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3 . SMU
B-Physics at the LHC o

The study of B-mesons enables precision tests of flavor physics, CP violation, and rare decay processes,
providing sensitive indicators of potential new particles or interactions. Its rich phenomenology
continues to challenge and refine our theoretical frameworks, keeping it at the forefront of
experimental and theoretical exploration

This talk covers some of the most recent measurements in B-Physics:
« Lifetime measurement of B) mesons (arXiv:2411.09962) ATLAS

- Differential cross-section measurements of D* and D;—r meson production
(arXiv:2412.15742)

* Double differential D* production (CMS-PAS-BPH-22-007)

* Search for FCNC mediated decay - D® — u*u~ (CMS-PAS-BPH-23-008) CMS

* Measurement of Y(1S5) + Z production (CMS-PAS-BPH-23-007)

* A test for LFU through the measurement of ratios of branching fractions of B¢
decays (CMS-PAS-BPH-23-001)

* Measurement of B-meson production fractions (NEW) — (CMS-PAS-BPH-21-007)
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Theoretical Overview and Motivation

b-hadron lifetimes follow this hierarchy: 75+ > Tpy~Tpo > Tpt

Differences arise due to Pauli interference and weak annihilation
Theoretically modeled using Heavy Quark Expansion (HQE) framework?
Calculations of ratios of decay widths: HQE? and Lattice QCD*

Constrain HQE and Lattice QCD

Data, Event Selection and Reconstruction

R o

4.
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The decay channel Bg —>]/1/JK*0 was used due to their large branching ratio

Data amounting to 140 fb* at+/s = 13 TeV collected during the period 2015-18

Events identified through J /1 — u*u~ through dimuon triggers with pr thresholds at 4, 6 and 11 GeVs

The K*® » K*m~ is reconstructed from all tracks that are not identified as muons from J/ and satisfying
invariant mass of the K*°

Each combination of J /1 = u*tu~™ and K*® - K*1r~ candidates were fitted to a common vertex by constraining
the invariant mass of dimuon track to J /1y mass

Int.J.Mod.Phys.A 30 (2015) 10, 1543005
JHEP 12 (2017) 068
JHEP 01 (2023) 004
PoS HEP2001 (2001) 098
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Two-dimensional Unbinned Maximum Likelihood Fit

Easwar A. Narayanan

Mass and proper decay time were simultaneously fitted using a log-likelihood fit function

Both signal and background were described by the fit; the background consisted of prompt (pp — J /Y X) and
combinatorial components (misidentified Bg - J/WK*° decays)

Signal proper decay time distribution was modeled using an exponential function while the combinatorial background
was modeled using three exponential functions

Data events were weighted using lifetime-efficiency weights, estimated through Monte Carlo (MC) simulations
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Average Decay Width of Bg mesons

[4 = 0.6693 + 0.0005(stat.) + 0.036(syst.) + 0.0055(ext.) ps?
Compatible with HQE and
Lattice QCD predictions and
experimental average

And the ratio of average decay width

Fa /. =0.9905 + 0.0022(stat.) + 0.036(sys.) £ 0.0057 (ext.)

*The value for I was taken from the measurements® using BY — ] /¢ decays

Major sources of systematic uncertainties

* Mass-time correlation due to impacts of invariant mass and proper-decay time on the fit

* Mismodeling of the mass distribution

* Application of time efficiency curves to correct proper decay time dependance on triggers and selection cuts
* ATLAS Inner Detector (ID) misalignment

1. EurPhys).C8]1(2021)4, 342
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https://link.springer.com/article/10.1140/epjc/s10052-021-09011-0

@g\lgﬁﬁ Lifetime of Bd mesons — Results g;u

Comparison of Tgo with other experiments

. . 0 e M t with total tainty
Measured lifetime B4 meson BN Stafistical uncertainty ATLAS
[ Systematic uncertainty

ATLAS B"— Iy K™ 120 f57@1
Tgo = 1.5053 + 0.0012 (stat.)+0.0035 (syst.) ps 15053 £ 0.0012 (stat) = 0.003
ATLAS B"— Jiy K!
1.509 + 0,012 (stat) £ 0.01
LHCb B = Iy K™ 1 10
1.524 + 0.006 (stat.) £ 0.0

