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Understanding the X(3872) - |
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Understanding the X(3872) -l

0} gy - BX(3872) — J/pr* )
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> b U oms Vs 7TV — 8 102 Qi ATLAS .
8 E \\ _ e Elrjs\{i_q 7 Tev E g .- %é \s=8 TeV, 11.4 fb_1 3
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© N = X(3872) p_ [GeV]
102 N
- X(3872) & Y(2S) f 3 g 2.55.
L assumed unpolarized ] o oF + ATLAS data [§]NLO NRQCD £
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pT(J/1|1 ) [GeV] oo =
0.5 =
0:' ]
Results are compared with a theoretical prediction 10 20 30 X(S%%Q)‘:’ST ?Gog\%
based on NRQCD factorization @ LO approach by
Artoisenet & Brateen (S-wave molecular model) Measurement, as a function of p; is compared to NLO
[PhysRevD.81.114018] with calculations normalized NRQCD predictions assuming the X(3872) modelled as
using Tevatron results, modified by the authors to a mixture of y (2P) &a D’D™ molecular state
match CMS phase-space. by Meng et al. [PRD96 (2017) 074014].

The shape is reasonably well described by the theory
while the predicted cross section is overestimated by
over 30 ![ the same happens with LHCb data @ low py]

Alternatively to the compact tetraquark option,
a possible interpretation for the X(3872) is

a quantum mixture of a charmonium state
X.(2°P) & an S-wave molecule D°D™.

Snowmass EF06-Had / 24-6-2020 A.Pompili (UNIBA & INFN-Bari) 3



First evidence of the X(3872) in PbPb collisions - |

>> One crucial aspect is the possibility to discriminate experimentally between ...
compact multiquark configuration ( ccuiz ) & loosely bound hadronic molecule (by proximity to DD threshold)

2 In relativistic HI collisions the formation of the QGP (an extended volume of deconfined quarks & gluons)
could enhance the production of the X(3872) state through the quark coalescence mechanism

D° — D*° molecule

Its much larger size makes the molecule easier to be produced & destroyed than tetraquark

D(l

The study of X(3872) production rate in HI collisions, with Tetraquark (4q) c

©
reference to a standard charmonium (\y(2S)), may be used C .
S N - @V

to separate a compact tetraquark configuration (radius ~1fm) —-===== C . 40)

from a large-sized configuration of a molecular state (radius ~10fm), ___ae======""""""" .

where the latter could lead to a significantly larger enhancement of the prompt production rate.

In B-enriched data sample : In inclusive data sample :

CMS Preliminary 1.7 nb™ (2018 PbPb 5.02 TeV)4 450‘EMS Preliminary 1.7 nb™ (2018 PbPb 5.02 TeV_)4

F B-enriched (1, > 0.1 mm) 15<p_<50 GeVic g »non'prompt II)(ZS) é Inclusive LV E 15<p_<50GeVlc -
eoF cMmS, | lyl<1.6 400F" yl<16 53

is clearly visible

Cent. 0-90% :2

Cent. 0-90% —_ :_
en % 3, < 350F

S s _ G

>t inclusive ¥(25) & g,soo;

= signal is visible o 250F

= :‘1:200_

3 . . . . 2 150E

2 first evidence of inclusive X =™ CMS PAS HIN-19-005 | -
X(3872) production in HI 1:2? M/\ ER
[statistical significance > 3c] b, ..A..A

365 37 375 38 385 39 395 4
Mypnn (GeV/cz) My ynn (GeV/CZ)
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First evidence of the X(3872) in PbPb collisions - i

2> The ratio of corrected yields of prompt X(3872)
to prompt Y(2S), times their BFs into J/Yyn*n™ :

X 1
R— Ncorr 102 1.7 nb”' (2018 PbPb 5.02 TeV)
N¢ £ CMS preliminary pp (7 TeV, CMS)
corr - ly| <1.2
- PbPb (5.02 TeV, CMS) ® Inclusive
10E |y < 1.6, Cent. 0-90% pp (8 TeV, ATLAS)
- 'm Prompt ly] <0.75
C : e Prompt
R(PbPb) =110+t > © Nonprompt
0.51(stat.) £ 0.53(syst.) g7 f --------------------------------------------
... to compare with ... | §¢
10_1;".—. ¢ ‘ oms. | .
R(pp)~0.04 = 0.1 P z @
B B | L1 5|
1072 11 11 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I 1 1 11
10 20 30 40 50 60 70

Note: log-scale ;
stat.err.=bars & syst.err.=boxes (not added!)

