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CMS

Qutline

1. Measurement of prompt open-charm production cross sections in p-p

collisions at Vs =13 TeV [CMS-PAS-BPH-18-003]

2. Relative cross sections of B (2S)" and B_*(2S)" states with respect to the B_"
state in proton-proton collisions at vs = 13 TeV

[arXiv:2008.08629, submitted to PRD]

3. Measurement of the Y(1S) pair production cross section and search for
resonances decaying to Y(1S)u' in proton-proton collisions at Vs = 13 TeV

[Phys. Lett. B 808 (2020) 135578]



http://cds.cern.ch/record/2720606
https://arxiv.org/abs/2008.08629
https://www.sciencedirect.com/science/article/pii/S0370269320303828?via%3Dihub

Prompt open-charm production

Measurement of the differential cross-section of prompt open-charm production on
29 nb™ of pp collisions at Vs =13 TeV in 2016

Charm physics @ LHC: production cross section 10 times greater than e*e” machines ¢
complex initial state (PU) and high background <
¢ produced with boost in LHCb (asymmetric collisions)
CMS unfavoured being a “central” detector

First result on charm production from CMS in pp collisions

Kinematic range: 4 GeV < p_(D) <100 GeV && In(D)l < 21

ZeroBi i h inclusi 0
eroBias trigger (the most inclusive one) [D S0 J
0 plpmrs
Interest in prompt production of D mesons DoK=
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CMS

D mesons: reconstruction

Requirements:

“high quality” tracks (no hadronic PID in CMS)

- tracks: p;> 0.5 GeV (0.3 GeV for )

- 2 (3) charged tracks combined to form D° (D) candidate
- parallel direction of the meson wrt PV-SV distance vector
- Cut on decay length significance (specific to each meson) \

beam spot

Reconstructed mass distributions:
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- 29 nb™ (13 TeV) 29 nb (13 TeV) 29 nb™ (13 TeV)
> [ CMS + Data © :Ccms ' Ppaa 3 Fcms ¢+ Daa
<§r = Preliminay —  Fit E 600 Preliminary - Combinatorial Background = = Preliminary —  Fit
o 150 0 Combinatorial Background o Eo mE K n swapped :;- 4005_ ------- Combinatorial Background
2 £ E16<p, <24GeV, | <2.1 g
o F O 400F ] 3003
w100 (i} E L 5
= g 200
cof 16 < p_ <24 GeV, In| < 2.1 200k :
= E 100F I Y
£ : S16 < p_ < 24 GeV, n| < 2.1 g
& loopedensod Thiratgio s byt bt oot typeootutd oY o Y B s i Eies o106 6 pvu g0 pvs 16 959 6 906 ¢4 pyg g
iz 0.145 0.15 0.155 0.16 1.8 1.85 1.9 1.95 s 1.85 1.9 1.95
AM [GeV] M(Kn) [GeV] M(Knx) [GeV]

AM = m(Krr ) - m(Krm)




CMS

D mesons: signal yield determination

T

29 nb ™ (13 TeV)

Signal: sum of two gaussians with common mean = cMs 1 paa
. . = i x - : s
Combinatorial background: = E T e pombleely) Seckaround
(D°/D*) 3 degree polynomial g <P <24 eV <2
>
L

(D™) phenomenological threshold function
K-t swapped background (D° only): 200
Gaussian shape from simulation
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Non prompt-contamination from charmed mesons coming from B mesons
Bin-by-bin subtraction from the “visible” yield
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Systematic uncertainties in backup 5




D mesons: differential cross sections

do(pp — DX) N;(D — f)
Differential cross sections dpt B AprB(D — f)Le;1(D — f)’
in p; and pseudorapidity do(pp — DX) N,(D = f)

d|n| - AyB(D — FLegi(D— f)’

Agreement with predictions from PYTHIA and FONLL (fixed-order next-to-leading logarithm)

- 29 nb” (13 TeV) - 29 nb” (13 TeV) - 29 nb” (13 TeV)
o gM? ' * gM? ' * B¥THiAS Tunea 0 ,(:::M,S ' * B¥THiAS Tunea?
1 PYTHIA8 TuneA2 une. 1 une.
o’ g Preliminary . AL L 1* - reliminary .. PYTHIA8 TuneMonash 0" g Freliminary -** PYTHIA8 TuneMonash
“** PYTHIAG TuneZ2 “** PYTHIAG TuneZ2