[C ]
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* Ingeneral, good agreement with other experimental results fﬁ?__’fi:{i‘;‘ff%; @7 Tev
* Systematic uncertainty was reduced by a factor of 4.7 compared LHGb B K'o. 1 f°@7 Tev ——i
to the previous ATLAS measurement?, thanks to the Insertable B- CMS B Iy K™, B'—> Jiy K. 19.7 5735 Tev H—
Layer installed in 2015 for precise vertexing and time resolution, | pos'— e oo o1oe e

1.534 + 0,019 (stat.) £ 0.021 (syst)

and larger datasets for accurate modeling of decays CDF B Iy K. B~ Iy K 43 5701 96 Tev

1.507 + 0.010 [ht + 0.008 (syst)

—————
H——
* Latest world average value?, 1.517 + 0.004 ps, differs from this Belle I B'—D" K/, 190 85" v (45) H——
-——
H=——

measurement by 2.1o0 standard deviation ;f;;;*ig“‘li'f e
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Most precise measurement to date

1. JHEP 06 (2016)081
2. Phys.Rev. D 110, 030001
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32U production Cross-section of DT and D3 Mesons - Overview

Theoretical Overview and Motivation
» Sizable theoretical uncertainties on NLO, NNLO-QCD! predictions
* Perturbatively calculable cross-sections available at the LHC (~10% of the pp-collisions and m, > Aycp)

* Significant decay BR to 7-lepton final states?, and hence, cross-section measurements are useful for the search for
lepton-flavor-violating 7-lepton decays

Data, Event Selection and Reconstruction
+

* Semileptonic decay channel: DJ—’/D;—r — (- ptpt)m® (provides much cleaner signal with a lower background)

* Final state of two muons and one pion to construct D meson vertex

 Data amounting to 137 fb! at+/s = 13 TeV collected during the period 2016-18

* Events were required to be accepted by dimuon triggers

* Dimuon and pion combinations were used for SV fitting

* PV refit was performed after removing three tracks. Due to the long lifetime of DJ—’/DSJ—F, the characteristics of the
separation was often used to reject background

1. Eur.Phys.).C 76 (2016) 8,471
2. Phys.Rev. D 110, 030001
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Relative systematic uncertainty
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Production Cross-section of D and D5~ Mesons — Systematic Uncertainties
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SMU

For D, the largest systematic uncertainty
contributions arise from the background modeling,
followed by the decay branching ratios

For D;—F, the largest systematic uncertainty
contributions arise from the decay branching
ratios, followed by the muon reconstruction
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Production Cross-section of D and DS— Mesons — Results

. + S 10Famas 3 ATLAS
Measured cross-sections of D+ (top) and Dg (bottom) = of 513 TeV, 137 o feeiaTev, 127"
H H . . 5 F12<p’ <100 GeV &'_ 1071 <25
in bins of || and p and are compared with theoretical = g
. . 5
calculations!®”! ; results are mostly consistent
Results are also compared to pp collision
data® collected at+/s = 7 TeV in 2010
D? inclusive fiducial cross-section [nb] g é
ATLAS GM-VFENS FONLL g g
O £ Sioal o+ 6(heery ox 6theory - -
Vs = 13TeV 1690270 22008300 14807330
W e AT 050 g 4;_?1;']:3‘\/ 137 fb'I1 GMI'VFNS E é 10{ Vs iﬁAasT‘v 137 !
Ratio (13TeV/7TeV)  1.9+04  224+004 238+0.01 § 3_5;1; pg‘i 100 Gev o E ﬁh y %?l 3Tev,
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ATLAS GM-VENS 7
O =+ Gyotal gt 5(heory ]
V5= 13TeV 810100  950*140
V5 =7TeV 510£100 47073 b3 ]
Ratio (13 TeV/7 TeV) 1.6+04 2.02+0.05 §
B
1. PhysRevlett 96(2006)012001 5. Phys.Rev.D71(2005)094013 ) E ]
2. Phys.Rev.D71(2005)014018 6. JHEP 05 (1998) 007 0 7 15 2 25 20 30 40 50 60 70 80 90 100
3. Phys.Rev.D79(2009) 094009 7. JHEP 10(2012) 137 il p, [GeV]
4. JHEP12 (2017)021
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Production Cross-section of D*i - Overview

