,50], sin(8 — a) = 0.995 and m?, € [0, M, sin 3 cos A].
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P. Sanyal, " Prospects of same sign trilepton search in the
Type | two Higgs doublet model at the LHC"

Same sign trilepton search at the LHC in Type | 2HDM

« For large tan 3 the cross section pp — W** — H*¢ dominates over the
pp — H*tb channel in Type | 2HDM.

« For close to the alignment limit ¢ #

H

o Signal:

ion [fb]

(A) pp — W** = HEH = (WEH)(
(B) pp — W** — HEA - (WEH)(:

cross secti

g8
|1
J
i
cross section [fb]

o SM backgrounds: WZ+ jets, Z¢+ ¢~

« Parameter Choice: my+ — my = 8
My+ ~ My, tan 3 € [1,50], sin(8 —

W W W @0 W0 W Y gm0 W0 W W W W0 0 20
mys [GeV] my: [(Gev]
. Mondal and P Sanya, arXiv:2109.

P Sanyal, ankivi2109.05682
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T. Mondal, " Searches for a light pseudoscalar in L2ZHDM"

Leptophilic 2ZHDM
+ 2HDM of type-X:
Ly = WG P5ug +ya u®2dp + v [, Preg + huc.

+ 2HDM Higgs bosons: h(125), H, H, A
@, > 550 + h) — cgH — icgA

« In the alignment limit \ sin(8 — a) - 1; cos(8 —a) - 0,0r 2/t \ {
@y > cp(v +h) + spH + isgA

mg my 1 m, )
Ly= lchf Fhf +7“t7 G(H + iys A)q + 7‘%7 I(H + iys A)l > Leptophilicat large tan
/

* Muon g-2 favored (20): my; ~ my,+ » m, = (10 — 50)GeV, tg = (35 — 70)
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T. Mondal, " Searches for a light pseudoscalar in L2ZHDM"

Leptophilic 2ZHDM
+ 2HDM of type-X:

Ly =y, G P5ug + ya Gr®2dp + ¥, [, ®reg + h.c.
« 2HDM Higgs bosons: h(125), H, H, A

@, - sg(v+h) — cgH —icgA
+ In the alignment limit: [ sin(s — ) » 1; cos(8 -~ &) - 0,0r 2/ \{ G i ¢
@y = Gp(v+h) + spH + ispA

Ly =Ky mTf fhf +%% q(H + iv- Aa + L g B Y R P A S TP B S
+ Muon g-2 favored (20): m,, LHC Search: pp » AH/AH® - A(up)A(tt)Z/W*
" + Mys My \? L SR S S (65%)* ~ 18%
L 'WA)Nlé.-(V) :
5 2 e @
R )~ T (‘i”" o «) Possible Signatures -

pp>HY*A>(WHA)A > 1L+ 41
pp>HA>(ZA)A > 2L+ 41

Also: Z/W>jj & A>pup
« pp>H*A>(WEA)A >jjpp + 2
pp>HA>(ZA)A > jj pp + 21

M =40 GeV ;tang =45
- M, =50GeV;tang =50
M, =60 GeV ;tang =50

IM(jj pp) = my,, !

Iy = M, +(GeV)

EJC, Dwivedi, TM, Mukhopadhyaya, Rai PRD 98 (2018) 7
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R. Capucha, "Light Higgs searches in tt® production at
the LHC"

The model

Goal: study the possibility of probing the CP nature of the
couplings of low mass Higgs bosons (¢) to top quarks in ttd.

SM + generic CP-violating Yukawa coupling to top-quark:

L = ryyet(cos a + s sina)te = yit(k + ikys)tod
* ¥ - SM couplings. Kk, - coupling strength relative to SM. CP-even (a =0, ¢ = H), CP-odd (a =11/2, $ = A).
¢ - bb, t(f) » W*b (W~b) and W*(W~) — 1*v (7)) - dileptonic state, with 1 = e, .

* Previous studies covered 125 GeV, Phys. Rev. D 96 (2017) 013004, and 40-500 GeV, JHEP 06 (2020) 155. Here,
me= 12 - 40 GeV.
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R. Capucha, "Light Higgs searches in tt® production at
the LHC"

The model

* Goal: study the possibility of probing the CP nature of the
couplings of low mass Higgs bosons (¢) to top quarks in ttd.

* SM + generic CP-violating Yukawa coupling to top-quark:
L = ryyet(cos

* ¥t - SM couplings. K, - coupling strength 1

« ¢ - bb,t()) > Wb (W™b) and WH(W

Previous studies covered 125 GeV, Phys.
my= 12 - 40 GeV.