....... “* PYTHIA6 TuneZ2
. == Powhe

g
PYTHIA8 TuneCUETP8M1
FONLL

D*

- Powheg

- Powhe .
PYTHIA8 TuneCUETP8M1
"~ FONLL

g
PYTHIA8 TuneCUETP8M1
ONLL

T
<
T
T
<

do(pp—sD X)/dp_ [ub/GeV]

do(pp—D°X)/dp_. [ub/GeV]
2

do(pp—D*X)/dp_ [ub/GeV]

(i = 4
g R = =
© 3 . S © 3
B B e E o) o E
E‘ E p— et ] a e =
o 5 ] o Q =
0] 1 5 0] 0} E
£ CEEEE e e = < = E
[ . = = 3
0 L u i E
10 10% 10 102
p:lGeY] p, [GeV]

Differential cross section in rapidity bins in backup 6



State of the art of open-charm production

e Inthe next slides a comparison with other results on open-charm
production cross section from the LHC experiments is shown

e FONLL predictions are used to compare CMS measurements with previous
results already published within LHC

e CMS measurements show a good agreement with previous results,
considering the evolution in the center of mass energy scale and the
kinematic dependences as described by the theory predictions




do(pp—>D X)/dp_ [1b/GeV]

CMS

Comparison with measurements at 7 TeV

CMS vs ATLAS: same kinematic range, different v/s:  scaling with c.m. energy
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CMS vs ALICE: different kinematic range
factor 2 from c.c. states not included by ALICE
CMS data shown for p.. <24 GeV
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CMS

Comparison with measurements at 5.02 TeV{

p-p vs Pb-Pb @ CMS:

- different kinematic range and binning
- good agreement between theory and data
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Comparison with measurements at 13 TeV

CMS vs LHCb:

- complementary acceptance
- only the first rapidity bin is shown for LHCb
- CMS data are reported only for p_ <16 GeV
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CMS

B_(2S) mesons production

* Observation of B (2S)" and B _*(2S)" states [1] Phys. Rev. Lett. 122 (2019) 132001
with pp collisions at Vs =13 TeV
with 143 b (full Run 2) [1]

NEW Measurement of relative cross sections:
Differential cross sections in p_ and rapidity bins

Kinematical range: pT(BC+) >15 GeV and lyl<2.4

R**: relative cross section of B_*(2S)" to B_"
R": relative cross section of B (2S)"to B '
R**/R": relative cross section of B_*(2S)" to B (2S)"

+ — U(Bc(25)+) ot + ot ) — N(Bc(23)+) G(Bg-)
R —————U(B‘*’) B(B.(2S)" - Bin ™) = N(B) e(Bc(25)+)’
i TS e s o N(BSEST) . e(BE)
R*™ = (B+) —————22B(B(2S)" =+ B n"nT) = N(BT) e(Bg(ZS)+)'
o(B:(2S)") B(B:(2S)" —» Brfmtm~) _ N(B:(25)") e(Bc(2S)")

R*+/R+ = ) = .
o(B.(2S)") B(B.(2S)" = Bfmtm~)  N(B.(25)") e(Bz(2S)")

B_*(2S) » B_"miT followed by B * = B_+y,__ (= 55MeV: missing energy not detected)
The B_* meson is assumed to decay to the B_ground state and a soft photon with a BF of 100% _,


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.132001

B_(2S) and B_*(25) signal yields

B_" » J/Ym* candidates fit 2000F Mo D
f | Badin
s PO By xt X

N(B) = 7629 +/- 225 events 3 L comn ks
B_(2S) candidates: §

- B_" + two OS tracks

-m(J/Ym) in [6.2, 6.355] GeV R T
Signal: two gaussians CMs 143 b (13 TeV)
Background: igza;un

Combinatorial: Chebychev-3 polynomial Mooy

Gaussian for each B_ = J/YK contribution B (2S)
N(B_"(25)) = 67 +/- 10 evts {
N(B_(2S)) =52 +/- 9 evts
AM = 28.9 +/- 1.5 MeV 6.7 M@ ey Ms(-;zh m;"(’Gev) i
Yields enter the ratios once R* =(3.47 = 0.63 (stat) = 0.33 (syst) )%,
corrected by relative efficiencies R*" = (4.69 £ 0.71 (stat) = 0.56 (syst))%

Details on event reconstruction R*L /R+ =1.35+0.32 (stat) +0.09 (syst). 12

and sistematic uncertainties in backug



Differential cross section and 1T mass distribution

=)
INFN

...............