Data, Event Selection and Reconstruction

* Analysis used decay channel: D** — Don;—L - Kinin;—’ (offers best signal to background ratio for broad phase space
coverage)

* Two tracks were assigned under D° mass hypothesis as K and  with opposite charge originating from a common
vertex; n;—r candidate should originate from the vicinity of the same PV as D°

« Data amounting to 3 nb* at+/s = 7 TeV collected in 2010

{isignalband [ "!side band 3 r\b'1 (7Tev) i isignalband [ "!side band 3 nb'1 (7 TeV)
> F ] ] ] > 2500 Tl ] K
%’ 10001~ nge?rﬁJina—y : p? <35GeV, |y|<~25 % F gl!gﬁrr;inahz p?' >35GeV, |y|<~25 Sp||t into tWo
D** signal extraction was done using S b ' o 20008 o ¢ right charge pr categories
. :@ C :@ r —_ h T
AM = m(Knn,) — m(Km) g f e f s h
2 q . . > 600 AN S 1 R — background only to enhance
distribution due to superior mass @ O%RF woF 5 sensitivity and
resolution. The long lifetime of D° 4000 1000 isolat\é
was also used as a signal b tamenaree - g . - i
o a o 0 0 200 — fitto gghtcgarge 500 s e ) Comblnatorlal
discriminating variable : e g : D ——
0 0.‘|14 0.1I45E 0.%5 0.1I55 0.I16 0.1|65 0 0.14 7 Oj1|45 0.‘15 0.1‘55 0.|16 0.165
My - M, (GeV) My - M, (GeV)

* In the D** reconstruction, both prompt and nonprompt mesons enter, but to measure the total prompt-charm cross
section, the nonprompt D** were excluded using the fact that they had shifted PV due to the long lifetime of b-hadrons

* Major sources of systematic uncertainty in the measurements come from tracking efficiency, effective luminosity,
signal tail systematics and Era dependence

Easwar A. Narayanan MoriondQCD2025
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Production Cross-section of D*i - Double Differential Cross-sections

Double differential cross-sections of prompt D*E as a function of pr in pseudorapidity | y| bins were obtained in
logarithmic scale

.- CMS Preliminary 3nb’ (7 TeV)
) L 1 . B B s B
Ei., :"__.---.---—_,_A_-_,' .B /y/‘<o -
>s10107 -4 -n -S'm;'g —
- - ‘l'._..... S .-
o R L S Wty B
g1ty T a7 E
| lo_,, ==l '_- . s e .
X e T, W< . =3 This analysis is the first
£ — s - . .
© 10°F . ” T e e double differential
IR S S Tl =
I .. V<20, 1 measurement at the
s 0., T g e LHC in all regions of | y|
= ] “Wen, ¥ - :
Ay i inany pr
i s CMSc ety LT R
I uncertainty down to less than zero =
m ALICEc :
1= ® LHobe =
------- Pythia ¢ x 0.7
— FONLL =
10—2 | ‘ | | 1 ‘ | ‘ 1 ‘ | ‘ 1 | | ‘ | | 1 |
0 12 3 45 6 7 8 9 10 «
p, (GeV)

Good agreement with previous measurements from LHCb and ALICE as well as FONLL QCD predictions

1 Nudl Phys.B 871 (2013) 1-20
2. EurPhys.J.C77 (2017)8, 550
3, JHEP 10 (2012) 137

Easwar A. Narayanan

MoriondQCD2025 11



https://www.sciencedirect.com/science/article/pii/S0550321313000965?via%3Dihub
https://link.springer.com/article/10.1140/epjc/s10052-017-5090-4
https://link.springer.com/article/10.1007/JHEP10(2012)137

