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Introduction

• Discovery of Higgs-boson with mass 125 GeV in 2012 gives 
the new motivation for extended Higgs sector at LHC.

• A set of models beyond Standard Model  predicts light 
(pseudo) scalar bosons: 2HDM, nMSSM, …

• An extensive search in ATLAS, CMS, LHCb put some limits to 
production cross-sections of such particles in the frame of the 
concrete models. 

However, the number of models is countable but the phase-space 
of the different realizations of nature is infinite. It is impossible to 
set the absolute exclusion in the ever mass range reachable in the 
experiment.



Introduction

While doing the detailed search of dimuon 

resonance in the mass range 12-70 GeV produced

in the association with b-jets 

pp->bbA, A->µ+µ- at √s = 8 TeV in 2012

an enhancement in the dimuon spectrum near 

Mass=28 GeV was observed in events containing 

a b quark jet in the central pseudorapidity

region (|η| ≤ 2.4)
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Monte-Carlo background events

8 TeV 13 TeV

Drell-Yan: LO Madgraph with 0,1,2,3,>=4 jets, 

parton showering with Pythia 6/8

W+jets: LO Madgraph+Pythia6

tt:    Madgraph+Pythia

Single top: powheg+pythia

Diboson production:      Madgraph+Pythia powheg, AMC@NLO + Pythia8



Object and global 
event selection

Single muon trigger with pT>24 GeV 

Good vertex criteria are switched on

PF and JPT anti-kT jet algorithms are used with distance 
parameter R=0.5(0.4) for 8(13) TeV

JetPileUP Identification for jets |h|<2.5

B-tagging CSVMVA for 8 TeV with super-Tight working point 
(0.0005 rejection factor for light-q jets) and for 13 TeV Tight 
working point (0.001 rejection factor for light-q jets) 

Tight global muons are used with Tracker isolation  with criteria 
of vertex (dr<0.2 cm, dZ<0.5 cm).



Offline event selection and 
events categorization 
in 2012-2017

Note, we do not take into account
category with only one jet with pT>30 
GeV and |h|<4.7

Although this category is the additional 
to SR1/2.

Pileup conditions:

8 TeV (2012):

13 TeV (2016):

Event category Search region 1 Search region 2

Muons OS, pT1,2>25 GeV, |h|<2.1 

Dimuon mass Mµµ>12GeV

B-tagged jet pT>30 GeV. |h|<2.4

Other jets pT>30 GeV, 
2.4<|h|<4.7

pT>30 GeV. 
|h|<2.4

Jet veto No other jets with 
pT>30 GeV. 
|h|<2.4

No other jets 
pT>30 GeV, 
|h|<4.7

pT
miss - < 40 GeV

Df(µµ,jj) - > 2.5 rad



Mass spectra at 8 
and 13 TeV for 
SR1/SR2

At 8 and 13 TeV the same search regions
(SR1,SR2) are used.

Note: 
there is a difference in b-tagging.

8 TeV – super-Tight (lq rejection rate 0.0005)
13 TeV – Tight (lq rejection rate 0.001)

tt at 13 TeV increases in 3.5 times w.r.t. 8 TeV



Fit of mass spectra

Unbinned fit is done using polynomial 
function  of the second for background 
parametrization and Breight-Wigner for 
signal parametrization.



