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Introduction

O Following a study here [1], it becomes clear that several anomalous in the LHC Run-| datasets
can be explained by adding new scalar bosons to the SM.

O Two real scalar x and S, where x is dark matter, while S is Higgs-like boson [2] .
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O Subsequently, a more sophisticated investigation is performed on Run-1I LHC datasets [3] .
O These discrepancies are not likely to be a result of the mismodelling of the SM prediction.

e [1] J.Phys.G 45 (2018) 11, 115003
e [2] Eur. Phys.J.C 76 (2016) 10, 580
e [3] JHEP 10 (2019) 157
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https://arxiv.org/pdf/1711.07874.pdf
https://arxiv.org/pdf/1606.01674.pdf
https://arxiv.org/pdf/1901.05300.pdf

The simplified model

Effective Lagrangian approach

1 1,
L = Ea,‘sa“s— EmSSS, 1 sM v sm "
Lo =— I ﬁgxm GuvG*VH + B,k VuVHH,

1 oy 1 a
Lyt = — K, = SGMVGY, + — Kk, —SFMVF, 1 _ _
at T2y o @S H=— s [Tt H + 3,0, 50H |
+ 3 Kz o SZ Zuy + g Kgy o SZHY Fuy | )
1 20 _ Ly = OuH*H — -myHH + L5+ L.
+ 3 Ko Faysw*“"wyv, 2 2
my oz Lot =Lsm+ L+,
L= Yk LsFr tot SM H S-
s ); 5, Sf S
1
Luns = = 5 9[RS + g hSS+ Aoy HHS
+AII)AHSS+A'IMAHhS‘| ’

1 1
Ly = =5V Aoy SXA = S5, SSXX-

O Where 82 = y:0 5 /35N, is the scale factor for H production.
Ls = i+ Loy + Lsgi+ Lons + L, a
s K s 17 hHS R4 O The total Lagrangian contains the SM, H sector and the real
singlet scalar S.

e [1] J.Phys.G 45 (2018) 11, 115003
e [2] Eur. Phys.J.C 76 (2016) 10, 580
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https://arxiv.org/pdf/1711.07874.pdf
https://arxiv.org/pdf/1606.01674.pdf

The simplified model

The possible decay modes

S.No. | Scalars | Decay modes Scalar | Production mode | Search channels
= g5+ H,Hij (g5F and VBF) Dircct SM decays as in Table |
+r— utu—. si cé +W— M
D.1 h bb, i T, utu, 88, e, 88, vy, 2, WW ™, ZZ 5 55/Sh 5 4W - 4¢ + EFS
D.2 H D.1, hh, SS, Sh 5 hh = yybb, bbre, 4b, yyWW etc.
D.3 A D.1,17, Zh, ZH, ZS, W= H . e — ﬂg?swlhcrzhzz = B A
+ th, Wt + pp—Z(WE)H (H = S5/Sh) S o)+ B
D4 H W=h, W=H,W=S LA
D.5 N D.1, xx < 2(1)1+4j+ B
pp— TH,(1+T)H (H— SS/SH) | —2W+2Z+ EP and bjets
6 3 same sign leptons + jts and EfSS
pp—tH (H - W*H) 6 = 3 same sign leptons + jts and E3*
we L 1bHE (H = W7H) Same as above with extra b-jet
pp— HHT (HE = HWF) 6 = 3 same sign leptons + jets and EF™
pp— W= (HE ~ HWY) = 6W = 3 same sign leptons + jets and EF™
88— A(ggF) =1
H-==-=- 4 S
3 A— ZH (H - 55/5h) Same as pp —» ZH above, but with resonance sructur over final siate obeets
89— A~ WEHT(HT 5 W7H) | 6W signature with resonance siucture over final stte obects
s |sosen Resonantly through decays as in Table 1 (yy,bb, 7, 2Z - 4f)

or H - $8Sh associated production) | Non-resonantly through mulilepton + EF' decays

O Is considered to be completely dominant.

O Alist of potential search channels arising from the addition of the new scalars; which
O leads to rich phenomenological activities. Of particular interest are multilepton signatures.
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The simplified model

Multilepton final states

Opp— H—Sh— 0t + X = JUAUNE I o i R
145 GeV/ o Origgs ke s m; = 145 GeV
o [Bammoime feenrer odf Slmmmziomey oty 3
org | Opposite-sign Opposite-sign
. . - g éww T T T T 135::‘6755'; T T T T
O Expected to have more jets multiplicity; and e B R e 4 e SR Fme
O di-lepton invariant mass below 100 GeV. ]
O Well separated leptons as shown in A¢(¢¢). oss E

O Efficiency comparable to that of the SM.
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The BSM signal assumptions

O The masses of the H and S bosons were fixed to 270 GeV and 150 GeV respectively.
O The SM Higgs boson is taken to be 125.09 GeV.
O Including significant production mechanisms only:

O The branching ratio for the H — Sh is fixed to 100%.
O The S is assumed to have Higgs-like branching ratio.
O The only free parameter left out in the fit is 3, of the size of the Yukawa couplings.
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LHC multilepton measurements

O ATLAS and CMS multilepton measurements;

O with a simple baseline selection is shown.