>» The ratio measurement is affected by several
sources of sizeable systematic uncertainty

2 More statistic is needed to get a conclusive result

>

<
<
o

This ratio measurement - considered alone - may
hint that ... the X(3872) is less suppressed than 1 (25).

Whereas we have no idea about the nuclear
modification factor of the X(3872), | | has
already reported a significant suppression of
P(2S) in PbPb collisions :

PbPb 368 b, pp 28.0 pb™ (5.02 TeV)
B T T | T T T 7T ‘ T T T [ L | T T T T | T T T I_
1.4~ Cent. 0-100% CMS |
- lyl<1.6 ]

1.2 ]

EPJ C78 (2018) 509

)
ey m Prompt J/y 1
0.8 HIN-16-025 e Prompt ¢(2S)

0.6 -

- ~ Bar: stat.
0.4r HEH gy 1.7
r - Box: syst.

0.2

% 5 0 15 20N 25 30
p, (GeVic)

Nuclear modification fac)or of prompt ¥(25) :
Ry, =0.142 + 0.06}(/§tat.) + 0.020(syst.)

4

S

Snowmass EF06-Had / 24-6-2020

A.Pompili (UNIBA & INFN-Bari)



Understanding the X(3872) - 1l

CMS arXiv:2005.04764 1

> First observation of the X(3872) from a B? decay: - CMS |=, 140 fb (13 TeV)

g ?gg ¢ Data cvs- | 2D-fit projection
B? - X(3872)¢ — ) (KK — Fit

& 140 — - (X(3872), bkg)
8 120F ---(bkao)  § NI —EFT

. B(BY — X(3872)¢) x B(X(3872) = J/ymn~) _ N(BY — X(3872)¢) L EBy0s)g % 9

BB} - 9(25)¢) x B(p(2S) —» J/pmtnm)  — N(BY = 9(25)¢)  emixasmygp’ § 13 8 ----- (bkg, bkg) -

=(2.21 £0.29 (stat) £ 0.17 (syst) ) %.

60
40
; 20

u’ 20

neutral VS charged meson BF hints a non-pure ¢C nature

Z—"'l"‘l"l"\"'\"'l“'l"'l"—: Z_IHIIHH\IIH|Hl|[lrll|r|w|[|w|lxL:
3 I,:+:\\> > 1 Bg—>X(3872)¢—; — Bl— w(2S) ¢ — e _ 3.80 ] _ .
- m(Jyrr) [GeV]
- |' —— || B°—X(3872) K™% ! B%— y(2S)K™ ——
- : 1 F E CMS 140 o (13 TeV)
! 1 F ; > i
- ——1 |30—>X(3872)K0*E 3 B>y (29)K° —— g 80 " obtained by ;Plot weighting. ¢ Data Gvis, |
A 1 F 1 o [ — Fit
— \\:.,I..» —e— B'—5X(3872) K*—; ; B*—>w(2S)K* . ; % 60 - o Bg signal
= I Y I R S N R i SR T FE N R N R N — B
0O 2 4 6 8 10121416 0 1 2 3 4 5 6 7 E Y . Background
B(B—X(3872) h)xB(X(3872)—Jyrz-), 10°° B(B—-y(2S)h), 104 T 40 —
©
&) B

0 ......................................
2 in the tetraquark scenario this is explained by the fact that N N T T T
the amplitude for the charged decay gets 2 contributions 5.32 5.34 5.36 5.38 5.4 5.42
of same order instead of 1 [Maiani et al. arXiv:2005.08764] m(X(3872)¢) [GeV]
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Search for X, the bottomonium counterpart of the X(3872)

» Heavy Quark symmetry suggests an X, as » For each mass point (scan by 10 MeV-sized steps), the ratio

‘bottomonium counterpart’ of X(3872) . R= ?(pngg)).Bﬁfx‘;S;’Yﬁx*f)) is evaluated as ...
o(pp— — At

The molecular models suggests to search

close to BB threshold (m =10.562(604)GeV ) (R Na | [fray)| obeenvedvimos |
[model dependent prediction for a BB molecule g | N\?ZZ;S_),E i\ £x, ',i i-fif-'f'-e-'lf‘-'-x-f-c-cf?-t?ﬂci '
by Swanson (2004)]. Q—Eg:’ st " g' : -’i 1o Expected [
rg 10% Vs =8 TeV ' :] + 20 Expectad
2| (& gl) looked forX, = Y(1S) 7°x~ decay | 3 ::: T
seemingly analogous toX(3872) = J/yx'n~ 3

search for a peak - other than known Y (25),Y(3S) - in the

Y (1S) " 7w spectrum within 10 +11GeV range (mass scan) =T

[expecting narrow width & possibly sizable BF similarly to X(3872)]