Evaluated cross-
sections and limits

S (TeV) 8 13

Event 
category

SR1 SR2 SR1 SR2

Local 
significance

4.2 2.9 2 -1.4

mX (GeV) 28.3+-0.4 27.2+-0.6

Γµµ (GeV) 1.8+-0.8 0.7+-1

NS 22+-
7.6

22.8
+-9.5

14.5+-
9.3

-14.9+-
10.1

NS observed 
upper limit

40.4 44.7 36.9 32.2

NB observed 
upper limit

18.3 27.6 27.6 35.6

Int. Lumi 19.7+-0.5 35.9+-0.9

sfid (fb) 4.1+-
1.4

4.2+-
1.7

1.4+-
0.9

-1.5+-
1.0

Observed 
upper limit

7.6 8.4 3.7 3.2

Expected 
upper limit

3.4 5.2 2.7 3.5
Reconstruction efficiency = 0.27



Caveats known already 
at time of paper 
approval

1. We had the request from CMS to use 
completely the same cuts for 13 TeV 
as we did for 8 TeV, but:

At 13 TeV background is increase 
~3.5 times due-to increase of ttbar 
cross-section. We do not know what  
is increase for our potentially 
observed process. It may be 1.5 times 
as for Z-boson

The high mass sideband rises 
rapidly as function of mass at 13 TeV. 
NWU team proposed the special cut 
pT

µµ/Mµµ but we could not use it for 
this paper.

2. The choice of symmetric threshold for 
pT

µ looks not too natural

3. We put cut for SR2 on pT
miss but SR1 

shows that in these events (under the 
excess) we may have non-zero pT

miss   



Full Run II analysis in 2019-2022

We discussed within Higgs POG and had agreed on the analysis procedure:

- optimize the analysis with 2008/2016 data and fix analysis parameters

- use the optimized analysis for 2017-2018 data

If excess exists then calculate significance basing on only 2017/2018 data otherwise 
calculate upper limits basing on 2017/2018 data.



Optimization strategy

What we could optimize:

1. Symmetric cut on muon pT : What is the most optimal cut?

2. The object is boosted: could we use it?

3. Jets: in addition to gluon radiation, due to reconstruction efficiency, jet energy scale, change of jet 
radii the number of jets with pT>30 GeV in different h-range may be changed: could we add another 
jet category?

4. B-tagging – new algorithms appear at market: what is algorithm dependence?

5. Missing pT: we put this cut against tt but it may cut the signal object so as:  could we release it?

The goal of cuts and categorizations in dimuon excess analysis: suppress ttbar events
or Drell-Yan events or both using some general considerations. As we do not know the origin of 
excess, cuts and categorizations at the same time reveal some features of the excess 
whatelse nature it has.



Muons

pT cut on the second muon in SR1 in 13 TeV data:
clear difference between sidebands and
signal range.

The same feature in pT spectrum is seen
in 8TeV data both in SR1 and SR2.

Looks like the cut on the second muon can be
optimized. The best choice giving the maximal 
significance appeared to be
pT

µ1/2 = 25, 18 GeV
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Boost cut: pTµµ/Mµµ
8
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Figure 3: The di–muon mass distribution in the range of 12–70 GeV in SR1 for the 8 TeV analy-
sis [41] before (left) and after (right) applying the requirement on the boost, pµµ

T /mµµ >1.7. The
selection on the transverse momentum for both, leading and sub–leading muons was set the
same as in [41] (pµ1

T >25 GeV, pµ2
T >25 GeV). The result of an unbinned maximum likelihood fit

described in [41] is shown as a solid line. Dashed line presents the background component of
the fitted model.

Table 3 presents the best fit signal event values (NS), the best fit signal and background event225

values in the di–muon mass signal range of 26–32 GeV (Nsigr
S , Nsigr

B ), the number of data events226

in the di–muon mass signal range (Nsigr
data), the mass and width of the event excess and the local227

significance in SR1 for the 8 TeV analysis before and after requirement on the di–muon boost.228

Table 3: The best fit signal event values (NS), the best fit signal and background event values
in the di–muon mass signal range of 26–32 GeV (Nsigr

S , Nsigr
B ), the number of data events in

the di–muon mass signal range (Nsigr
data), the mass and width of the event excess and the local

significance in SR1 for the 8 TeV analysis before and after requirement on the di–muon boost.