No significative dependence of the cross section on p_(B ) or n(B ) observed
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Invariant mass of di-pion system
Different models [2] [3] bring to
different predictions on the

production ratios and di-pion system

CMS

143 fb* (13 Te
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e g ey

No significant difference from phase space

observed at this level of statistics and uncertainties

[2] [Berezhnoy, A. V. et al. Mod. Phys. Lett. A34 (2019) 1950331]

[3] [E_Eichten, C. Quigg. PRD 99 (2019) 054025]

Normalized mass distribution

CMS

143 fb* (13 TeV)
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https://arxiv.org/abs/1904.06732
https://arxiv.org/abs/1904.06732

CMS

Measurement of Y(1S) pair production

Measurement of fiducial cross-section for Y(1S) pair production and search for
resonances decaying to Y(1S)up in pp collisions at s = 13 TeV with 35.9 fb™
(2016 data)

Fiducial region: ly(Y(1S)) < 2.0
Final state: four muons

- Quarkonium pair production is an important probe
for perturbative and non-perturbative processes in QCD

- Insight into particle production at LHC:
single-parton scattering (SPS): dominant » strongly correlated = small |Ay|
double-parton scattering (DPS): difficult to calculate = less correlated = large |Ayl

- Potential ground for discovery of tetraquark bound state See Di Florio’s
or generic resonance with mass close to twice the Y(1S) mass™ | talk tomorrow
Spectroscopy #1
NC()I’I‘
Fiducial cross section: 0Of4 = B2 B(Y(1S) — pp) = (2.48 +0.05)%

N = # of Y(1S)Y(1S) events corrected by efficiency

14



) eMmS

Y(1S)Y(1S): event selection and yield

e
Requirements: 35.9 fb! (13 TeV)
.. . . %1400 CMS' + Observed — Total

- HLT level: OS pu pair in Y mass window + third muon O 1200 W Y0S) ¢ ¥0S) - YU1S) + comb.
- 4 muons in final state paired in Y states = e Comb £ b
- p; thresholds for barrel/endcap after pairs are formed £

()
- veto on J/Y =» pp o

5

O

Events corrected by efficiency and acceptance . R
9 9.5 10 10.5 11

m,, (GeV)
2D UML simultaneous fit on two pp invariant masses: 35.9 fb (13 TeV)
>>1400F" ' 4 Observed — Total B
81200 CMS . Y0S) £ Y0S) - YUS)+ comb.
Signal: sum of two CB with same mean 0 s I L
o 1000

(shape from simulation in backup)
Background: Y(2S), Y(3S): gaussian
combinatorial: 2" order Chebychev

Corr. events /

Og = 79 £ 11 (stat) = 6 (syst) = 3 (B) pb,

Result assuming Y(1S) unpolarised
Consistent with CMS measurement at 8 TeV [JHEP 05 (2017) 013]

15

Details on event weiﬁhtinﬁ and szstematic uncertainties in backug


https://arxiv.org/abs/1610.07095

Measurement of DPS-to-inclusive fraction

Bottomonia from DPS are less correlated than SPS:
in DPS larger |Ay(Y(1S), Y(1S))I

DPS: PYTHIA
Shapes from SPS and DPS separately extracted from MC SPS: HELAC-Onia +
DPS NLO*CSM predictions

f ps €stimated from fit on fiducial cross section in IAy(Y(1S), Y(1S))l and

m(Y(15)¥(1S)) bins Fops — (39 £ 14)% wusing |Ay(Y(15), T(1S))|
PPS = (27 + 22)% USING My (15)7(15)
I 35'9'f'b‘ (13TeV) - 35 9fb (13 TeV)
2 sof c|v|s { Observed - SPS 1 =
£ sk o ™5PS —SPS+DPS 5
& 30;—.....] ...... fps = 0.39 + 0.14 - &
- :
S
(i it e ! 5 2025 30 35

lAy (Y(1S), Y(1S))| My as)vas) (GeV) 16




Conclusions

LHC provides high luminosity: heavy flavour production cross section

several order of magnitudes greater than e-e colliders

CMS exploits its 41t coverage and high resolution to perform challenging

measurements in Heavy Flavour physics

The presented recent CMS measurements concern from charmed mesons to
double bottomonia production and they are generally in good agreement

with previous LHC results (when available)

