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H + Recent B Physics Results From CMS
+ Observation of Triple J/ Production
+ Exotic States

+ Rare B%/Bs Decays
d  *Bs— pp
+ Connection to Flavour Anomalies
1+ Fragmentation Fraction Story
i+ Isospin Invariance Tests
14+ Premium: Run 2 LHC high-pt Excesses
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Observation of Triple J/y Production

BROWN
= ¢+ Recent result [arXiv:2111.05370], accepted by Nature Phys

+ Dominated by DPS (~80%)
and TPS (~20%); SPS DPS:
contribution is small

® First time TPS is directly accessed experlmentally
+ Observed 6 events in the J/P(up) mode, with the background of
1.0+1-4.0.8 events
® Shape analysis results is a 6.80 observation

® Measured cross section:
oqq(pp = Jiyllylly + X) = 272“3}1 (stat) =17 (syst) tb

CMms 133 b7 (13 Te V 10CMS 133 b (13 Te V 1OCMS 133 b (13 Te! V

""""""""" Fiducial phase space:
pr > 3.5GeV for ] < 1.2
pr>25GeViorl2 < |y <24
pr > 6GeV and |y| < 2.4
29 < M+, < 3.3GeV

0 Data
— Total fit 3
N\ Uy JAp Iy signal 3

For all muons

Events / 50 MeV
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For all J/1 mesons
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http://arxiv.org/pdf/2111.05370

Effective DPS Cross Section

BROWN
& + Definition of effective nPS cross section is given by:

pp—=P1+X _pp—=ip+X PP +X _pp—r+X _pp—ip3+X
pp— Yo +X _ (MY Ugpg Usps PP P2 tX (T Usps T3ps Usps
2 Ueff, DPS : off, TPS

+ Using fiducial cross section and s = (082£01) caiors gg
calculated in [arXiv:1612.05582] yields “pes = 27215 exp) i (theo) mb,
In line with double-quarkonium measurements

Greg Landsberg - Recent B Physics Results in CMS (and Beyon
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— CMS, Vs=13 TeV, Jay+Jiy+Jhy  This work

—— CMS*, Vs=7 TeV, Jiy+Jhy Ref.
—— ATLAS, Vs=8 TeV, Jiy+JAy Ref. 2*
—— DO, Vs=1.96 TeV, JAy+JAy Ref. 22
<« DO*, Vs=1.96 TeV, Jiy+Y Ref. %
—— ATLAS*, Vs=7 TeV, W+J/y Ref. *
—— ATLAS*, s=8 TeV, Z+J/y Ref.
} > ATLAS", \s=8 TeV, Z+b—>Jly  Ref.”
—— DO, Vs=1.96 TeV, y+b/c+2-jet Ref.
- DO, Vs=1.96 TeV, y+3-jet Ref.
—_— DO, Ys=1.96 TeV, 2-y+2-jet Ref. %
—— DO, E:‘I .96 TeV, 'Y+3'jet Ref. o
— CDF, Vs=1.8 TeV, y+3-jet Ref.
—_— UA2, Vs=640 GeV, 4-jet Ref. *'
—_— CDF, {s=1.8 TeV, 4-jet Ref. 2
—_—— ATLAS, {s=7 TeV, 4-jet Ref. *®
- CMS, Vs=7 TeV, 4-jet Ref. 2*
—_ CMS, Vs=13 TeV, 4-jet Ref. '°
—_— CMS, s=7 TeV, W+2-jet Ref. '
—_— ATLAS, Vs=7 TeV, W+2-jet Ref.
—— CMS, Vs=13 TeV, WW Ref. ®
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https://arxiv.org/pdf/1612.05582.pdf

[an] [
Double J/@ Puzzles
BROWN
+ Recent preliminary CMS result confirmed a near-threshold structure in the J/PJ/{p mass
spectrum near 6.9 GeV observed earlier by LHCb [Sci. Bull. 65 (2020) 1983], but also
observed a 6.55 GeV structure and an evidence for a 7.3 GeV structure
® Some of these structures could be a result of an interference with the backgrounds - fits with

the LHCDb interference models are not very good, but we are working on a more detailed
interference study for the publication

® ATLAS also reported two excesses consistent with the two lower mass CMS structures
+ The X(6900) is a good candidate for a charm tetraquark; the nature of other peaks
remains a puzzle; they may be radial excitations (1 3P+, 2 3P+, 3 3P+1) of the charm

tetraquark
CMS _Preliminary

135 fb” (13 TeV
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https://cds.cern.ch/record/2815336