no requirement on pµµ
T /mµµ >1.7 pµµ

T /mµµ >1.7
NS 23±9 23±9

Nsigr
S 18.3 18.3

Nsigr
B 11.9 9.6

Nsigr
data 33 29

mµµ( GeV) 28.4±0.6 28.3±0.5
Gµµ( GeV) 1.9±1.3 2.1±1.3

local significance (s.d.) 4.2 4.5

The requirement on the di–muon boost simplifies the background shape and can improve the229

signal over background ratio in the event excess location depending on the threshold value.230

As in the previous analysis [41] the polynomial function for the background model was used231

in the unbinned fit and the optimal choice of the function order was based on the same criteria.232

The fit was performed in the falling part of the di–muon mass spectrum of 16-70 GeV (18–233

70 GeV) for 13 TeV data in SR1 (SR3) excluding the event excess window of 25–30 GeV. Fig. 4234

pTµµ/Mµµ>1.7No cut

NS
fit=18.3

NB
fit=11.9

Local significance = 4.2

NS
fit=18.3

NB
fit=9.6

Local significance = 4.5

Symmetric cut pTµ1/2 > 25 GeV



Categorization in the number of jets

In paper:              

SR1: 

1 bjet in |h|<2.4

Central jet veto

>=1 jet in |h|>2.4

SR2:

1 bjet in |h|<2.4

1 jet in |h|<2.4

+Df(µµ,jj)

+pT
miss<40 GeV

+no other jets

New category does not have overlaps neither with
SR1 nor with SR2:
1 bjet in |h|<2.4
1 jet in |h|<2.4
>=1 jet in |h|>2.4
This category is the natural addition to SR1 allowing 
one more jet on top of CJV. 

New Search Region (SR3)
Difference w.r.t. SR1 and SR2:
1. It can be considered as

SR1 + 1 central jet 
2.   It can be considered as

SR2 + >=1 frw jet+other cuts



SR1/SR3 in 2008/2016
Optimized cuts:
pTµ1/2>25,18 GeV, pTµµ/Mµµ>1.7

10

 [GeV]µµm
20 30 40 50 60 70

Ev
en

ts
 / 

1 
G

eV

0

10

20

30

40

50

60

70

80

Signal + background fit
Background only fit

>1.7µµ/mµµ

T
>25,18 GeV, p1,2µ

T
SR1    p

 (13 TeV)-1                                                         35.9 fbCMS

 [GeV]µµm
20 30 40 50 60 70

Ev
en

ts
 / 

2 
G

eV

0

5

10

15

20

25

Signal+background fit
Background-only fit

>1.7µµ/mµµ

T
>25,18 GeV, p1,2µ

T
SR1    p

 (8 TeV)-1                                                         19.7 fbCMS

Figure 5: Left (right): the di–muon mass distribution in the range of 12–70 GeV in SR1 for
13 TeV 2016 (8 TeV) data after the optimized selections, pµ1,2

T >25,18 GeV and pµµ
T /mµµ >1.7.

The results of an unbinned maximum likelihood t for the signal-plus-background (solid lines)
and background-only (dashed lines) hypotheses are superimposed.
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Figure 6: Left (right): the di–muon mass distribution in the range of 12–70 GeV in SR3 for
13 TeV 2016 (8 TeV) data after the optimized selections, pµ1,2

T >25,18 GeV and pµµ
T /mµµ >1.7.

The results of an unbinned maximum likelihood fit for the signal-plus-background (solid lines)
and background-only (dashed lines) hypotheses are superimposed. The fit in SR3 to 8 TeV
data was performed using the the mass and width and their associated uncertainties obtaned
from the combined fit to the 8 TeV data in SR1 and SR2 from [41], mX=28.3±0.4 GeV and
Gµµ=1.8±0.8 GeV.