CMS
Production Cross-section of D*i - Total Charm Production Cross Section

1

2

Full phase space charm production measurement
combined with LHCb! measurement allows precise
extrapolation of total charm-pair cross section at 7 TeV
Largest phase space for charm production ever explored
at the LHC

First-ever LHC measurement without assuming charm
fragmentation universality

Used data-driven procedure? for NNLO-QCD comparisons,
avoiding reliance on fragmentation universality
Consistent with NNLO-QCD predictions and has smaller
uncertainty than the NNLO theory

Nucl.Phys.B 871 (2013) 1-20
PoS EPS-HEP2023 (2024) 367

CMS Preliminary (s=7TeV
T T T T [ L el T T T T | T T T T | T T T T
= I+ CMS+LHCb  this work
- +extrapolation (nonuniv.)
- 4 LHCb+ALICE [1]
+extrapolation (univ.)
= NNPDF31
MMHT2014 NNLO [1]
° HERAPDF =-e=PDF unc.
e JR14 —e—scale unc.
- CcT18
e ABMP16
: (1] JHEP 2104 (2021) 043
1 | 1 1 J 8 el | I I 1 1 1 | | 1 1 | | 1 1 | 1
5 10 15 20 25
G [mb]
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Y (1S) Production In Association With a Z-boson - Overview

Theoretical Overview and Motivation

* Significant tension with theory predictions for production of quarkonium
states with EW bosons*

* Two competing processes — Single Parton Scattering (SPS) and Double
Parton Scattering (DPS)

* So far experimental studies provided only an integrated g, measurement,
i.e., without any distinction between DPS and SPS contributions

. CMS IP{e!rrpfr;a{yl S I1I3£I3 flb (JS"I:e)/ . FMS P{en“lr{rmapf‘ S ‘13‘8 flb‘ (.131.-6.\/,

Data and Analysis & ¢ 2 o 1 & 9o L?é‘f; |
) 5 30k ERZ+Y(1S) s?gnal E f 80:— EmZ + Y(1S) signal

* Data amounting to 137 fb* at+/s = 13 TeV collected ol mz oy | L o 2 Va0 snal |

during the period 2016-18 :fj P ]

Used Z — 4u as a normalization channel to measure the
ratio of fiducial cross sections, Rz,y(1s)

_o(pp>Z+ Y(1S)B(Z - utu)B(Y(1S) - utu) 85 9 95 10 10.[G o 70 8 90 100 1[]
o(pp = Z)B(Z - pru—ptu) =
An unbinned maximum likelihood fit was performed in two
;: AHEP 04 (20141172 dimensions - Z and Y(nS) masses
. EurPhys)C75 (2015)5,229
e
Easwar A. Narayanan MoriondQCD2025 13



https://link.springer.com/article/10.1007/JHEP04(2014)172
https://doi.org/10.1140/epjc/s10052-015-3406-9
https://link.springer.com/article/10.1140/epjc/s10052-015-3406-9
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.90.221803

Y(1S) Production In Association With a Z-boson - Results s‘;*u

o OMSPomnay o WS®lUSTON NS Poimnay  1381b(13To

E : # Data : § 162— ¢ Data —;

g 20 s 1 B s ;

[ L —DPS : ‘.‘5 12F —DPS 3

B 15' _: g 1op P

A simultaneous fit of Ay(Z + Y(1S)) and A¢p(Z + Y(1S)) % 3
was performed using SPS/DPS templates. The DPS fraction o+ ] o I l
. : [ 2f ]

was then extracted using sPlot technique ) nE i | E

I R S S - R N BT

Ay(Z, Y(1S)) AD(Z, Y(18))

Major sources of systematic uncertainties arise from
branching fractions and signal model

Using SPS and DPS yields, and the efficiencies calculated by using simulated data samples, the ratio of the fiducial
cross sections was measured