Ys)  Y@S)  CMmSbarrel
8000 { ‘ s=8TeV —
L=20.7fb" ]
pT>13.SGeV; . o
yi<t2 —> NO significant excess observed

|:> 959% CL upper limits set on the ratio ? :
observed UL range: 0.9% to 5.4%

™ EEEEEED
L L ! | T e | » Similar results from @

98 10 102 104 106 108 11
My 15y [GEV] PLB 740 (2015) 199

Candidates / 6 MeV
3
]
|

llll

: slightly more stringent limits

npr-»

Snowmass EF06-Had / 24-6-2020 A.Pompili (UNIBA & INFN-Bari) 7



Observation of the x,(3P) system

>» There have been earlier measurements related 20T T T T T T T T T T T T T
[y a ATLAS 441 3
to x5;(3P) mass by ATLAS, LHCb & DO, however | fggg %Z * | :
without being able to distinguish between the 2 eoF = | B _E
. - by C J
candidates of the x;,;(3P) multiplet. T 140f =
f‘g 120 =
» The high-resolution study by || was able s 100¢ E
o . . 5 80 -
to distinguish for the first time between the S coF -
l?‘ :_ _:
Xp1(3P)& x»2(3P) candidates of the multiplet. 2 af
20 :
T 0% : -
o cms s P i 96 98 100 102 104°X106 108
[ (5=13Tev l BB BR* m(upy) -mpu) +m - [GeV]

80 L=80.0f" . | | Each peak represents | The new structure was observed
> L . i ' an unresolved triplet | in x5, (3P) — Y(1S,25)y decays
5 [ sy, o0 i ‘ %t 2> The two masses are individually measured & the Am as well :

5 403_ * Background l * ; Amay =m(y)—m(yp) = (10.6+£0.64+0.17) MeV
| p============ P AN : : q . . .
. [} converted ! | P + :+ | \:> enough precise to provide important constraint to theory models
-! photons i LA | | _
2) [ Scsssasssss ; pas | | strongly disfavours the breaking of the conventional pattern of splittings
I i, .* A | Ii in the doublet & supports the standard hierarchy (J=2 heavier than J=1)
104 1045 105 1055 10.6
Y(3S) Y invariant mass (GeV) 2 At the current statistics no hint of the hypothetical X}, that might exist close

to the BB threshold (decay X, — Y(3S)y ) [Karliner, PRD91 (2015) 014014]

Snowmass EF06-Had / 24-6-2020 A.Pompili (UNIBA & INFN-Bari) 8



Search for the X(5568)

» D¥5 claimed [PRL117 (2016) 022003] the observation of a narrow structure, called X(5568) [ I"~ 22MeV ],
inclusively produced, in the decay sequence ... X(5568)° — Bix*, B, = J/y¢, J/y—u'u , ¢ = K'K"

» The X(5568) should have a 4-quark content with all quarks of different flavour (b, s, u, d)

2 Large relative production: the fraction of Bg from X decay : p’=(8.6+19+14)% o=

o(pp — X(5568)* + anything) B(X(5568)* — Bln*)

CMS 19.7 fb™ (8 TeV) CMS 19.7 fb (8 TeV) 500 ; T s
3 800 2 [ O bt i ! HS | ‘ s 4D

= = 600— T } i 400H]
To) [te} = 1 1 1 fre g - n ¥
7 - 2 r 1
» 600 ] L ~ 300 —
0] Q 0 < C mi
g g 400 pT(Bs) > 15 GeV 2 ]
5 a00L s [ g E ‘ Dat g
2 400 2 ¢ Data “om |ATEAS L sena) E
© © = Fit , Vs=7TeV, 49" ... Eacé(géound (B) E
© O 200 1 — 100 Vs=8 TeV,195f"' — Fit(S+B) i
200 CMS ! \ PY(BSP 10 GeV — . DO mass peak ]
F | . . r
L E L T 1=!
S o2b b #oabigh b dd TEE dt Iy o 3 : E ‘ 3

