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CMS Trigger System for Quarkonia or

L=3.9f" (Vs =13 TeV, 2017)

double muon inclusive

> E Trigger paths
* CMS has collected data for 6 years at 7, 8 and 13 & .o CMS K
10" E Preliminary [
S~ —
TeV a S —
* Increasing instantaneous luminosity e 1008 ¢ " —
» Triggers essential to measure specific final states in o 107 Y EEEEE low mass double muon + track

hadronic collision
» B-Physics specific triggers
* Double, triple and quad muon selectors 10°
* Vertexing and vertex displacement
« Dimuon mass windows
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J/W, ¥(2S) Cross Sections at 7 TeV

prompt J/y— p* u’, corrected for acceptance

* Measure J /i and (2S) xsec in bins of p, up T . 4 - N CMS ys=7TeV L=37pb" 7]
to p; ~ 50 GeV = 107 ¢ Ry —5— 0.0 < |y| < 0.9 (x625) =
] - Y oy —H— 0.9 <yl <1.2(x125) 2
. - O C S Rem ——12<lyl<16(x25) ]
« High precision measurement =, o *01% - 5 16<lyl<21(5) |
= Compare with model 2 10°¢ U . ——21<lyl<24(x1) 3
+ Test of NRQCD = [ %NS PromPREORRAEY
* short-distance terms governed by parton  T_ 10k K, R _
distribution functions (PDFs) g e T, e 5
» long-distance matrix-elements (LDMES), fitsg N e N ]
to data b 1= SN =
« Good agreement " = AN ot -
% B - i
m .I 0 1 = | . ; =
« Several Questions - W—p——
» Does the scaling with energy work? o NN X N
« When do NNLO corrections become 10 = Luminosity and polarization 3
necessary — uncertainties not shown .
« Higher pT, do the models still agree? ] ' —
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J/Y, ¥(2S) Cross Sections at 13 TeV

* Measure J /Y and ¥(2S) xsec in bins of p, up
to p; ~ 100 GeV

* Improves on prior reach of 50 GeV at CMS

* Do the models still work?

2.4 " (13 TeV)
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Dimuon final state

Vertex probability and pT requirements on
dimuons at HLT level

Detailed / /1y & muon acceptances and quality
cuts applied after reconstruction
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J/W, ¥(2S) Cross Sections or

 Find scaling in total cross section . 2.4V fp | 2.7V fy (13 TeV)
due to CoM energy increase > 103 : CMS = JAy,13TeV o 7TeV
% 107 Preliminar * y(2S),13TeV © 7 TeV
« Input to models Q oF Y
-—-% 10?;... ly| < 1.2
+ Used as a baseline measurement o o 10F " oo EEEED. .,
» Cross section ratios R s "fogroa
 Multi-parton interactions I "o " .
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Y(1S), Y(2S), Y(3S) Cross Sections or

_ 2.7 b1 (13 TeV)
. Yttrtlgger accepts 1S, 2S and 3S > 105 CMS . Y(1S)x 100,13 Tev © 7TeV
States Q 4 i °* Y(2S)x10,13TeV o 7TeV
« Dimuon decay channel 8 103 Preliminary (25)x 10,13 Te ©
* Y(nS) 13 TeV compared to 7 TeV B 10 - T R ¢ Y(39), 13 TeV 7Tev
measurement Bl o 10°F 88, ly| < 1.2
© ~ 2 ° -
10 S & . O o 2 =
X °© 8 e o Op = 4
« CoM cross section scaling similar T 1_E 2oy, ,  TC°o8s., ° o =
tO ]/lp 10—1 :E 4 a 3 }_\‘. ; 2 : 3 : © ('3 ; [} o
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Prompt Quarkonia or

2.4 (13 TeV)

I & =
* Prompt and non-prompt contributions to J /i 3. [ CMS 20 <p_<21 GeV
« Maximum likelihood fit to measure non-prompt & 10*= Preliminary y| <0.3
fraction — - x?/ndf = 1.26
" -
« Non prompt J /i can be from B decays g oL — Total fit
dxy*mx it = — Prompt signal
« Pseudo proper decay length lxy — - — Non-prompt signal
pT 102 --- Background
« Displaced vertex measurement available to = Yl e
triggers -l T Ty
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B Hadron Inclusive Cross Section at 13TeV