SR1 13 TeV (2016) 8 TeV

NS 38+-18 26+-10

Mµµ 28+-0.5 28.2+-0.4

Width 1.4+-1.1 2.1+-1.4

Local sign. 3.0 4.3

SR3 13 TeV (2016) 8 TeV

NS 64+-41 <18(18)

Mµµ 26.4+-0.6

Width 2.1+-2.0

Local sign. 3.0



Missing pT or modified SR2

We applied missing pT cut at SR2 to suppress tt background at 8 TeV together with 
Df(µµ,jj)>2.5 cut. However, missing pT distribution for SR1 reveals that the excess 
events may have non-zero missing pT.

For SR2 we request only 2 jets in full eta space (up to 4.7).

Case 1: drop missing pT cut and Df(µµ,jj)>2.5 cut but keep pTµ1/2>25 GeV, add 
pTµµ/Mµµ>1.7

Case 2: drop missing pT cut and Df(µµ,jj)>2.5 cut  and optimize pTµ1/2 and 
pTµµ/Mµµ cuts



Optimized SR2
12
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Figure 7: Left (right): the di–muon mass distribution in the range of 12–70 GeV in SR2 (SR2mod)
for 8 TeV data after the selection on the pT of the leading and sub–leading muon used in [41]
(pµ1

T >25 GeV, pµ2
T >25 GeV) and the selection on the di–muon boost, pµµ

T /mµµ >1.7. The
results of an unbinned maximum likelihood fit for the signal-plus-background (solid lines)
and background-only (dashed lines) hypotheses are superimposed. The fit is performed in the
di–muon mass range of 12–70 GeV (19–70 GeV) for SR2 (SR2mod). The the second (third) order
polynomial function for the background model was used for SR2 (SR2mod).

Table 6: The best fit signal event values (NS), the mass and width of the event excess and
the local significance in SR2 and SR2mod for the 8 TeV data after the selections, pµ1

T >25 GeV,
pµ2

T >25 GeV and pµµ
T /mµµ >1.7.

8 TeV data SR2 SR2mod

NS 22±10 20±14
mµµ( GeV) 28.4±0.6 29.0±0.5
Gµµ( GeV) 1.8±1.1 0.8±1.1

local significance (s.d.) 3.0 2.1

The 13 TeV 2016 data shows no significant excess near 28 GeV in SR2mod with the same selec-282

tions (pµ1
T >25 GeV, pµ2

T >25 GeV and pµµ
T /mµµ >1.7) and with the selections optimized for SR1283

and SR3 using 13 TeV 2016 data (pµ1
T >25 GeV, pµ2

T >18 GeV and pµµ
T /mµµ >1.7). Therefore we284

have optimized the event selections in SR2mod using 8 TeV data with the aim to provide the best285

possible upper limit on the potential signal for full Run II data analysis. The selection on pµ2
T286

smaller than 25 GeV does not provide an increase of the local significance. Therefore we have287

added the leading muon pT for the selection optimization in addition to pµ2
T and the di–muon288

boost. The maximal local significance is obtained for pµ1,2
T >31,26 GeV, and pµµ

T /mµµ >2.0.289

Fig. 8 left (right) shows the di–muon mass distribution in the range of 12–70 GeV in SR2mod
290

for 13 TeV 2016 (8 TeV) data after the optimized selections. The 13 TeV 2016 data shows no291

significant excess near 28 GeV in SR2mod with the optimized selections. The results of an un-292

binned maximum likelihood fit for 8 TeV data for the signal-plus-background (solid lines) and293

background-only (dashed lines) hypotheses are superimposed.294

Local significance changes
From 3 to 2.1

5. Analysis of 13 TeV 2017 data 13
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Figure 8: Left (right): the di–muon mass distribution in the range of 12–70 GeV in SR2mod for
13 TeV 2016 (8 TeV) data after the optimized selections, pµ2

T >31,26 GeV and pµµ
T /mµµ >2.0. The

results of an unbinned maximum likelihood fit for 8 TeV data for the signal-plus-background
(solid lines) and background-only (dashed lines) hypotheses are superimposed.