Observation of Rare B0y (2S)K%sm*nm- and

& I
[m]) [
mj

BROWN

B0 (2S)K0s decays

=1 ¢ New CMS analysis based on 2017-2018 data, using the K0s — i+~ decay
mode with a large displacement of the i+t~ vertex, inspired by searches for
exotic states in B meson decays [arXiv:2201.09131, EPJC 82 (2022) 499]

_ BB p(29)KY) _ B
Ry = B(BY = zp(ZS)Kg) = (3.33 £0.69 (stat) £ 0.11 (syst) £ 0.34 (f/ fq)) x 10

_ BB — ¢p(2S)Kt )
T T B(BY — (25)KY)

B(BY — 1 (2S)K2) = (0.97 £ 0.20 (stat) & 0.03 (syst) = 0.22 (f,/ f4) £ 0.08 (B)) x 1072,
B(B® — (25)Kn "7 ™) = (13.9 £ 0.4 (stat) - 0.9 (syst) = 1.2 (B)) x 107,

+ No peaking structures in the 2- and 3-body {(2S)h1(h2) spectra observed

R = 0.480 == 0.013 (stat) & 0.032 (syst)

Greg Landsberg - Recent B Physics Results in CMS (and Beyond
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https://arxiv.org/pdf/2201.09131.pdf

BROWN
+ Recently, a number of lepton flavor
anomalies have been observed in various
semileptonic channels, largely driven by
the LHCb experiment:
® ~30 tension in R(D/D*), the ratio of
ABb — ctv)/AB(b — clv) [tree-level
process]
® ~20 tension in R(J/Y), the ratio of
ABb — ctv)/AB(b — clv) [tree-level
process]

® ~20 deficit in various b = sp+y-
transitions, compared to theory
predictions, both in inclusive and
differential measurements
[loop-level process]

® ~30 tension in R(K), R(K*), the ratio of
ABb — sptp)/ABb — sere)
[loop-level process]
+ Arguably the strongest hints of new
physics to date that survived a dozen of
years of the LHC program
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Lepton Flavor Anomalies
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https://hflav-eos.web.cern.ch/hflav-eos/semi/spring21/r_dtaunu/rdrds_2021.pdf
https://www.nature.com/articles/s41567-021-01478-8.pdf
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+ Recently, a number of lepton flavor
anomalies have been observed in various
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Lepton Flavor Anomalies

semileptonic channels, largely driven by
the LHCb experiment:

®

~30 tension in R(D/D*), the ratio of
ABb — ctv)/AB(b — clv) [tree-level
process]

~20 tension in R(J/Y), the ratio of
ABb — ctv)/AB(b — clv) [tree-level
process]

~20 deficit in various b — sp+p-
transitions, compared to theory
predictions, both in inclusive and

differential measurements
[loop-level process]

~30 tension in R(K), R(K*), the ratio of
ABb — sutu)/ABb — sete)
[loop-level process]

+ Arguably the strongest hints of new

physics to date that survived a dozen of
years of the LHC program
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https://hflav-eos.web.cern.ch/hflav-eos/semi/spring21/r_dtaunu/rdrds_2021.pdf
https://www.nature.com/articles/s41567-021-01478-8.pdf
https://cerncourier.com/a/lhcb-tests-lepton-universality-in-new-channels/

.
CMS and Flavor Anomalies

BROWN

+ In CMS, a number of analyses probing these anomalies are
ongoing
® While no new results are available as of yet, expect the first new
results to become public later this year

+ These analyses use both the 2018 parked data (1019 unbiased b
hadron decays on tape) and standard dimuon triggers:
® R(K) - parked data
® R(D*) - parked data (leptonic T decays)
o RW/) = BB — JlytTv)/ BB — Jlwu™v,) - non-parked data
(both the muonic and hadronic T decays)
® B/Bs(up) - non-parked data, full Run 2 analysis

® Ps' and differential branching fractions in B — u+u~K" decays -
non-parked data, full Run 2 analysis

e Also have B* — it~ K* and BY — ¢ angular analyses in
progress using non-parked data, full Run 2 analyses
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B Meson Spectrometer

As the luminosity drops, turn on various single-muon
In|-restricted seeds, which allow to keep L1 rate
constant and increase HLT rate toward the end of

o
~13B events =

~10B b hadrons Mul2erlp5 Mul2 IP6 1585 0.92
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Tag B
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1 Probe B

Trigger strategy — L1
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constant and increase HLT rate toward the end of
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R(K) General Strategy

+ Low-pr electrons are very hard (spent three years
optimizing the reconstruction and selection - a lot
more challenging than we originally thought) - do not
expect competitive precision in R(K) with the 2018
parked data

® Rethought trigger strategy for Run 3

® Focusing on high precision in the muon channel, which
may shed light on whether muons are suppressed
compared to the SM predictions, which LHCb data
seem to indicate



P's: Experimental Situation

BROWN

=+ Experimental situation: all over the place

® The results are consistent among the experiments; inconsistency with the theory
is an open question (both experimentally and theoretically!)