. N N cCMS 43 1 pb (13 TeV)
 Measured using B™ - J /YK < 10— e e =
* |0 =15.3 + 0.4(stat) + 2.1(syst) + 0.4(lumi)ub 8 - @ —H— g:z Hglﬁ :55:2;1}5} (a) =
* Reasonable agreement with FONLL[1] and “j-; 1 :_*“ | ' FONLL (13TeV) _

PYTHIA predictions = E & PYTHIA (13 TeV) =
o} - Nt —4— Data (7 TeV, scaled to [y®|<1.45)
2 N T\'—@_-_ —+— Data (7 TeV, scaled fo [y°*]<2.1)
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. [ 0 n <17 Ge <145 17 <a o0 Gev <21 PO Uy ot PYAETED :
= 1600 ] a 102 r—t— ]
- n t Data = 2 = =
1400 - | —— Fitto all entries E B - —— -
01200 ‘ B* — J/y K* signal = © LT e .
S B Bl Combinatorial background B 10 = & _E
B \\\\\\\ B" — Jly " background ] - | .
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n ] Z 2F El} =
g E 2 15F a4 E
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Observation of B, Properties via Branching Ratios or

5.1 b (7 TeV)

* B cross section ratio with B measured at 7 TeV ?5 601 CMS
° B(C) pT > 15 and |y| < 1.6 g 50:_

S p.(B) > 15 GeV
o(B2) x BriBe = J/4m™) 0.48 £ 0.05 (stat) £ 0.03 (syst) %+ 0.05 % g9 eI <18
J(Bi) % B?‘(B:I: — J/l,bKi) = [0. .05 (stat) & 0.03 (syst) + 0.05 (78, )] % L% 302

* Observation ofdecayto /Y +3 « 20}
5.1 6" (7 TeV) of o)
> OF
8 : CMS :...II....I..J\I....I..H{....I..HI....I..J\
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=B ot
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40 ! § Ve
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Studies of Charmonium Like States .
CMS, Vs=7 TeV, L=5.2 flb'1

111 ” 111 ” > : | I :
« Several states named “X” or “Y” recently found % 5005 Sideband-subtracted Data
* Many unknowns = n — Fit .
. Som_e decay _through J/¥ + quarkonia > 400 =
« Add information to the puzzle Q - .
* J/y reconstructed through u™u™ in these analyses I 300~ | —
« ¢ reconstructed through K*K~ S - .
- - i
c 200 —
@) - ' \ ]
X(3872) - J /Yyt~ : Cross section ratio, non prompt 100 {. ] : + '[' {_ —
fraction, compare to theory ;} {. {' 1 {' u
0_ -~y < - - = p
X(5568) —» Bont . Search - t } .H. {' {' {' {' ]
L i — ' ' .
% K+K- 1 1.02 1.04 i 1.06

m(K'K") [GeV]

Y(4140) —» B _)]N)%Ki : Mass, width

K*K~

Phys.Lett.B 734 (2014) 261  [E



X(3872) = J /Y mrm™ or

- Cross section ratio measured on 7TeV data * Decays from B-hadrons found by measuring non-prompt
« R = X(3872)/(2S) cross section ratio fraction based on [,, > 100um

« Assumed unpolarized

» Polarization variation up to 90%
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X(3872) » J/Y ™

* Prompt cross section measured at 7 TeV

» Compared to NRQCD model [1]

» Predictions describe pT shape well, however
significantly exceed measured value

|\|||||||||||||||||||||||||||I|||||||||

< 1E CMS Vs=7TeV T
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g 10 i3 } \ E
2y i TN .
£ ® i $ N i
S o - RN .
be I “‘\HH ]
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107 i .
i, e, e, et ]
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[1] Phys.Rev.D. 81 (2010) 114018
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Di-pion invariant mass spectrum compared to simulation
Resonant p® - nr intermediate state (red)
Non-resonant (blue)