In SR2mod for 8 TeV data the best fit signal event value NS=38±18, the mass mµµ=29.2±0.4 GeV,295

the width Gµµ=1.4±1.1 GeV and the local significance is 3.5.296

5 Analysis of 13 TeV 2017 data297

5.1 The µ–e final state with DeepCSV btagging298

We compare data to MC for events selected by MuE stream with triggers:299

• HLT Mu23 TrkIsoVVL Ele12 CaloIdL TrackIdL IsoVL300

• HLT Mu12 TrkIsoVVL Ele23 CaloIdL TrackIdL IsoVL301

• HLT Mu8 TrkIsoVVL Ele23 CaloIdL TrackIdL IsoVL DZ302

and with the offline selections:303

• pT leptons > 25, 15 GeV304

• h of leptons in the range |h| < 2.4305

• at least 2 jets with pT > 30 GeV306

• at least one or two jets are b–tagged with Tight DeepCSV: btag> 0.7738307

Scale factors and corrections:308

• Muons: Muon scale factors are taken as provided by Muon POG for UL2017:309

https://twiki.cern.ch/twiki/bin/view/CMS/MuonPOG310

in chapter ”User Recommendations” for MuonUL2017,311

https://twiki.cern.ch/twiki/bin/view/CMS/MuonUL2017312

Rochester corrections are applied as V5:313

https://twiki.cern.ch/twiki/bin/view/CMS/RochcorMuon.314

• Electrons:315

https://twiki.cern.ch/twiki/bin/view/CMS/EgammaUL2016To2018316

Local significance changes
From  2.1 to 3.5

5. Analysis of 13 TeV 2017 data 13
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Figure 8: Left (right): the di–muon mass distribution in the range of 12–70 GeV in SR2mod for
13 TeV 2016 (8 TeV) data after the optimized selections, pµ2

T >31,26 GeV and pµµ
T /mµµ >2.0. The

results of an unbinned maximum likelihood fit for 8 TeV data for the signal-plus-background
(solid lines) and background-only (dashed lines) hypotheses are superimposed.

In SR2mod for 8 TeV data the best fit signal event value NS=38±18, the mass mµµ=29.2±0.4 GeV,295

the width Gµµ=1.4±1.1 GeV and the local significance is 3.5.296

5 Analysis of 13 TeV 2017 data297

5.1 The µ–e final state with DeepCSV btagging298

We compare data to MC for events selected by MuE stream with triggers:299

• HLT Mu23 TrkIsoVVL Ele12 CaloIdL TrackIdL IsoVL300

• HLT Mu12 TrkIsoVVL Ele23 CaloIdL TrackIdL IsoVL301

• HLT Mu8 TrkIsoVVL Ele23 CaloIdL TrackIdL IsoVL DZ302

and with the offline selections:303

• pT leptons > 25, 15 GeV304

• h of leptons in the range |h| < 2.4305

• at least 2 jets with pT > 30 GeV306

• at least one or two jets are b–tagged with Tight DeepCSV: btag> 0.7738307

Scale factors and corrections:308

• Muons: Muon scale factors are taken as provided by Muon POG for UL2017:309

https://twiki.cern.ch/twiki/bin/view/CMS/MuonPOG310

in chapter ”User Recommendations” for MuonUL2017,311

https://twiki.cern.ch/twiki/bin/view/CMS/MuonUL2017312

Rochester corrections are applied as V5:313

https://twiki.cern.ch/twiki/bin/view/CMS/RochcorMuon.314

• Electrons:315

https://twiki.cern.ch/twiki/bin/view/CMS/EgammaUL2016To2018316

Nothing at 13 TeV…
Bg >4 times higher

Difference between 8 and 13 TeV: b-tagging has more soft requirements, pileup increases ~2 times (no PUID
in forward region) -> non-zero probability that part of events migrates to SR3.