+ In CMS, working on the 13 TeV analysis with significantly higher statistics
®© Will attempt to have flner blns and mcludmg the ones between J/P and P(2S)

L0 T T I T T T I

o 2—ATLAS (s =8 TeV, 20.3 b=
- -§- ATLAS CFFMPSV fit
1.9 ~#- LHCb theory DHMV
- — CMS theory JC
1 - Belle

o
o
|

Ps

2 4 6 8 10
DHMV: JHEP 12 (2014) 125 2 [GeV?]

JC: JHEP 05 (2013) 043, PRD 93 (2016) 014028
CFFMPSV: JHEP 06 (2016) 116
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https://link.springer.com/content/pdf/10.1007/JHEP12(2014)125.pdf
https://arxiv.org/abs/1212.2263
https://arxiv.org/abs/1412.3183
https://link.springer.com/content/pdf/10.1007/JHEP06(2016)116.pdf
https://arxiv.org/abs/1805.04000
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BROWN

g+ Run 3 and HL-LHC projections

® Up to x15 improvement w/ 3 ab-1 compared to the
8 TeV CMS result [PLB 781 (2018) 517]

® Should be possible to resolve the situation

experimentally already in Run 3
CMS PAS FTR-18-033

P's: HL-LHC Projections
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https://reader.elsevier.com/reader/sd/pii/S0370269318303149?token=AF6E0FCEADE8C3F905084598B386715F4BC4CBDFDE1FAD26B512BFD041D1A85F309C566C989064BAE1E86C3F50C76203
https://cds.cern.ch/record/2651298?ln=en

+ Recent result on a challenging charged B angular analysis, with

—_
O
C * . ]
] the K+" reconstruction via the KOsm+ decay w/ 8 TeV 2012 data
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. .. . «
m ® Good agreement with the SM predictions in muon Arg and K* F_
©
C
© CMS 20.0 fb" (8 TeV) CMS 20.0 fb" (8 TeV) CMS 20.0 fb' (8 TeV)
o
(%) 3 fi< 42 < 8.68 GeV? t Data 1 3 w0[000< 42 <12.86 GeV? 1 Data 1 3 o[ ia18< ¢ <19 GeV? + Data 1
s G gl —Totalfit | O b — Total fit [l — Total fit ng rest frame
S S r — Signal 1 & s — Signal S soL — Signal
o L e Background | o [ Background E o E ----- Background E
f= = ) 1 % 1 % b 1 CMS 20.0 b (8 TeV)
n 2 Qo [ Q r E 1 T ——
© r ®© r © r B ]
H 2~ 18 18 < ;
(99) c r c r c E C 1
()} © L ‘ T © [ =N ] [ jl ........ 0.5 - ]
m © 0 4.8 5 5.2 5. 5.6 5.8 © 0 4.8 5 5.2 5.4 5.6 5.8 o 0 4.8 5 5.2 5.4 5.6 5.8 - i. g
8 m(K(S]J'L’fu*pf) [GeV] m(K(S)J'c"p.*u') [GeV] m(Kgn"p.*p._) [GeV] r + ; ]
B O — —
‘Q, CMS 20.0 b (8 TeV) CMS 20.0 b (8 TeV) CMS 20.0 b (8 TeV) C ]
[Te} T T T B [Te} T T T B| [Te} N T T T
e N 40[1<¢2<8.68 GeV’ t Data aq 10.09 < ¢?< 12.86 GeV? t Data N 20[-14.18<¢2<19GeV® 1 Data r ]
o S 518 <m<5.38GeV — Total fit S 518 <m<5.38Gev — Totalfit o [518<m<538Gev — Totalfit -05- ® Data ]
om = 5 — Signal 1 I — Signal 1 < 50 — Signal C ]
- - Background 1 e Background | 3 c e Background L # SM -
5 I E - A
S E E 2 -
E 2
o 8 3 8 s ¢ [GeV?
R B ST T vy P ettty 0 e o o e e e e A _
9 0—1 -0.5 0 0.5 1 0—1 —0.5 0 0.5 1 0—1 -0.5 0 0.r5 1 CMS . ?O‘O‘fb ! (8 Tey)
o) cos 6 cos 6, cos O, T f ‘ ]
8 CMS 20.0 fb' (8 TeV) CMS 20.0 fb' (8 TeV) CMS 20.0 fb' (8 TeV) 08k 1
[Te) C T T T [Te} r T T T | [Te} r T T T ..
-g Al [ 1<¢2<8.68GeV? t Data N 20[-10.09 < 42<12.86 GeV® ! Data 4 o 20-1418<4?<19Gev® 1 Data i ]
© o P[518<m<538Gev —Totalfit 7 5 518<m<538Gev — Totalfit S [ 518<m<5.38Gev — Totalfi - .
| - 3 — Signal ] ~ 50 — Signal ~ 50 — Signal 0.6~ N
o 3 I Background 1 3 o e Background 1 3 e Background L i
o 5 5 5 045 .
O 2 2 B r *
5 5 5 : #Data |
o o o 02 ata -
i ¢$SM -
m O L | L L L L | L L L L | L L L
- 5 10 15
3 7 [GeV?]
7 CMS JHEP 04 (2021) 1 SM: QCDF + lattice



