HEAVY-FLAVOR SPECTROSCOPY
IN ATLAS & CMS
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@ Spectroscopy of excited Bs and B¢
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@ Conclusions
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LHC Run 2: Big Success

BROWN

e 160 fb-1 has been delivered by the LHC in Run 2 (2015-2018),
at a c.o.m. of 13 TeV, exceeding the original integrated
luminosity projections

® Over 140 fb-1 of physics-quality data recorded by ATLAS/ CMS
e Thank you, LHC, for a spectacular run!
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Angular Analysis B—>K*pp

e Recent ATLAS measurement, aimed at P's and
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other angular coefficients

* Based on 2012 8 TeV data, 20 fb- \7@\& \
* Inspired by recent LHCb ~3.4¢ hint of M\\ \
a discrepancy in P's angular coefficient X T

* Possible connection to the b—>s£+£ flavor anomalies
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https://arxiv.org/abs/1512.04442
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e Four-dimensional fits in the m(K*pp), ¢, cosOk,

and cos©. variables
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https://arxiv.org/abs/1805.04000

Results vs. Theory

@ P's results are in agreement with other
experiments and theory in the g2 < 6 GeV2 range

* Deviation from the DHMV predictions is 2.70 in the
4 < q2 < 6 GeV?2 bln
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HL-LHC Projections

BROWN
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CP Violation in Bs — J/wd

© New analysis from ATLAS based on 2016+2017 13 TeV data (80.5 fb-1)
taken with a dimuon J/ trigger, combined with an earlier 7+8 TeV
result

* The trigger has been corrected for the time-time-dependence of the
efficiency for muons with large displacement

o Use opposite-side tagging (based on a combination of the lepton and
track-in-cone charge), calibrated with self-tagging B* = J/PpK* decays

* A tagging efficiency of € = 14.7% with an effective dilution of D = 33.4%
and tagging power €D2 = 1.7% has been achieved

X 3.2M Bs — J/P(U'p)P(K'K') candidates, 0.5M remains after tagging

e A maximum likelihood fit to data with 9 parameters, including ¢s, s,
Arls is performed

—0.076 + 0.034 (stat.) = 0.019 (syst.) rad -0.021 £0.031 (HFLAV) \y

0.068 + 0.004 (stat.) £ 0.003 (syst.) ps™ | 0.083 £0.006 (PDG) ]
0.669 + 0.001 (stat.) £ 0.001 (syst.) ps~' | 0.664 £0.004 (PDG) 2N

ATLAS-CONF-2019-009
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-009/

ATLAS CPV Results

BROWN
@ The new data are consistent with an earlier ATLAS result
@ The results are consistent within 2o with the HFLAV/PDG

world-average values for these parameters
* A significant improvement in the precision in I's is achieved

@ At 10 level the new result it is also consistent with the LHCb
and CMS measurements

ATLAS-CONF-2019-009
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Observation of B~ — J/1Aj and Searches for B~ — J/yX"p and B® — J/ipp Decays
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% © B = J/PAp is a rare baryonic decay of the B* meson, observed in

* More recently LHCb saw two pentaquark
candidates (P*¢) in the Av — J/P + X decays
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Belle, PRD 72 (2005) 051105 [t

Belle, PRD 72 (2005) 051105
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2005 by Belle with a handful (17.2 + 4.1) of events:
* B(B" = J/PAp) = (11.6 + 2.8"1853) x 106
o Attempted to study the three two-body masses, but the results
were inconclusive because of a low signal yield

o Historically, rich potential way of looking for new resonances:
the X, Y particles were discovered in the B = J/p + X decays
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https://arxiv.org/abs/hep-ex/0508011
https://arxiv.org/abs/hep-ex/0508011

CMS
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© The analysis is based on 8 TeV 2012 data, 19.6 fb-1

e Use B — J/

VK* = J/PK°.mt as the normalization

channel, which has a similar efficiency
* Measured branching fraction is:

(15.07 = 0.81 (stat) = 0.40 (syst) = 0.86 (Br)) x 10-6

* Most precise to date & consistent with Belle

e Large signal yield allowed to study the two-body

masses in more detail than Belle
* Phase-space fit fails pretty badly in all three
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two-body mass distributions
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https://cds.cern.ch/record/2668754?ln=en

Method of Moments

o Before assuming new resonances, must exclude non-exotic scenarios

© Use model-independent method of moments, invented by BaBar
[PRD 79 (2009) 112001] and further refined by LHCb [PRD 92 (2015) 112009;
PRL 117 (2016) 082002]

o Attempt to take into account the potential reflection from several K*
resonances, which can decay in Ap

* In each M(Ap) bin, fit the angular distribution with a sum of Legendre
polynomials in cos of the K*(Ap) decay helicity angle, defined as the angle

between the A and B in the Ap rest frame: N Imax

—— = Y (PY) Pi(cos Ok
Teost ~ 1 (FlP(c0s )
* For £max equal to twice the spin of the highest-spin resonance, can describe all

the resonances and their interference
* Use €max = 2 x 4 = 8 and weight the distributions with the (P;Y) moments

Ap rest frame

Resonance | Mass, [MeV] | Width, [MeV] | J .
K, *(2045) | 204549 198430 | 4"