: " 032
R | 053, 4053 [1.00. +100] | 053, +0.53) F1O1, +101
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A. Gritsan, " Interference and finite width effects in di-boson resonance
searches with the JHUGen framework”

E. Fuchs, "Interference effects in BSM searches”

Examples

o gg — (XIH*) » ZZ - 4¢
SM-like scalar couplings (tree-level)

—X(450), I'=47 GeV
H(125), 1'=0.004 GeV/
bkg gg — 4¢

—X(450)+H(125)+bkg+1

X-H interference
-~ X-bkg interference

&

LHC, 13 TeV
JHUGen+MCFM

0001k | | L |
99300 200 500 600 700 800
my, [GeV]
“Andrei Grisan JHU 7 S November 2021
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A. Gritsan, " Interference and finite width effects in di-boson resonance

searches with the JHUGen framework”

E. Fuchs, "Interference effects in BSM searches”

Examples

o gg — (XIH*) » ZZ - 4¢

SM-like scalar couplings (tree-level) . . . )
Comparison with experimental exclusion bounds

—xide Z-enhancement of cross sections, reduction by destructive interference

0.0035
0.003] H(1z m(CPVint), X, = 18 Myusy. 64,
=" 0.0025] bkg
o 125 :
Q 0002 — x4 - my,.”(CPVint) A
g 0.0015] XH
5 0.001 =
- X-bk =
: + 100
;
w
T
s
= 1)
o
x
g
‘§e 1
Andres Grican JHU 7
o1
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M,y[GeV]
interference can suppress ool < Oexp for some (Mg, tan ) I

Elina Fuchs (CERN) | BSM Interference Effects | 14
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K. Mimasu, "Recasting H — hh — 4 b to search for Higgs-to-Higgs

cascades”

S. Kraml, " Reinterpretation: considerations on what should be published”

Extended result: MMR

95% C.L. o(pp — Hy — HyH; —» bbbb) (fb)

a(pp — H, — H, H, — bbbb)
100 =6(H) X k> x BR

4(H,): SM-like gg — H,
production cre

— k2x BR =002

my, (GeV)
2

MMR Inclusive
1% 5ys)

Lot

MMR|
B E e % o
my, (GeV)
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K. Mimasu, "Recasting H — hh — 4 b to search for Higgs-to-Higgs

cascades”

S. Kraml, " Reinterpretation: considerations on what should be published”

Extended result: MMR

=6(H,) x k* x BR

o(pp — H, — Hy Hy — bbbb)
104
G(H))

Wishlist for reinterpretation

MMR Inclusiv
0% ay)

MM * All the relevant numbers regarding the results of the analysis

 Clear, explicit and unambiguous anal description

WV 4., expected and observed event counts n all inematic regions, diferental istrbutons, efc
200 250 300 350
my, (GeV)

HEPData

gnal

* The statistical model underlying the analysis
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Summary

Restarted regular meetings this summer

A) Overlooked signatures
B) Width and interference effects in BSM searches
C) Recasts

A) quite a few suggestions for pp — HT hgsy into various final
states (W +4~ /47 /4b/2u27/...)

B) many studies exist, but impact for current searches not
investigated in all detail (personal opinion)

C) starts to be of interest, a lot of work has been done by LHC BSM
reinterpretation forum [sciPost Phys. 9 (2020) 2, 022; arXiv:2109.04981]

Questions ? Suggestions ?
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Appendix
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M. M. Muehlleitner, "Higgs Pair Production in Extended Higgs Models"

Other Final States - Continued

NHSIM  RA, Yo (W-Hs) 3615 Wi WG (e o) 64180y
AR 1 (R=W) 1 g0ty

AR AR U A, 205t | L) —
Wy L (W) 2l 1
[y > ARAA, (-t 0 |

’u]nl; BAE (W-Rs) pesshy ‘ W BuW (R W) Ly,
[ by B0, (RHSY) ggas0, | RO B ) 5y g,
’nl\aﬁ R (K< b4 w_mg‘ [F> W (-8) s

W BALT (W=R) s 1,
’ HE RRBR (R -WSY) e sw\

’ B> ZA N (W-KSH) m_mg\

R, > W (Meb™) ussup,
By 2R (B et

W > RW W (R 6) 5 9e 6y, ‘ ’ B> 2A26 (W \e) A‘ﬂ.‘i&ﬁ‘o‘

M.M.Miihlleitner, LHC Extended Scalars, 6 July 2021 27
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TR, "Unexplored signatures in the IDM and TRSM"

Benchmark points/ planes [ASymmetric/ Symmetric]

AS BP1: h3 — h1h2 (h3 = h125)

SM-like decays for both scalars: ~ 3 pb; h} final states: ~ 3pb

AS BP2: h3 — hlhg (h2 = h125)

SM-like decays for both scalars: ~ 0.6 pb

AS BP3: I‘l3 — /71}72 (/71 = h125)

(a) SM-like decays for both scalars ~ 0.3 pb; (b) h} final states: ~ 0.14 pb
S BP4: h2 — h1h1 (h3 = h125)

up to 60 pb
S BP5: h3 — h1h1 (h2 = h125)

up to 2.5 pb

S BP6: h3 — hyhy (hy = hios)

SM-like decays: up to 0.5 pb; h final states: around 14 fb

Tania Rob IDM TRSM WG3 E s i Meeting, 6.7.21
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