Recent results from the CMS proved that the experiment is suitable for
challenging measurements in Heavy Flavour physics, so further

investigation on Quantum Chromo-dynamics will be possible

17
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D mesons: event selection

Variables Pt D D+

PV selection: largest ¥~ p3 largest ¥~ p% largest Y~ p%
Tracks: p;™" [GeV | 0.5 (0.3 for the 7,) 0.8 0.7
Tracks: reduced x> < 2.5 (3 for the 7,) <25 <25
Tracks: N Tracker Hits > 5 (> 2for the i) >5 2.5
Tracks: N Pixel Hits > 2 (none for the ,) >:2 Sh2
Tracks: IP,, [em ] < 0.1 (sig. < 3 for ) < 0.1 =2 i
Tracks: IP. [cm | < 1 (sig. < 3 for m,) | <1
|IM_ s — MPPC| [GeV ] < 0.023 < 0.10 < 0.10
SV fit CL > 1% > 1% > 1%
Pointing, cos® > 0.99 > 0.99 > 0.99

L significance: >3 9 > 10
Arbitration min AM min [IM(K7) - MPPS(D%)|  min [M(K7rr) - MPPS(D )|

20




D mesons: D* threshold function and
systematic uncertainties

Phenomenological threshold function for D* background:

- M, endpoint = pion mass
- Py P, Py:parameters

oy _A.\-:]MD AM P1+ AM 1
f=|1-e M, P2 M,

Systematic uncertainties
Relative uncertainties (%)

D* DY Dt
Signal efficiency calculation 03 03 3.5
Secondary decay contamination 29 0.8 14
PU reweighting B 10 2.0
Branching fraction 1.1 08 1.7
Tracking efficiency 94 42 6.1
Signal modeling 36 b0 42
Background modeling 12 48 8.0
Luminosity 25 25 25
Time-dependent inefficiencies 14 14 14
Total 11.0 87 12.2

21
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do(pp—sD X)/dp. [ub/GeV]

Theory/Data

do(pp—D X)/dn| [ub]

Theory/Data

D mesons: differential cross section
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B_(25): hyperfine structure

B_*(2S) » B_*m" m followed by B* + B_Yy,__

Soft photon (55 MeV in the rest frame) not ;‘r’,ie"g‘:fdnﬁc’;:};ot"; ;%g::n oo
detected, we end up seeing i

B.*(2S) » B_ ' 1 plus “missing energy” 25 %———35 MeV

Same final state as B_(2S) » B_1r* 1 o TR i ¥

A two-peak structure in the Bc 1" 1 mass

distribution is expected,

with the B_(2S)* peak at a mass shifted by whr
AM = [M(B_") - M(B )] - [M(B_*(2S)) - M(B_(2S)]

which is predicted to be around 20 MeV.

The solid and dashed lines
indicate the emission of

The two-peak can be appreciated only if AM
/7" photons and pion pairs, respectively

value is larger than experimental resolution! B |

pu—

wn
o2 o
é

&

5

<

Predictions indicate:

[M(B_*(1S)) - M(B.(1S))] > [M(B_*(2S)) - M(B(2S)]
that would imply that the

B_"(2S) peak is the lower peak!
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CMS

B_(25): event selection

HLT Requirements (DoubleMu4_JpsiTrk_displaced):

- OS muon pairin[2.9, 3.3] GeV

- dimuon vertex x? probability > 10%
- distance of closest approach between muons < 0.5 cm
- significance(flight distance) > 3

- pLH) >4 GeV && In(u)l < 2.5 e |
- cos(dimuon_transverse_pointing_angle) > 0.9 (%)

- third track (from pp-vtx, p; > 1.2 GeV, n <2.5,sip > 2) p p
B.(2S) —» B m* ™

Offline requirements:

- Muons matching trigger muons

- High quality muons

- In(n)l < 2.4 and cos(dimuon_transverse_pointing_angle) > 0.98 (%)
- muons close in angular space: (An)? + (Ad)? < 1.22