Rziras) = [21.1 £ 5.5(stat) £ 0.6(sys) x 1073 First observation of the Z + Y(15)

production

Using the DPS component in the Rz, y(1s), Oeff Was measured: Consistent with other quarkonium
1 JHEP 04 (2014) 172 _ +7.8 . o
2 EurPhys)C75(2015)5.229 Oeff = 13.0Z35mb measurements®” in pp-collisions
3. JHEP 01 (2020) 095
4. JHEP 06 (2017) 047
5. Phys.Rev.D90(2014)11, 111101
6. EurPhys.J.C80(2020) 1,41
7. Phys. Rev. D 47, 4857
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Rare Charm Decays into Two Muons (D® — u*u™) - Introduction

Theoretical Overview and Motivation
* FCNCs in c-hadron decays mediated by ¢ — u transitions, which have even smaller SM predictions, remain

less explored

e Rare c-hadron decays differ from those of b- and s-hadrons due to their loop contributions being
mediated by lighter quarks, resulting in significant long-distance effects that are hard to predict
analytically. Consequently, SM predictions are less reliable, and new physics searches focus on
contributions that significantly exceed SM expectations

« D% > p*pu issuch one interesting casel; the SM predicted B(D® — u*u™) is of the order of 3 x 1013
The most sensitive result to date, from LHCb? set an upper limit at 3 x 10~° at 95% CL, four orders of
magnitude larger than the SM prediction, indicating a substantial unexplored territory

1. Phys.Rev.D 66 (2002) 014009
2. Phys.Rev.lett, 131 (2023) 4, 041804

MoriondQCD2025 15
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Rare Charm Decays into Two Muons (D° — u*u™) - Analysis SMU

 Used data collected in 2022-2023 at /s = 13.6 TeV corresponding to [ Ldt = 64.5 fb!

* First analysis using high-rate dimuon triggers developed for CMS Run 3 and the first public result of the
measurement ofB(D0 - u+u‘) at CMS

« B(D° - utu~) was measured using the cascade decay D** — D°n*, D® — u* = with the D? —
T~ as the normalization channel, considering both prompt and non-prompt D° production

o B(DO - ,Ll"',u_) = B(DO - T["'TC_) NDO_’ﬂ+ﬂ_ EpOntn—
Npo_p+n— €popy+pu—
the decay X and ¢y is the corresponding full selection efficiency
* This approach allowed cancelation of many systematic uncertainties in the selection and reconstruction
efficiencies of the signal. However, major source of systematic uncertainty comes from the
misidentification rate of muons
« Combinatorial background (D** — D% *arising from B-mesons) was separated from signal decays

using the displaced D° vertex, thanks to the significantly larger lifetime of B-mesons

, Where Ny is the number of fitted candidates for

Easwar A. Narayanan MoriondQCD2025 16




Rare Charm Decays into Two Muons (D° — u*u™) - Results

SMU

B(D® - pu*tpu™) and its associated upper limit was obtained through an unbinned maximum likelihood fit on D°candidate

mass m(D°) and the mass difference between the D** and the daughter D® meson Am = m(D*t) — m(D?)
64.5fb' (13.6 TeV)

10°

Events /5 MeV

10*

10°

Data - total bkg.

-200

10°k

64.5 o' (13.6 TeV)

E =
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E . Total bkg. component <
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E Stat. + syst. uncertainty P
------- Combinatorial bkg. £ Q

3 D = g 10
E B sutp)=10x10% Z270 p ST UV, UV, i
e - D =TV,
£ 0.140 < Am < 0.150 GeV
k- 10*
EC'='; I I e e e e e e e e e
3
E 102
é_..
E 1
F g
— % { o 200
C w©
- | 5
- + | —T{lT *{"} %11 ] T o0
SEETEE T
C 8 200

1.82 1.84 1.86 1.88 1.9 1.92 1.94 0

my, (GeV)

=

- CMS
_ Preliminary s

B(D spp)=1.0 x 107

BANVY

Signal + total bkg. fit
Total bkg. component
Data

Stat. + syst. uncertainty
Cé)mbinalorial bkg.