Intermediate p° better agrees with data
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Search for X(5568) — BY ©*

« Evidence for 5588 MeV X state from DO [1]
« CMS searches at 8TeV using 19.7 fb~1
« B2 pT > 10 GeV

or

No significant resonance found

Data (points) compared to sideband B? (blue)
Upper limit set on py the production rate times
branching fraction B

_ a(pp—>X+anything*B(X—>B§’7ri))
px = ( o (pp—Bl+anything) <3.9%at95% CL . CMS Freliminary 19.7 5 (8 TeV)
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Search for Y(4140) in the B* — J/y¢pK* Decay or

Observation (>5¢) in 7TeV data 5.2fb!

- _ -1

Mya1a0) = 4148.0 + 2.4(stat) + 6.3(syst)MeV| = e S M SIENIS L= —

+15 o FY(4140) —+— Data -

Iy(a140) = 28211 (stat) + 19(syst)MeV = [ l —— Global fit -

o 20 ? eees Three-body PS (global fit)

EE \ : +1o uncertainty band 7

+  Additional mass peak not established e - Eﬂgﬁmﬁlﬂg Ejﬁ $|§)} E
* Possible reflection E

* Mpeqrz = 4313.8 £ 5.3(stat) = 7.3(syst)MeV 150
* Dhearz = 38732(stat) + 16(syst)MeV

| + e 1D it

@ ANt H
e Am = m(H+M_K+K_) _ m(,u+,u_) ________ . ~+__._... T )

50 e halk e
« Seen by CDF[1], and LHCb[2] E ﬁv"’ + + n
« Not seen by Belle[3], BaBar[4] R 4 _E
[1] Phys.Rev.Lett. 102 (2009) 242002 R T T T TN N T N NN SN SR TN T A T AN S NTNNN NN N T A AN
[2] Phys. Rev. D 95 (2017) 012002 1.1 1.2 1.3 1.4 1.5 _
[3] Phys.Rev.Lett. 104 (2010) 112004 Am [GeV
[4] Phys. Rev. D 91 (2015) 012003

Phys.Lett.B 734 (2014) 261  [Rt



Prompt Double Quarkonia Production or

I/
Double quarkonia production phase space @ CMS nicely complements utu—utu=<P(28)
LHCb Y(nS)

4 muon final state accesses many decay channels
Muon reconstruction in CMS
» Good resolution (%n~0.6%) for J /Y
« High purity Muon ID
Silicon tracking
* pT resolution ~1% , 3.8 T magnetic field
« (Good vertex reconstruction
Potential grounds for discovery
* 1, (highly suppressed by current predictions)
* Pseudo-scalar Higgs (NMSSM)
» Tetraguark bound state
Non-trivial contribution from double parton-scattering (DPS)
» Cannot be modeled by current NRQCD predictions
Non-trivial contributions from Next-to-Leading Order(NLO) SPS as well
» Models released recently begin to approach NLO and NNLO

Tetraquark?