Integrated Luminosity per year: 2.8, 361, 42.1, 61.6 1/fb

(*) cosine of the angle formed by the flight direction and the momentum in the transverse plane
24



BC reconstruction

B_candidates fit

Signal: weighted sum of two gaussians with same mean | wG(u,o;) + (1 — w)G(u, o),
w = 0.47 o, = 21 MeV o, =42 MeV

Background:
- Combinatorial: Chebychev polynomial
- J/JWK: shape from simulation
- J/prT + X: ARGUS function

- cMs © § Data
2000 [ L=143 ! : ¢ — Fitresult
_ [ {s=13TeV @ B » Jjy 2 signal
+/- :

N(B ) = 7629 +/- 225 events : W B K
%1500_ : Bz 2> |y x +X
= B . I Comb. backg.
Ve - .

e X
01000}

: o i‘_‘;..—‘;-.
5 2
>

w

6.2 6.3 6.4 6.5
M()hy %) (GeV)
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B_(2S) cross section ratios

Reconstruction efficiencies (MC studies):
tatistical: finite si foi lated ¢ Central Stat. Spread Pions
- statistical: finite size of simulated events 3757 /87 019 11% 18%  42%
- dispersion: average over four years e(Bz(2S)")/e(BY) 0187 1.0% 16% 42%
. . . . * iz 3 0, 0 _
- pions: T reconstruction efficiency €(B:(25)")/e(B.(25)") 0955 14% 09%

H H H + *+ *+ +
Systematic uncertainties: R+ R*+ R*+/R

J/¢p ™ fit model 55 55 —
- from signal yield B 7t 7~ fit model 59 29 29
. . . Efficiencies: statistical uncertainty 1.1 1.0 14
(evaluated with different fit models) Efficiencies: spread among years 1.8 1.6 0.9
- from efficiency Efficiencies: pion tracking 42 42 -
. . L . . Decay kinematics 15 69 42
- from correlations in di-pion kinematics Helicity angle 10 60 35
Total 95 120 6.4

Results:

R* =(3.47 £ 0.63 (stat) == 0.33 (syst) )%,
R*" =(4.69 +0.71 (stat) = 0.56 (syst)) %,
R*"/R™ =1.35 4 0.32 (stat) = 0.09 (syst).
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CMS

Y(1S)Y(1S) production: event selection

HLT requirements:
- three muons
- two muons with mass in [8.5, 11.4] GeV
- dimuon vertex x2 probability > 0.5%

Offline requirements:
- p4() > 2 GeV and In(w)l < 2.4
- Best vertex-x2 for arbitration of best muon combination (98% eff on MC)
- Three (of four) muons must be associated with trigger muons
- MK mass closest to Y(1S) world-average for arbitration
- New p_ threshold for muons: p_(n) > 2.5 GeV
- prob(x2, 41) > 5% and prob(x?, Y(1S)) > 0.5%
- muons separated with AR > 0.02
- on OS mixed-pairs: veto on J/Y mass
(window of 2¢, resolution depends on kinematics in [0.03, 0.12] GeV)

Extra requirements (Y(1S) pair only):

- ly(up)l < 2.0
- p,(1) > 3.5 GeV for central muons, In(p)l < 0.9

Extra requirements (resonance search only):

- mass of Y(1S) candidate within 20, resolution depends on kinematics in [0.06, 0.15] GeV >7



Y(1S)Y(1S): shape of Y(1S) signal

Process Uncorrected yield
Y(1S) + Y(1S) 111 +16
Y(2S) + Y(2S) 3.6 134
Y(3S) + Y(38) 1143
Y(1S) + combinatorial 166 £ 33
Y(2S) + combinatorial 25+ 18
Y(3S) + combinatorial 1135
Y(2S) + Y(1S) 19410
Y(3S) + Y(1S) 17+ 11

Combinatorial + combinatorial 561 + 41

28




CMS

Y(1S)Y(1S): yields

Event-by-event weight:
w = [A1A2€{ecoegeco(l — (1 = G}tx)(l = eE'tX))ee\.-t] —-1,

- A: acceptance for Y(1S) to pp in fiducial region

- €% probability that a Y(1S) to pp with ly(Y(1S))l < 2.0 and In(u)! < 2.4 is selected