= e S bk ©
£ 9 ;H ;mﬂi ;m&il* S imm*i gli 3 #Q*&#;i#;* .***i AL g0 ;ﬁ miﬂﬁ Hm&# st *i*ﬁ}“#*{?;gii*{i*gﬂ{% .#’H*ﬂ miﬂmg $ ‘ :
55 5.6 5.7 58 5.9 55 5.6 5.7 58 5.9 | 5600 5790 =850
MAB ) [GeV MAB 1) [GeV m(B2x*) [MeV]
S S

o(pp — B! + anything) €eiNpo

Events / 2 MeV

Signal (S)
..... Background (B)
— Fit(S+B)

Vs=7 TeV, 4.9 "

N -1
‘ Vs=8 TeV, 19.5 fb . DO mass peak

2> Upper limits on 0, , the relative production rate of X(5568) &Bs0 states, times the
unknown BF of the X(5568)° — B.n" decay, computed using the asymptotic CLs frequentist method :

50§ . pT(BS)>15GeV
N e —
5600 m(ﬁf,{;) [MEV]5700 5800
PRL 120 (2018) 202007

_ ,CMs 19.7 o (8 TeV) Py <1.1[1.0]% @ 95%CL fOI‘pT(B;))> 10 [15]GeV 0.05r : l
& Hewms 4 T'=10MeV o TI'=20MeV - ATLAS —=— Observed 95% CL limit
QXZ'SE f ¢ T'=30MeV + I'=40MeV 0.04- ‘:3:7 TeV, 4‘9fbv. :] El:ec!edQS%CLllmit .
S o a TN 2 Upper limits are also obtained for different o R e @
3 150 values of natural width (I'=10 to 50MeV) & S 2
5 masses [up to 5.9GeV/-1.5T"] oo
F oofemet
g px doesn’t exceed the +10 error
55" T I - S— band from the expected limit « 9550 5600 5650 5700
M*(Br*) [GeV] m, [MeV]
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First observation of the radially excited B} (2s5) & B:*(25) states

2 In the family of mesons composed of a charm quark & a PRL 113 (2014) 212004
bottom anti-quark, given the different heavy quark flavors, o
the only allowed transitions are through photons or pion
pairs (these mesons cannot annihilate into gluons). The first
observation of a radially excited state was by % in Run-I.

Its mass consistent with predictions for Bf(2S) with a local 10
significance of 5.40. Could be the superposition of 2 closely 5
spaced hyperfine partners (very soft photon is lost).

CMS /|

ATLAS %’f Q.. =288+5MeV -
J-Ldt=192fb'1 s Opnn = 18+ 4 MeV ¢
(s=8TeV Ng .. =35+ 13

® Data

Wrong-charge
combinations

B; > ]/ym

B.nm

Events / 20 MeV
N
o

o "
0 100 200 300 400 500 600 700
m(B_rn)-m(B,)-2m(r) [MeV]

2 In| | Mass resolution agrees with MC expectations (~6MeV) and is much lower than AM thus allowing a two-peak structure to be observed
- CMms _1| N(B*(25) =67+ 10 | ¢ Data M > Local significance exceeding 6.5¢ for observing two peaks rather than one.
60— 1= iarey N = S For both single peaks significance is above 50
. Bi(Jiy K . . ,
> 50t (full Run-I1') Comb. backg. 2> Measured two peaks’ mass difference: AM = 29.1 + 1.5 (stat) +£0.7(syst)MeV
= ¢ | N(Bf(2S)=51+10 |
© 401 | PRL122 2 The 2 peaks can be resolved since Am is enough larger than mass reso-
- | (2019) lution, in spite that the soft photon from B,(2S)* decay is lost (too soft)
£30° | 132001
GC) C
01 20 » Given that predictions indicate:
- [ M(B(1S)*) - M(B(1S)) ] > [ M(B(2S)*) - M(B(2S) ]
mw ... the B(2S)* peak is assumed to be the lower peak!
OT 1°1 L L oy

1 | 1 1 | 1 1 1
6.8 6.9 7.0 7.1

M(B: z*7") — M(B;) + mg. (GeV)

> Later confirmed by [PRL 122 (2019) 232001]
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Relative cross sections of the excited B} (2s) & B:*(25) states w.r.t. B}

2 There are predictions (*) for relative yields of 2S-excitations decaying with a dipion emission :
different models can bring to relevantly different predictions, thus it is important to experimentally

determine the ratio of production Xsections (times BFs) of these two excited states

(*) E. Eichten, C. Quigg, PRD 99 (2019) 054025; A.V. Berezhnoy et al., Mod. Phys. Lett. A34 (2019) 1950331