https://link.springer.com/content/pdf/10.1007/JHEP04(2021)124.pdf

BROWN

+ ATLAS, CMS, LHCb combination: ~2c0 tension w.r.t. the SM prediction - similar to other
b — spp decays

+ New LHCDb result based on full 9/fb data set reduces the tension to ~1o

+ Very recent CMS result based on 140/fb Run 2 data erased the discrepancy completely

ATLAS CMS LHCDb - Summer 2020
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https://cds.cern.ch/record/2727216/files/BPH-20-003-pas.pdf

BROWN
+ ATLAS, CMS, LHCb combination: ~2c0 tension w.r.t. the SM prediction - similar to other

)
08>,~ b — spp decays
=4 + New LHCD result based on full 9/fb data set reduces the tension to ~1o
an + Very recent CMS result based on 140/fb Run 2 data erased the discrepancy completely
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.041801
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+ ATLAS, CMS, LHCb combination: ~2c0 tension w.r.t. the SM prediction - similar to other
b — spp decays

+ New LHCDb result based on full 9/fb data set reduces the tension to ~1o

+ Very recent CMS result based on 140/fb Run 2 data erased the discrepancy completely
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B Bs(uu) Prospective
+ For the B(upu) discovery, need HL-LHGC; will also be
able to probe the lifetime with sufficient enough

precision to resolve the two Bs states
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4+ Connection to flavour anomalies
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https://link.springer.com/content/pdf/10.1140/epjc/s10052-021-09725-1.pdf
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BROWN

= ¢+ There is a connection between tests of flavour anomalies in
b — s/l transitions and the determination of fragmentation
fraction ratios (FFRs), which are relative probabilities of b
quark fragmentation into B9, B+, and Bs mesons

+ Experimental situation with the FFR determination is
somewhat messy and there are a number of fine points that
are often missed or ignored

+ |'ll talk about these caveats and the best ways to cleaning up
the situation using the existing LHC and future Belle Il data

+ Some of these observations are explicitly targeting the CMS
B physics program, particularly the new capabilities made
possible by the large set of 2018 b-parked data

+ The rest goes beyond CMS and targets more general issues
related to both the LHC and the B factories
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On the Normalization

BROWN

N 4+ At the moment, all three LHC collaborations use B+ = J/QpK+ as the
normalization channel [LHCb also uses B% — K+r1-, assuming fy = fq,
but the uncertainty is dominated by the former]

® This brings the fs/fu fragmentation function ratio (FFR) as the necessary
input to the branching fraction measurement

® The current LHCb best value is 0.254 + 0.008 [assuming fu = fq]
® |n the CMS case, we correct this

value for the pr variation [the LHCb PRD 104 (2021) 032005

latter is reported at ~8o by the 5%0-36 T | .

LHCb at 13 TeV, but not seen o B %DMX LHCb"_
032F —— Fit 1.7 b1 3

by ATLAS or internally in CMS]:

Greg Landsberg - Recent B Physics Results in CMS (and Beyond

03F 13 TeV 3

* fs/fu = 0.231 + 0.008 (30 lower) 098 _slope (-17.6 £ 2.1)x10-4 pTIGeV_

® This 3.5% uncertainty is the 0.26E CMS <pr> 3
dominant systematic uncertainty 0.242— I LEPi —

in the overall result: 022 iLHCb j;_]r_ 3

B ) = [3835 et il eys0 B/ R0] x 107 0.2 yroR
0 so it's important to reduce it! p. [GeV/c]
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<+ N.B. 0.008 is aggressive if the linear pr dependence is not confirmed!


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.032005
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The pt Dependence?