8 TeV
Case 1

8 TeV
Case 2

13 TeV
Case 2



One more time on categorization : FINAL?

SR1: 

pTµ1/2>25,18 GeV

1 bjet in |h|<2.4

Central jet veto

>=1 jet in |h|>2.4

pTµµ/Mµµ>1.7

SR3:
pTµ1/2>25,18 GeV
1 bjet in |h|<2.4
1 jet in |h|<2.4
+>=1 jet in |h|>2.4
pTµµ/Mµµ >1.7

Difference w.r.t. SR1 and SR2:
1. SR3 can be considered as

SR1 + 1 central jet 
2.   SR3 can be considered as

SR2 + >=1 frw jet

SR2 modified:
pTµ1/2>31,25 GeV
1 bjet in |h|<2.4
1 jet in |h|<2.4
pTµµ/Mµµ >2
+no other jets



SR1+SR2mod+SR3
5. Analysis of 13 TeV 2017 data 13
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Figure 8: Left (right): the di–muon mass distribution in the range of 12–70 GeV in SR2mod for
13 TeV 2016 (8 TeV) data after the optimized selections, pµ2

T >31,26 GeV and pµµ
T /mµµ >2.0. The

results of an unbinned maximum likelihood fit for 8 TeV data for the signal-plus-background
(solid lines) and background-only (dashed lines) hypotheses are superimposed.

In SR2mod for 8 TeV data the best fit signal event value NS=38±18, the mass mµµ=29.2±0.4 GeV,295

the width Gµµ=1.4±1.1 GeV and the local significance is 3.5.296

5 Analysis of 13 TeV 2017 data297

5.1 The µ–e final state with DeepCSV btagging298

We compare data to MC for events selected by MuE stream with triggers:299

• HLT Mu23 TrkIsoVVL Ele12 CaloIdL TrackIdL IsoVL300

• HLT Mu12 TrkIsoVVL Ele23 CaloIdL TrackIdL IsoVL301

• HLT Mu8 TrkIsoVVL Ele23 CaloIdL TrackIdL IsoVL DZ302

and with the offline selections:303

• pT leptons > 25, 15 GeV304

• h of leptons in the range |h| < 2.4305

• at least 2 jets with pT > 30 GeV306

• at least one or two jets are b–tagged with Tight DeepCSV: btag> 0.7738307

Scale factors and corrections:308

• Muons: Muon scale factors are taken as provided by Muon POG for UL2017:309

https://twiki.cern.ch/twiki/bin/view/CMS/MuonPOG310

in chapter ”User Recommendations” for MuonUL2017,311
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Figure 8: Left (right): the di–muon mass distribution in the range of 12–70 GeV in SR2mod for
13 TeV 2016 (8 TeV) data after the optimized selections, pµ2

T >31,26 GeV and pµµ
T /mµµ >2.0. The

results of an unbinned maximum likelihood fit for 8 TeV data for the signal-plus-background
(solid lines) and background-only (dashed lines) hypotheses are superimposed.

In SR2mod for 8 TeV data the best fit signal event value NS=38±18, the mass mµµ=29.2±0.4 GeV,295