» || has recently measured the following 3 ratios of relative cross sections : CMS-PAS-BPH-19-001
010 CI\_IISPreIir_r11inary ¢ R; 0.10 CI\_IISPreIir_qinary ¢ R:+ G(B+(2S))
[ 13 Tev °R AN oR o RY ==t = 3572069 (stah) £ 032 (sys) %
Co0sf | | . 05: : (B*i(2s))
i i] b 2 L + # ++ o« R = ————= =49120.69 (stat) £ 0.57 (syst) %
SRR . | S o(B?)
I ) | ) I s ) PRI S I R BRI
f ; . o(B.T(2S
=y } SR } o R + pr= 282 1.39 + 0.35 (stat) = 0.09 (syst)
O A R A T B o(B(2S))
20 30 40 50 60 00 05 10 15 20
B: transverse momentum (GeV) B¢ absolute rapidity - @ By(2S) data CMS i
r —B;(ZS) phase space 5213 TeV
[ BB/(2S)data
‘F 0.4 B ---B."(2S) phase space
3
3
2> The shape of the di-pion invariant mass is also examined : go2 R l
- R S e v
o-E G g
300 200" 500600
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Study of excited AJ states decaying to A)n*m-

2> LOW-MASS REGION (near threshold)

Confirmation of A,(5912)° &
First confirmation of A, (5920)°

Candidates / 1 MeV

Mass measurements: consistent with /PDG & with similar precision

20}

0 L '

¢

CMS up to 140 fo™' (13 TeV)

100 H cMS, /| ¢ Data
| —Fit

------ Saey — Signal
0lstat. signif. ~ Gomo. g
6ol ' 54 +5.70 !

Peees X " ( ~ full Run-II')
a0f

¢

5.91 5.92 5.93 5 94

5.95

2> HIGH-MASS REGION PLB 803 (2020) 135345 My = M(AT ) — M(AY) + MPPS(AD)]|[Ge V]
b
CMS up to 140 fb' (13 TeV)
> 140F
[0} C ¢ Data |cms i ) ) ) 0 .
ﬁ 120~ —Fit Z H =) | First confirmation of Ap(6146)° & AL(6152)
- - — Signals I
g 100 Comb. bkg (very recently discovered by [LHCD])
L 80| {H H {
S - { Mass measurements: in agreement with LHCb values but not as precise as
@ 60f
O [ .
40F- Y Lommm==="" Note: 2-peaks vs 1-peak hypotheses (I" free) has very low
5 tH S | IR Ll significance (0.4c) : we are not sensitive to the splitting
200 4— because of the worse mass resolution
it 4 by PR | Z L | Ly o o
0We=ESS x T = 54 and much lower statitstics w.r.t @9
Mo, [GeV]
The amount of data is too low to try a proper interpretation of this broad structure (not present

in same-sign distribution), bit later confirmed by & interpreted as further excited Ab state
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Search for narrow resonances decaying to Y(15)u*u~

» || very recently released a measurement of the Y(1S) pair production Xsection @+/s = 13TeV

This process serves as a standard reference in a search for narrow resonances decaying to Y(15)u* u™ since the
final state is the same and the event selection is similar.

The existence of an heavy bottom tetraquark [ bb bb ] predicted by few theoretical models

[below twice the 17, mass] can searched in a mass window between17.5 +19.5GeV (namely
around 4 times the mass of the bottom quark), within the Y(18)u* 1™ final state.

> searched for such tetraquarks without finding any hint of a signal [JHEP 10 (2018) 086]

>» | carried out a generic search for narrow resonances decayingto Y(1S)u*u~, performed in an
extended mass window 16.5 ~ 27GeV , and probing a kinematical region not accessible at
No significant narrow excess of candidates is _ e 859Mb7(13TeV)
observed above the background expectation. :‘E‘ CMS e SZ:a:e:xpem '
CMS A 3591713 Tev) g | Tetaquark e expected
SA45FT T T T T T = _
G405 ' Comnatoralte. — Tovaquark (m= 19 Ge) 3 Upper limits on the product of the production £ W 95 expecied
35 T YASN(S) arXiv:2002.06393 | Xsection of a resonance and the BF to a final : - '
P E state of 4 muons via an intermediate Y(15) ? M
3 ) E are set @95% CL (using the modified frequentist i '
f construction CL, in the asymptotic approx.). > | '
woeo1e 20222 28 28 Searches to be performed again with full Run-Il data my (GeV)

i, (GeV)
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Study of /¥ p resonances in the AY) - J/y pK~decays