= * The jury is still out whether the linear slope suggested by LHCb holds

+ There is undoubtedly a strong pr dependence for the Ap fragmentation
fraction, but:
® Different production mechanism from meson production
® Possible proton remnant effects
® Significant feed-down from heavier beauty baryons

+ CDF and ATLAS see no strong pt dependence for fs/fq¢ and agree with the

asymptotic LEP value ATLAS RL 115 2015 26200

LHCb PRD 100 (2019) 031102 S as ATiAs

LHCb (hadronic decays)
- 247" {s=7TeV CDF 7
B LEP (HFAG average)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.031102
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.115.262001
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World Average fs/fq

+ Given the tension between different measurements of FFR
and the claimed pt dependence by LHCb, world average
FFRs are no longer being updated:

®© From HFLAV arXiv:2206.07501

With the ever increasing precision in heavy flavour measurements, the b-hadron fraction aver-
ages provided by HFLAV for high-energy hadron collisions are no longer of interest, since they
are not directly transferable from one experiment to the other. We have therefore decided to no
longer maintain these averages. The interested reader should refer to Sec. 4.1.3 of our previous

pubhcatlon [1] [1] HFLAV collaboration, Y. S. Ambhis et al., Averages of b-hadron, c-hadron, and T-lepton
properties as of 2018, Eur. Phys. J. C81 (2021) 226, arXiv:1909.12524.

+ PDG still provides the world average values:

Table 75.1: ¥ and b-hadron fractions (see text).

Tevatron [96] LHC (y/s) [97,98]

Z decays [96]
X 0.1259 £ 0.0042
fu=fs 0.408 +0.007
fs 0.100 =+ 0.008

Greg Landsberg - Recent B Physics Results in CMS (and Beyond)

foaryon  0.084 +0.011
fs/fs  0.246 +0.023

0.147 + 0.011

0.344 + 0.021

0.115 + 0.013

0.198 = 0.046

0.333 +0.040 0.239 4 0.007 ( 7 TeV)
0.239 4 0.008 ( 8 TeV)
0.254 + 0.008 (13 TeV)
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https://pdg.lbl.gov/2022/reviews/rpp2022-rev-b-bar-mixing.pdf
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+ Alternative would be to use the Bs = J/Y¢ decay for the Bs = pp
normalization, which should eliminate the need for the fs/f, ratio
+ Currently, the world average [PDQG] is based on three results:
® CDF, 1.96 TeV: B(Bs =J/{d) = (1.5 + 0.5 = 0.1)x10-3
® Belle, Y(5S) = BsBs, B(Bs =J/\d) = (1.25 + 0.24)x10-3

® LHCb, 7,8,13 TeV: B(Bs = J/\d) = (1.037 + 0.032 + 0.022)x10-3

“+ However, the dominant LHCDb result uses B+ and B9 decays as the
normalization channel, so this measurement is ~100% correlated with their
fs/fu or fs/fo measurement - not an independent normalization channel!

+ Can we use some other Bs decay mode to normalize?

® Not really as none of them have been measured to a precision better
than 10%, and most are affected by the same normalization channel
Issue

+ Really need Belle Il Y(5S) measurements to make a breakthrough in
precision
® Why don't they run on the Y(5S) first??? &

Normalization (cont’'d)
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FFR Measurements - |

g+ Three main methods are used at the LHC
® Semileptonic decays with charm (B) = D Xuv)

<+ Based on a theoretical calculation in the HQ expansion
scheme predicting semileptonic widths for all species to be
~equal, within a ~1% precision [Bigi et al, arXiv:1105.4574]

<+ The experimental precision (~4%) is dominated by the
systematic uncertainty, which mainly comes from excited
charm states modeling, lifetime measurements, and cross-
feeds from all-hadronic decays

Greg Landsberg - Recent B Physics Results in CMS (and Beyon

<+ Experimental difficulties include the contamination from D*,
D**, etc. decays, which are poorly known
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FFR Measurements - i

® Hadronic decays with charm (Bg) — Dg)K; D))
< Claimed to be the most clean theoretically

< Calculations are done in the factorization scheme [Fleischer et al.,
arXiv:1004.3982]

<+ Dominant systematic uncertainty is in determination of the form-factor By = D)
ratio, Nr (discussed later)

<+ Experimental advantage: fully reconstructible decays largely remove
contamination from excited states

® Hadronic decays with charmonium (Bs) — J/VK*(@))
<+ The ATLAS method is based on a single available theoretical calculation of the

ratio:
B(B) — J/y) £0.03,, \+0.01, 7 \+0.01,  +0.01
= 0.83Z002(wB) 2500 (M) g0 (ai) g 0o (111c).
B(Bg’ - ]/wK*O) 0.OlgF shape pa(:..OODecay con(s)t..o2 O.OCzharm mass
<+ Unfortunately, this prediction [Liu et al., arXiv:1309.0313] is based on pQCD
predictions, which are notoriously unreliable
<+ Thus, the claimed precision fs/fqd = 0.240 + 0.004 (stat) + 0.010 (syst) + 0.017 (th),
which is completely dominated by the theoretical uncertainty, is likely to be
overstated