O Most of the results are from the Run-1l datasets.

O These were not included in the previous results [3] .

e [3] J.Phys.G 45 (2018) 11, 11500

Data set

Reference

Selection

ATLAS Run 1
ATLAS Run 1
CMS Run 2
CMS Run 2
CMS Run 2
ATLAS Run 2
ATLAS Run 2
ATLAS Run 2

=

ATLAS-EXOT-2013-16
ATLAS-TOPQ-2015-02 [
CMS-PAS-HIG-17-005
CMS-TOP-17-018

CMS-PAS-SMP-18-002
ATLAS-EXOT-2016-16
ATLAS-CONF-2018-027 [ 10]

ATLAS-CONF-2018-034 [11],

S { and £06 + b-jets

OS epi + bjets

SS ept, pyp and L0+ D-jets
0S ep

L+ B (WZ)

S { and £0F + b-jets

0S ept + bjets

(Ul + By (WZ)

(4]
(5]
(6]
e [7]
(8]
[9]
[
[

4] JHEP 10 (2015) 150

5] Eur. Phys. J. C 77 (2017) 804

6] CMS-PAS-HIG-17-005 (2017)
JHEP 10 (2018) 117

8] CMS-PAS-SMP-18-002 (2018)

9] JHEP 12 (2018) 039

10] ATLAS-CONF-2018-027 (2018)
11] ATLAS-CONF-2018-034 (2018)
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https://arxiv.org/pdf/1504.04605.pdf
https://arxiv.org/pdf/1709.09407.pdf
https://inspirehep.net/files/f77dafec92cb31e4ab45d7d39d48cb4c
https://arxiv.org/pdf/1805.07399.pdf
https://inspirehep.net/files/98e855870e3522b2cda7d8de4cf3f9fc
https://arxiv.org/pdf/1807.11883.pdf
https://inspirehep.net/files/5a3acd5ce3e5f96368d1dd8823dfaa09
https://inspirehep.net/files/f99505ad8035d91ffbb623de6b8a35cd
https://arxiv.org/pdf/1809.06344.pdf

LHC multilepton measurements

CMS fit example with the BSM signal

O Poor modelling of POWHEG+Pythia8 distribution is improved through reweighting.

O We fix the normalisation of the SM by scaling it to the data in the region mg, > 110 GeV.
O A normalisation systematic of 3% is applied to all but DY.

O DY systematic = 6.8%. 3% systematic on my, shape in top

O Fit results:

o 32 =27940.52
o Fitis extremely well constrained.
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O Used conservative assumption that ¢T¢~ + 2b final state is perfectly described by the SM.
O The discrepancy comes from events with NV, _jes, and excess unlikely due to ¢Z.
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The combined fit results

O Fitting ATLAS and CMS measurements simultaneously. g 7op—————— 177 e 'F?P%
O The profile-likelihood ratio as a function of 52. g 6ol s s s e
O The combined best-it for 52 is 2.92 + 0.35. o\ e e ]
O This is equivalent to a significance of 8.04¢. b 1
40— |
O Which is calculated by: i ]
30~ A
o 7 =+/—2log A\(0) b E
O The multilepton discrepancy can be explained using “’i ‘
only one parameter. £ = 4 - ]

GD 1 2 3 4 5

O The inconsistencies have been growing since Run-I of
the LHC.

e [3] JHEP 10 (2019) 157
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LHC multilepton measurements

Results not included in the combination
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O Residual discrepancies at high m, will be fixed with missing NNLO QCD and NLO EW corrections.
[0 Excess at low m,, remains prevalent, indicating that effects seen in Run 1 were not statistical fluctuations.
O NNLO QCD corrections do not fix the issue (see Mitov et al.)
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LHC multilepton mea

Excesses in di-leptons with full-jet veto not included in the combination
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Anatomy of the multilepton anomalies

Dominant SM
e corcirnte | R stonce

m,<100 GeV,
I'I- + jets, b-jets dominated by Ob- tt+Wt >50
jet and 1b-jet
I'l- + full-jet veto m,; <100 GeV WwWw ~30
I & ¥l + b-jets Moderate H, ttW, 4t >30
LIt & X1l et al., In association -
no b-jets with h R g0
Z(>11)+1 P:z<100 GeV ZwW >30

O Anomalies cannot be explained by mismodelling of a particular process, e.g. ¢t production
alone.
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Summary

The current multilepton excesses in the LHC data are not due to statistical fluctuation;

nor are coming from SM prediction mismodelling.

These discrepancies are interpreted with a simplified model;

where H — SS, Sh and S is treated as SM Higgs-like.

The masses of the H and S bosons were fixed while 3, is set free.

The combined significance measures the inability of MC tools to describe multilepton data; and

Oo0oo0oooogoao

how a simplified model with H — Sh is able to capture the effect with one parameter.
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Thank you!
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