the width Gµµ=1.4±1.1 GeV and the local significance is 3.5.296

5 Analysis of 13 TeV 2017 data297

5.1 The µ–e final state with DeepCSV btagging298

We compare data to MC for events selected by MuE stream with triggers:299

• HLT Mu23 TrkIsoVVL Ele12 CaloIdL TrackIdL IsoVL300

• HLT Mu12 TrkIsoVVL Ele23 CaloIdL TrackIdL IsoVL301

• HLT Mu8 TrkIsoVVL Ele23 CaloIdL TrackIdL IsoVL DZ302

and with the offline selections:303

• pT leptons > 25, 15 GeV304

• h of leptons in the range |h| < 2.4305

• at least 2 jets with pT > 30 GeV306

• at least one or two jets are b–tagged with Tight DeepCSV: btag> 0.7738307

Scale factors and corrections:308

• Muons: Muon scale factors are taken as provided by Muon POG for UL2017:309

https://twiki.cern.ch/twiki/bin/view/CMS/MuonPOG310

in chapter ”User Recommendations” for MuonUL2017,311

https://twiki.cern.ch/twiki/bin/view/CMS/MuonUL2017312

Rochester corrections are applied as V5:313

https://twiki.cern.ch/twiki/bin/view/CMS/RochcorMuon.314

• Electrons:315

https://twiki.cern.ch/twiki/bin/view/CMS/EgammaUL2016To2018316
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Figure 5: Left (right): the di–muon mass distribution in the range of 12–70 GeV in SR1 for
13 TeV 2016 (8 TeV) data after the optimized selections, pµ1,2

T >25,18 GeV and pµµ
T /mµµ >1.7.

The results of an unbinned maximum likelihood t for the signal-plus-background (solid lines)
and background-only (dashed lines) hypotheses are superimposed.
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Figure 6: Left (right): the di–muon mass distribution in the range of 12–70 GeV in SR3 for
13 TeV 2016 (8 TeV) data after the optimized selections, pµ1,2

T >25,18 GeV and pµµ
T /mµµ >1.7.

The results of an unbinned maximum likelihood fit for the signal-plus-background (solid lines)
and background-only (dashed lines) hypotheses are superimposed. The fit in SR3 to 8 TeV
data was performed using the the mass and width and their associated uncertainties obtaned
from the combined fit to the 8 TeV data in SR1 and SR2 from [41], mX=28.3±0.4 GeV and
Gµµ=1.8±0.8 GeV.
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Figure 5: Left (right): the di–muon mass distribution in the range of 12–70 GeV in SR1 for
13 TeV 2016 (8 TeV) data after the optimized selections, pµ1,2

T >25,18 GeV and pµµ
T /mµµ >1.7.

The results of an unbinned maximum likelihood t for the signal-plus-background (solid lines)
and background-only (dashed lines) hypotheses are superimposed.
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Figure 6: Left (right): the di–muon mass distribution in the range of 12–70 GeV in SR3 for
13 TeV 2016 (8 TeV) data after the optimized selections, pµ1,2

T >25,18 GeV and pµµ
T /mµµ >1.7.

The results of an unbinned maximum likelihood fit for the signal-plus-background (solid lines)
and background-only (dashed lines) hypotheses are superimposed. The fit in SR3 to 8 TeV
data was performed using the the mass and width and their associated uncertainties obtaned
from the combined fit to the 8 TeV data in SR1 and SR2 from [41], mX=28.3±0.4 GeV and
Gµµ=1.8±0.8 GeV.

Difference w.r.t. SR1 and SR2:
1. SR3 can be considered as

SR1 + 1 central jet 
2.   SR3 can be considered as

SR2 + >=1 frw jet

Note:
Events can migrate in berween
SR* due to difference in JES
And pileup conditions.
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Summary

🔴 We see the excess of events at M=28 GeV in dimuon mass spectrum in SR1, SR2 at 
8 TeV with significance 4.2 and 3 correspondingly (paper)

🔴 We see mild excess in SR1 at 13 TeV (2016 year) with the same cuts and 
categorization (except b-tagging) as used with 8 TeV data (paper)

🔴 We reoptimized cuts and categorization basing on 8 TeV and 13 TeV (2016) year 
assuming the increase of tt background and pileup.

🔴 We see the dimuon excess at approximately the same mass ~28 GeV in dimuon 
mass spectrum in 2016 data (13 TeV) in SR1 and in the new region SR3. 
Reoptimized cuts increase the excess at 8 TeV data so as. Nothing is seen in SR2 
modified.

According agreement with Higgs conveners we will use these optimized cuts and 
categorization performing the blind analysis of 2017/2018 data.