< This channel, while very clean experimentally, is only useful for shape
measurements (e.g., pr dependence), but not for the absolute fs/fqd determination

Greg Landsberg - Recent B Physics Results in CMS (and Beyond)
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BROWN

gl ¢+ Several analyses are ongoing, with the results expected
this year:
® FFR with charmonium Bs — J/Y¢, B® = J/PpK* (non-parked
data; shape measurement - testing claimed prt dependence)

® FFR with fully hadronic charm decays Bs = Ds1t+/K+,
B0 — D-K+ via Dttt (parked data - never thought it would be
possible - Charm Meson Spectrometer!)

® FFR with charmonium Bs — J/Y¢, B? = J/PK* (parked data)

+ However, one has to use theoretical input to calculate the
FFR in hadronic charm decays (the present measurement
of B(Bs = Ds 1) is dominated by LHCb and uses fs/fq as
an input): B(Bs = Ds1t*) = (3.20 + 0.10 + 0.16)x10-8

+ Belle measurement has a 20% uncertainty: B(Bs = Ds11+)
= (3.6 = 0.5 + 0.5)x10-3 - need Y(5S) data!
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of B(Bs = Ds 1) is dominated by LHCb and uses fs/fq as
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| [ |
Theoretical Calculations

BROWN
M+ The LHCb extraction is based on the QCD factorization
framework [Fleischer, Serra, Tuning PRD 83 (2011) 014017]:

® Cabibbo-suppressed D-K+ channel is cleaner than the D-1t+ channel,
due to the lack of an extra non-factorizable diagram

©
5
)
m
O
8
(9D}
>
(@) b u
i= _ ; _
5 5. B(B"— D KY)epk Np., e Wg ot
> - _
é fd B(Bg—)D 7T+) EDTFNDK d G
g & Vs TBO 1 B(D = Ktn 7n7) epx Np,r
— ¥PS
£ Vud f7r TBOWB (Ds — KTK~7~) ep,r NDKk
m
'% Input | Value Reference
ko B(D'— K*r-) | (3.999+0.045)%  [6]
- B(D~— Ktrn) | (9.38+£0.16)% [7]
S B(D; - K-K*tn™) | (547 +0.100% [6,39]
@ TBo/TRo 1.006 + 0.004 (6]
= (Tp+ + 7o) /27Ro 1.032 + 0.005 (6]
= (1-¢&) 1.010 & 0.005 [34]
% N. Non-fact. corr.|  1.000 +0.020 36]
Nr Form factors | 1.000+0.042  [19,40/ <= Bordone et al., EPJC 80 (2020) 347 and 951
N& For DT decay| 0.966 = 0.062 [7 36
Vsl Fx /| Vial f | 0.2767 [9]
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Non-Cabibbo-Suppressed Channel

BROWN

+ In CMS, due to the lack of particle ID, using the
Cabibbo-suppressed channel is difficult
® Use non-Cabibbo-suppressed B% — D1+ instead and

normalize to the theoretically clean channel via the ratio
of the branching fractions: B(B? — D-K+)/B(B® — D-11+)
® This ratio is known to a rather fine 3.3% precision
[PDG]: (8.22 + 0.11 £ 0.25)%
® This is twice better than the precision on the non-
factorizable diagram contribution Ne = 0.966 + 0.062
+ Using parked data we can also measure
B(Bs = J/P3)/B(Bs— Dsmi) (benefiting from the same
trigger!) and normalize the charmonium channel to
the same (clean!) theoretical hadronic charm value!
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"“Two B or not Two B - that's the ?"

BROWN

+ |n all of the FFR measurements it is assumed that there
IS an isospin symmetry: fy = fq

+ |n fact, this assumption is implicitly or explicitly used in
most of the B+ and B0 branching fraction
measurements at the B factories!

® The isospin symmetry enters the branching fractions

+0 _ B(Y(4S) - BTB") 1
~ B(Y(4S) — BOBY)

+ |Is this really a good assumption?