Prompt Double J /4 Production or

J /W acceptance critical

« Use 3-muon trigger

« 2 dimuon candidates compatible with J/y « CMS gives access to high pT regime
« Dimuon and 4-muon vertex probability requirements « Complemantary to LHCDb
« Assuming unpolarized J/y * New model produced based on this
measurement
s=7TeV,L=471' \s=7TeV,L=47f
ﬁﬂ-‘ld_l 1T | LI LI LI | LI | T 1T | LI | I'TT I_ 5" 2_5—|I T I rrrt | LU ] LI | LIBLILL ] LI I LI | L | I II_
L [ i c 7L i
> [ CMS Unpolarized Jiy ] = | CMS Unpolarized Jhy ]
__{DH___,DJE__ Stat unc. n % [ Stat. unc. i
= : —}— stat. and syst. unc. g 2= —f— Stat. and syst. unc. ]
2 01 N i Jhy phase space: i
2. C ] - p_ > 6.5 GeV/c for |y| < 1.2 -
= 1.5~ i -
- 0.08— — i p, >6.5-4.5GeVicfor 1.2 < |y| < 1.43 ]
B ~ 7 i p, > 4.5 GeV/c for 1.43 < |y| < 2.2 ]
8 : i ]
006 Jiy phase space: — B s
3 p, = 6.5 GeVic for |y| < 1.2 . T B
i P, = 6.5—4.5GeVicfor 1.2 < |y| =143 i = i
0.04 p,>4.5GeVicfor 143 <y| <22 — - . ?
- . 0.5 -
0.02 —1 ] I ! l ]
N i i ! i
_II 1 1 |I 1 11 | 111 1 |I 1 11 | 1 1 i 1 il 1 11 i I'I 1 1 il 1 II_ .00||||0|5||||.‘|I_”_,TH5_'4+2L’_|_H2_L‘5"|3|||||3|5||||4|.|||
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Prompt Double Y Observation

CMS Preliminary L=20.7 fb’ (Vs=8 TeV) 10
<5 9
s 8
o 10—
O ] 7
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> 8 . 16
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3 >
S °
© 0__ 1
S 85
O 0

» 2d scatter plot of selected YY — 4u events

e Observation of Y pair production >50
JHEP 05 (2017) 013 19



Candidates / 50 MeV

Prompt Double Y Observation

Yield extracted with 2D maximum likelihood fit
Signal is modeled by 2 Crystal-ball functions
Background is 15t order polynomial

25—

20

15

10

homo

or

38 + 7 signal events for Y(15)Y(15)
Small hint of Y(15)Y(2S)

Not enough statistics to extract DPS/SPS
fraction

ag(pp = YY) = 68.8 + 12.7(stat) + 7.4(syst) + 2.8(BR) pb

e
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Effective Cross Section of DPS or

* 0.5y represents the effective size of partonic interaction in the proton, should be independent of +/s
« Jet measurements so far show higher values than quarkonia

DPS contribution from quarkonia is predicted for CMS based on 7TeV cross section measurements
« CMS can provide several more points in runs with higher statistics

3 T Os vy, [ansoer Shee)
—— AFS (4 jols - no amors)
25 F—— UA2 (4 jots - lower limit) E
—a— CDF (4 jots)
o0 F——— CDF fy + 3 jets) T
. = —&— DO (y+ 3 jots)
1 0% = ——1 ATLAS (W + 2 jats)
Ooff = = single ] = 15 F—s— CMS W + 2jats) 1] 11
2 O-dps l:lm —a—i D0 |:'J"I1'|-r+"l"l'-|"} \
10 l I\
5t : :
H . 0,
Estimate [1]: 13% SPSLO )y Y(1s) DO
60% SPS NLO 0 : ! -
27 %  DPS 0.01 0.1 i 10

Vs [TeV]  v(1s)Y(1S) cMms

[1] Phys.Lett.B 751 (2015) 479 2




Conclusion or

CMS is contributing in many different quarkonia measurements

Stay tuned for exciting results in the future!
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uarkonia spectrum: Bottom
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Prompt double J /Y non-resonant production JHEP 1409 (2014) 094 &

Ns=7TeV,L=47 b’

. Ns=7TeV,L=471 R LR LA LA AR RN AR AL R R
* Non-resonant prompt model at 7TeV consists §35°CMS+ %250 CcMs e ponents ]
L —— All components N rom L
of DPS and LO SPS Gaunf L B s
. . . [ r e Jhy-combinatorial N v-combinatonal 7
* Non-prompt is B model, combinatorial Sasof [ .. st E = S L Pursly combinatoral
background ézooé : §1so .
Wsof i
« Prompt & non-prompt shapes derived from ool o E
MC : sof -
- Combinatorial shapes from sideband o AN b R
analySiS D85 29 295 3 305 81 3.5 32 32533 335 28?;;)24351;’ 3053I1311;5F3L2‘2§254 33 335
() (GeVic?) M (GeVic?)
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