K5 *(2250) 2247+17 18030 2"
K5 *(2320) 2324+24 15030 3"
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https://arxiv.org/abs/0811.0564
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.92.112009
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.117.082002
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@ This model-independent approach is more

powerful than simply reweighting the cos(6k-) =™}
distribution according to the observed one in £
rac ny
e Drastically improves the agreement w/ the ., ¢, |
phase space decay model Y

o Compatibility with data is now within ~2.30,
CMS PAS BPH-18-005

eliminating the need for new resonances!
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https://cds.cern.ch/record/2668754?ln=en

S Experiment at the LHC, CERN
a recorded: 2018-May-06 20:12:48.117508 GMT
\/ Event / LS: 315790 / 219250777 / 309

Heavy B Meson
Spectroscopy
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e Only a few excited Bs states have been observed so far:
B’s(5416), Bs1(5830), B's2(5840), possibly X(5568); theory
predictions are not exact elther very rich field for exploration
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https://arxiv.org/abs/1607.02169

GRS

..l otudy of Excited B;s States

BROWN
“Je CMS analysis based on 2012 data @ 8 TeV studying p-wave

excitations, in particular Bs1 (js = 3/2, JF = 1%) and B*s2 (js = 3/2,
J” = 2") [observed by CDF, DO, and later LHCb]

X First observation of B*s2 = BKs? with 6.30 significance;
a 3.90 evidence for Bsi = B*0Ks0 is also seen

* The following branching fraction ratios were measured:

CMS EPJC 78 (2018) 939
RY* = = 0.432 + 0.077 + 0.075 4+ 0.021,

B(B;, — B°K?)
B (B’Sk2 — BTK~) CMS 19.6 fb™! (8 TeV)

B(Bs; — B*K?) ) Ao m
R = > 32 = (0.49 £ 0.12 +£0.07 £ 0.02, 60 __Si
L B(Bs; — B*+K~) ----(SJgr?lil.sbkg.

B(B:, — B*tK") o Kmewap
RE = 52 — 0.081 = 0.021 & 0.01
> = BB, 5 BK) 0.081 + 0.0 0.015,

Candidates / 2 MeV
5 3
TTT IIIIIIII

B(B, — B*KY :
RY, = B2 2B K) 095+ 0,086+ 0.014. 20}
B(Bf, — BKY) -

P R
5.88 5.9
mBng [GeV]

* Also measured mass differences: Ve T

_ Wiy blyr = 0.7/ =2 U == UL == BB IMIEY, M(B%,) = 5839.86 = 0.09 = 0.07 £ 0.15 MeV,
10 First meas. — Mpyo — Mper = 0.91+0.24+0.09 +0.02MeV.  p1(Br) — 582878 + 0,09 - 0.06 = 028 MeV.
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https://arxiv.org/abs/1809.03578

BROWN
© The B¢ spectroscopy is even less studied

e The only observed excited state so far was B¢(2S) at the
mass of 6842 MeV

* Seen by ATLAS at 5.2c; not confirmed by LHCb in 8 TeV data

Gredq Landsbera - Heavyv-Flavor Spectroscopv in ATLAS & CMS

40
35
30
25

Events / 20 MeV

20 F
15
10F

Excited B. Mesons

Bl ATLAS, PRL 113 (2014) 212004 =

- ATLAS Q, =288+5MeV -
Op o= 18+4MeV 1

- JLdt =19.2fb"
- Vs =8TeV
:— ® Data

- m Wrong-charge
combinations

0 100 200 300 400 500 600

m(BCnn)-m(Bc)-Zm(n) [MeV]

Candidates / (28 MeV/c?)

LHCb, JHEP 01 (2018) 138

-
Vs=8 TeV

n
vy

6600 6800 7000 7200
M(B!ra*m~) [MeV/c?]

© Enter CMS: the first LHC paper based on the entire
13 TeV Run 2 data (2015-2018), 143 fb-1


https://arxiv.org/abs/1407.1032
https://arxiv.org/abs/1712.04094

B:(2S) Spectrum and Transitions

e Focus on the s-wave excitations: B¢(2S) and B*¢(2S)
* Expect smaller mass splitting than for B: and B*;
* Main decay modes: B(2S) - Bcm+m-,
B'c(2S) — B'crttmt- = Beyrmtmt,
with a lost soft photon 2S ‘
' B¥(29)

* Can observe both states via the
same experimental signature: Bttt || >p =
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https://arxiv.org/abs/hep-ph/0406228

Observation of Resolved B. States

BROWN
e Full Run 2 data set analysis, using the Bc.—J/{(up)rt decay .

channel \ % u
* Relatively high-pr (> 15 GeV) B. candidates: ~7600 events /7 |

* Well-separated B¢(2S) and B*(2S) peaks, both
observed and resolved at >50 level A )

* AMexp =29.1 1.5+ 0.7 MeV B (28)" - B m'm

* M(B.*(2S)) = 6871.0 = 1.2 (stat) + 0.8 (syst) = 0.8 (B.*) MeV
CMS, arXiv:1902.00571, to appear in PRL (also Editor's Suggestion)
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Hot off the Press

© Now LHCDb has also confirmed the two peaks!
http://lhcb-public.web.cern.ch/lhcb-public/
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% e Heavy-flavor spectroscopy continues to be very
rich, both experimentally and theoretically

® Large LHC data sets collected in Run 2 by ATLAS
and CMS allowed for the observation of new
states and for precision studies of the properties
of the already established decays

e Some of these studies may have direct impact on
the possible claim of flavor anomalies seen in the
b — s8*2 transitions

e Just started tapping into the full Run 2 potential -
stay tuned for many more new results based on
this unprecedented data set!

Greq Landsbera - Heavy-Flavor Spectroscopv in ATLAS &
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