® Actually, not quite, as the isospin violation at Y(4S) from the
final-state Coulomb interactions near threshold could be as
large as ~20%, which would imply significant corrections
to the measured B+/B0 branching fractions

through the assumption: R
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The R0 Review

BROWN
+ Atwood, Marciano: PRD 41 (1990) 1736: R0 =~ 1.18

+ Lepage: PRD 42 (1990) 3251: R0 = 1.14
+ Byers, Eichten: PRD 42 (1990) 3885: R0 =~ 1.18
+ Kaiser, Manohar, Mehen: PRL 90 (2003) 142001: R0 = 1.09-1.25

+ Voloshin: Phys. Atom. Nucl. 68 (2005) 771: connection to the y(3770) — DD
and ¢ — KK decays; large variation of R0 across the resonance

+ Experimentally, however, the ratio appears to be significantly smaller:
© HFLAV arXiv:2206.07501 (CLEO, Belle, BaBar): R0 = 1.059 + 0.027 (2.20 from
unity)
+ BaBar [PRL 95 (2005) 042001] used a clever technique of a double-tag vs.
single tag to measure inclusive B+ and B0 semileptonic branching fractions
without any isospin assumptions, resulting in R0 = 1.048 + 0.042 + 0.044

+ Work in progress: Bernlocher, Jung, GL, Ligeti:

® Difficult problem, as one has to disentangle isospin violation in production and
decay
® Pursuing a novel idea on how to do it properly with the existing and future data

® Proposal for an experimental program for Belle Il and the LHC experiments to
resolve the R0 puzzle to ~1% precision [paper in preparation]
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Greg Landsberg - LHC Run 2 Excesses

ATLAS LLP dE/dx Excess

o Search based on high-pt and high-dE/dx tracks in the ATLAS pixel detector
* Dedicated time-dependent calibration accounting for the pixel detector aging
* dE/dx to By calibration based on dedicated low-pileup run

o Several signal regions, as well as a number of control and validation regions for
background estimation

o An excess of high-dE/dx events in the 1.1-2.8 TeV mass window is seen, with the local
(global) significance of 3.6 (3.3)c

e Excess events very scanned for pixel detector pathologies, and none were found

o However, the time-of-flight information for these events is consistent with g = 1 (which
is not inconsistent with the dE/dx results for |q| > €)

ATLAS, arXiv:2205.06013
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® Search for MSSM Higgs bosons decaying into the Tt
final state also reinterpreted as a search for VLQs
* Sophisticated background prediction using the "t-

embedding" method

® Two ~30 excesses are seen in the ditau mass

dN/dm_, (1/GeV)

Obs./Exp.

distributions (or its proxy) around 0.1 and 1.2 TeV

500F "/
400}
300
200}

100

* Excesses are reasonably distributed between various

Tt decay channels

* The ~100 GeV excess appears to be well aligned with
the low-mass diphoton excess seen in an earlier
analysis of Run 1 + 2016 data
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® No full Run 2 result in low-mass g | U
diphoton channel yet - 3
* The 2016 ATLAS resultis not 1 S /°
inconsistent with the CMS one - 2
o The full Run 2 MSSM H(tT) result : — o
contradicts the 1.2 TeV excess i s -
seen in CMS N e e

theoretical interest since an old

m,(GeV/c?)

o The 95-96 GeV light Higgs boson
has long been a subject of ADLO, hep-ex/0306033 ATLAS-CONF-2018-025
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Looking forward to ATLAS
139 fb-1 updates in the yy
channel!


https://cds.cern.ch/record/2628760/files/ATLAS-CONF-2018-025.pdf
https://arxiv.org/pdf/1812.05864
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© Recent preliminary result from CMS on resonant search in the

X — Y(bb)H(yy) channel

* See ~3.50 (2.80 globally) excess at M(bb) ~100 GeV, M(X) = 650 GeV
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No competitive ATLAS results yet
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https://inspirehep.net/files/dbe524fcceb1628aa964561e0ebbea05

Greg Landsberg - LHC Run 2 Excesses

e Curiously, a 650 GeV bump is also observed in the recent CMS high-mass H(WW)
search in dilepton channel (low resolution), but only in the VBF category with a
3.80 (2.80 global) significance

* ATLAS 2016 leptonic H(WW) doesn't have an excess, but the sensitivity is not sufficient
to rule out the CMS excess; neither does the full Run 2 Z'(WW) semileptonic analysis

* However, there is a small VBF H(ZZ — 4l + 2I12v) excess at 620 GeV (2.40; 0.90 global) in
the ATLAS data
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https://cds.cern.ch/record/2803723/files/HIG-20-016-pas.pdf
https://cds.cern.ch/record/2803723/files/HIG-20-016-pas.pdf
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e Curiously, a 650 GeV bump is also observed in the recent CMS high-mass H(WW)
search in dilepton channel (low resolution), but only in the VBF category with a
3.80 (2.80 global) significance

* ATLAS 2016 leptonic H(WW) doesn't have an excess, but the sensitivity is not sufficient
to rule out the CMS excess; neither does the full Run 2 Z'(WW) semileptonic analysis