- €™ probability that a selected Y(1S) has prob(x?, Y(1S)) > 0.5%

- €°¥ probability that a selected event has prob(x?, 4u) > 5% and cross-paired
muons have invariant mass out of [m(J/Y) - 20, m(J/Y) + 20]

Shape of Y(1S) signal from simulation: > 9000F T 13 TeV
35000 CMS t  Y(1S)Y(1S) simulation
- Sum of two Crystal Ball S 7000 >N —— I
th ;6000
with same mean £ 00
- Different resolutions for = 4000
barrel/end-cap muons g
2000:
1000f-
L T v

9.6 9.8
m,, (GeV)
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Y(1S)Y(1S): effect of the polarization

Y(1S) pair polarization assumed to be negligible in acceptance and efficiency
corrections

Previous measurements from CMS [A] and LHCb [B] show no polarization in
single Y(1S) production

Polarization affects the angular distribution of the Y(1S) » yu decay products:
d’N 1
dcosfdp 3+ Ay
- (8, ) direction of u*
A

- Ay " Aecp: angular distribution parameters

(14 Aycos? 0+ Ap sin? 6 cos 2¢ + Agysin26cos ),

Effect of polarization on fiducial cross section:

A5 ~10 -05 -03 -01 401 403 +05 +1.0
Adsg —60% —22% —12% —37% +34% +94% +14% +25%

[A] [CMS Collaboration, arXiv:1209.2922] o
[B] [LHCb Collaboration, arXiv:1709.01301]
e —



https://arxiv.org/abs/1209.2922
https://arxiv.org/abs/1709.01301

Y(1S)Y(1S): systematic uncertainties

Uncertainty source Uncertainty (%) Impact on oy (pb)
Integrated luminosity 25 2.0
Muon identification 2.0 1.6
Trigger 6.0 4.7
Vertex probability 1.0 0.8
B(Y(1S) = utu™) 4.0 3.2
Signal and background models 12 1.0
Method closure 15 12

Total 8.1 6.4
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CMS

Search for resonance in Y(1S)up

New variable to improve resolution by 50% for signal events

?114” - "14!‘ - ”l}l}l + 'ny(ls},

Background sources: 22 T : 35.9 b (13 TeV)
- non resonant YY (from MC): | Soaf SMS ] || G e CMS e v
. . . EO.IZ:- 3 2 35 — — = Breit-Wigner + Chebychev (3) ‘
SlngId * exponentlal £ o DPS YaSIYULS) 1||le 3 Chebychev (6)
. . = F..sPsyasyyas) £ 1 (|5 =5 2
- combinatorial: o0 b 2 5 { e ot H
0.06f " Average R RIE: gtk St A
from control region: : e d [|YOBE | A Ty '
. 0.04f 10 i i yite
. 3 E q : { I I
4p-vtx X% in[10,103] | °F | 3 } L
O b I8 2 92 A 6 2 ™14 7716 18 20 22 24 26 28
M, (GeV) iy, (GeV)
CMS 35.9 fb™ (13 TeV)
o . LY o T T S PR (PR T e T PR
) ¢ Observed —— Total
040 - Combinatorial bkg - Tetraquark {m = 19 GeV)
Example signal for a tetraquark Py 2oF T YHSHEE)

(modeled as x,(1P)) of m =19 GeV
and significance 1o

14 16 18 20 22 24 26 28
m,, (GeV) 32




CMS

Largest excess at

m = 25.1 GeV

scalar hypothesis

2.40 of local significance

No excess of events
compatible with a signal
is observed

95% CL limit on oB (fb)

95% CL limit on oB (fb)

17.5 18

10°

bt
<

10

35.9 fb™* (13 TeV)

CMS
Tetraquark

—— Observed

—— Median expected 1
I 68% expected
] 95% expected

Bl ——

18.5 19 Tos
my (GeV)

35.9 fb1 (13 TeV)

-CMS
Pseudoscalar

~— Observed ]
—— Median expected
B 68% expected
[ 95% expected

my (GeV)

95% CL limit on oB (fb)

95% CL limit on oB (fb)

35.9 fb™* (13 TeV)
[ CMS —— Observed

—— Median expected
I 68% expected

| Scalar

[ ] 95% expected

10

- - o " L
20 25

my (GeV)
35.9 fb? (13 TeV)
CcMS ~—-— Observed
Spin-2 ~— Median expected
B 65% expected

[ 95% expected

10°F

my (GeV)
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