2 Motivated by the observation of pentaquark states P (uudcc)in the J /1 p final state.

npyr-»

2 Based on full Run-I data reconstructs the decay Ag — J/Y pK~ dominated by backgrounds.
M

The pentaquark masses and widths obtained using the model with two pentaquarks are consistent with the : s e R
corresponding LHCb results [5]. The fit of the model with two pentaquarks to data yields y* /Ny = 37.1/39 S E ot 05 simpkrn.
corresponding to p-value= 55.7%. The fit with the two pentaquark signals with their masses and widths S ke 1
i = - /Y
fixed to the LHCb values 5] yields x*/Naor = 49.0/43 with p-value= 24.5%. 5 I v
800 B,—J/ynn
The data are also compatible with the recent LHCb observations of three narrow pentaquarks [9], although .
do not allow to make independent measurement of their parameters. - ¢
400
Although the data prefer the model with two or more pentaquark states, the model without pentaquarks }
is not excluded. G . Mot o
P+(3/2 5/2 ) NO P+ S T T BT ST
> "o Data > : , , M(J/y, p, K) [GeV]
= ATLAS Prellmlnary — Tolsisignal ] - ATLAS Prehmmary * :::, p——
8 300} s=7,8TeV;4.9,206 0" I_C°':-:h:t:l-'l° S 300 Vs=7.8TeV: 4.9, 20.6 fb’ :IC"_"":V"‘;'W'BGL
2 [559<MJypK)<565GeV e 2 [ 559<MJy.pK) <565 GeV —avieliE ATLAS-CONF-2019-048
g 250} B B, Jyxx & 250 —eheE
[ w | *el ASdiyA® + rofl.
200 — —
; P=0.9% -
150 — —

100/~

50—

5.2
M(J/y, h=p) [GeV]

M(Jy, h,=p) [GeV]
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Summary & outlook

CMS ‘ A
> & ‘Z\ are clearly engaged in performing searches & measurements in the field of
conventional & exotic hadron spectroscopy

2» This commitment is longstanding (since Run-I) and clearly benefits of the higher statistics
collected in Run-II.

In some cases the full Run-ll data has to be (partially or fully) exploited yet.
Many analyses has been carried out and many others are in the list.

For instance: continue to contribute to understanding the nature of the X(3872), also
exploting HI collisions, search for its bottomonium partners and its charged partners;
the spectroscopy of beauty mesons with charm & strange quark; single- and (in future)
doubly- heavy baryons; full heavy 4-quark systems ( bbbb, ccbb, cccc), ...

2> Many kind of analyses are prohibited by overwhelming backgrounds, trigger constraints,
reconstruction/identification limitations, but many others can be done successfully
exploiting some excellent features of the detectors and reconstruction algorithms.

2> Proper trigger strategies will be established to extend the potentialities of the two
experiments to the Run-lll data.
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Backup & additional material
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Reconstruction of the hyperfine partners

“virtual position” in the
spectrum due to photon loss

m

‘.Y

The solid and dashed lines
indicate the emission of
/7~ photons and pion pairs, respectively

1 S 14 55 MeV
/
B.=6275 2 B
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Generic search for narrow resonances in the Y(1S)u™ u~ final state

35.9fb" (13 TeV)

2> The results of a search for a light narrow resonance, such as
a bound state beyond-the-standard model, does not show
any significant narrow excess of candidates above the
background expectation.

cMS I —— Observed
—— Median expected |
- 68% expected
|:| 95% expected

Scalar

95% CL limit on oB (fb)
3

This generic search in the extended mass window is probed
using the JHUGEN models.

Upper limits on the product of the production % o GeV)
Xsection of a resonance and the BF to a final i} .
. . ] _ 359fb' (13 TeV) ' 35.9 b (13 TeV)
state of 4 muons via an intermediate Y(15) g lems —omsened ] € [cms — Observed
. . g . o B lan &x i @ 10°F B ian ex 7
are set @95% CL (using the modified frequentist  © | pseudoscalar "o P 1 ° " gpino Median expected |
. . . S - 68% expected 3 - 68% expected
construction CL, in the asymptotic approx.). £ [ 95% expected £ [ 95% expected
3 3
The largest excess is observed @ 25.1GeV witha & "} p
local stat. signif. of 2.4G.
ULs range between 5 = 380fb depending 10F 1 ' _ . :
on the mass and signal model chosen M (GeV) . (GeV)

(scalar, pseudoscalar, tensor)

3 These searches should be performed again with full Run-Il data
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