* However, there is a small VBF H(ZZ — 4l + 2I12v) excess at 620 GeV (2.40; 0.90 global) in

o, x B(H— WW) [pb]
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https://cds.cern.ch/record/2803723/files/HIG-20-016-pas.pdf
https://link.springer.com/content/pdf/10.1140/epjc/s10052-017-5491-4.pdf
https://cds.cern.ch/record/2803723/files/HIG-20-016-pas.pdf
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Oygr(PP—Z'=WW) [pb]

e Curiously, a 650 GeV bump is also observed in the recent CMS high-mass H(WW)
search in dilepton channel (low resolution), but only in the VBF category with a
3.80 (2.80 global) significance

* ATLAS 2016 leptonic H(WW) doesn't have an excess, but the sensitivity is not sufficient
to rule out the CMS excess; neither does the full Run 2 Z'(WW) semileptonic analysis

* However, there is a small VBF H(ZZ — 4l + 2I12v) excess at 620 GeV (2.40; 0.90 global) in
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https://cds.cern.ch/record/2803723/files/HIG-20-016-pas.pdf
https://cds.cern.ch/record/2803723/files/HIG-20-016-pas.pdf
https://link.springer.com/content/pdf/10.1140/epjc/s10052-020-08554-y.pdf
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95% CL limits on o, x B(H— ZZ) [pb]

e Curiously, a 650 GeV bump is also observed in the recent CMS high-mass H(WW)
search in dilepton channel (low resolution), but only in the VBF category with a
3.80 (2.80 global) significance

* ATLAS 2016 leptonic H(WW) doesn't have an excess, but the sensitivity is not sufficient
to rule out the CMS excess; neither does the full Run 2 Z'(WW) semileptonic analysis

* However, there is a small VBF H(ZZ — 4l + 2I12v) excess at 620 GeV (2.40; 0.90 global) in
the ATLAS data
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@ An excess observed in a

B(H — aa — bbuu)

Run 2 search looking for

H — a(bb)a(pp) in high-
resolution dimuon mass
distribution

* Local (global) significance of

3.3 (1.7)o at M(a) = 52 GeV
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.012006
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© Another preliminary result from CMS, |nsp|red by the flavor anomalles

® Looks for single, pair, and
t-channel production of LQ3
in the Ttt+X final states

* Uses St = Zp1(T) + pr(j1) + MET asba discrlmlnatlng variable for resonant and X =
e-2y’, where y* = |y1 - y2|/2 the rapidity separation between two leading (tau) jets
o Global fit to multiple search regions for different LQ3 mass and couplings

* See ~3.50 excess peaking in non-resonant production at large VLQ masses and
couplings; no excess is seen for resonant production; global ¢ is hard to
quantify
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@ ATLAS reported a 3.1 (2.0)c excess at about 1 TeV in an X = H(tt)H(bb) resonant
search

Events / 75 GeV

Data/Pred.

Events

Data/Pred.

* An excess can be clearly seen only in the NN discriminant distribution; the mass
spectrum before the NN application doesn't show a sizable excess

* Consistent excess in semileptonic and hadronic final states
@ Not dlrectly comparable W|th the CMS LQS excess but could be related
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ATLAS, arXiv:2209.10910


https://arxiv.org/pdf/2209.10910.pdf

What About CMS?

@ No resonant X — H(tt)H(bb) results with full Run 2 data yet

o However, a search was done for H = Hi2s5(tTt)hs(bb), with hs being a scalar in a
broad mass range for H and hs
* No excesses seen for m(hs) = 125 GeV, with the cross section times branching

fraction (7.3%) limit set ~2 fb, which is very similar to the ATLAS observed limit
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95% CL limit on & B(H-h(xr) h_(bb)) (pb)
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https://link.springer.com/content/pdf/10.1007/JHEP11(2021)057.pdf

® Assuming that the H(bb)H(tt) channel corresponds to the SM Higgs boson
decays, the 1 TeV excess in ATLAS is still present at 3.20 (2.16 global) level

© However, CMS rules it out by X—=HH searches in more sensitive channels
® This technically doesn't hold in the case when there is another boson with the

n
@ - - - - - - -
7 mass ~125 GeV decaying into either bb or Tt with branching fraction different
Q
o from the SM ones
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ATLAS-CONF-2021-052 CMS, Summary HH Plot



https://cds.cern.ch/record/2786865/files/ATLAS-CONF-2021-052.pdf
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95% CL Upper Limit on o, x BR [fb]
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95% CL Upper Limit on o, x BR [fb]
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650 mostly theory papers;
500 in the first 1/2 years;
majority were simply bad...

Excess gone
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