D —utu
IZ>°—>ﬂ'*Jr—>,t.1*vﬂ,u'?H

- D UV,

1.81< m,, <1.94 GeV

o

The mass difference
Am is a powerful
observable for
suppressing the
background as it
yields a narrow
distribution by

canceling out the

muon resolution

- H %
H1é, '%l ;r ; [ +r; ffect
SERAFLENC I I LA I e
SE
14 0.142 0.144 0.146 0.148 0.15

Am (GeV)

No significant excess above the background expectation was observed

Results:

1. Phys.Rev.lett. 131 (2023) 4, 041804
Easwar A. Narayanan

B(D® - utp~) <2 x 1072 at 95% CL;

B(D® - p*p~) = (1.0+0.9) x 10~
The most sensitive measurement to date; 35% improvement over the current best limit?

MoriondQCD2025 17



https://doi.org/10.1103/PhysRevLett.131.041804

CMS . SMU
Ry/y = B(Bf - J/pttv,)/ B(BE - J/$putv,) - Introduction S

Theoretical Overview and Motivation

P WN

Easwar A. Narayanan

The lepton-flavor non-universality arises solely from Yukawa couplings. Current measurements indicate
that these couplings align with SM predictions for the second and third lepton generations!-2

A potential observation of lepton flavor violation would be a clear sign of new physics beyond the SM.
Measurements by B-physics experiments — Belle, BaBar, LHCb, are consistent with LFU hypothesis,
however there are residual indications of potential LFU violations in b — clv transitions

LHCb measured R}/, = B(BCJ—r - ]/1/)T+UT)/ B(Bg—r —>]/tpu+vu) using a dataset of 3 nb-* and the result
was Ry,y = 0.71 £ 0.17(stat) &+ 0.18(sys). This result lies above the range of values currently
predicted by SM, R;,y, = 0.258 + 0.004 at 20 level

CMS measured Ry, = B(Bf - J/yt*v,)/ B(Bf - ]/tpu+vu) using partial Run 2 data (59 fb!
collected in 2018) and the result of this analysis was Ry, = 0.17013(stat) 1353 (sys) (. 13(theo).

The final state of the BT — J/yt* v, was (u* p)ut
The analysis in this presentation is based on full Run 2 dataset (138 fb)

E 201 5. D111 (202 1051102

MoriondQCD2025 18


https://link.springer.com/article/10.1007/JHEP08(2018)066
https://doi.org/10.1103/PhysRevLett.121.121801
https://doi.org/10.1103/PhysRevLett.120.121801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.222003
https://doi.org/10.1103/PhysRevD.111.L051102

SMU

Ry = B(B: - J/pttv,)/ B(BE - J/$putv,) - Analysis

«10°% CMS Preliminary 59.8 fb' (13TeV)
L B B I L B B

£ 14F
9 ' ¢ Observed SB
[22] — -Dri k
*  The decay BY — J /1" v, was reconstructed from decays: J /1 — g2 12- ] gf“a Driven Jiy X bkg
+,,— £ e+ 0N\ 0 job [CBi=diyry
ppandt >t (4m)v, & 10

[ IB:~JwD”
* For the signal extraction, the possible hadronic T lepton 3-prong decay 8 [ ] B!— others

viatt - a,v, where a; — p° (- wtm)m* was exploited

* A maximum likelihood fit was performed using 1-dimensional unrolled
distribution of the invariant masses of two possible candidates for p°

. BCi —>]/1/),u+vu yield extracted in previous CMS publication was used to

normalize the R]/lp

0""5“”10”"1l5
Unrolled m(p1) V.S. m(p2) bin ID

Post-fit distributions of p°

Easwar A. Narayanan MoriondQCD2025
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SMU

Ryy = B(B: - J/pttv,)/ B(Bf - J/$putv,) - Results

R;/y(hadronic channel) = 1.01%33%

Combining with R; ,y, measured using leptonic channel,
Ry y = 0.49 £ 0.09(stat) + 0.25(sys)

CMS Preliminary
———

I S e e e e e
LHCb, Run1, 1,
Phys. Rev. Lett.

120 (2018) 121801

——

CMS, 2018, 1,
CMS-PAS-BPH-22-012

CMS, Run2, 1, .

CMS °
Combination

0 sSv 05 1 15

RJ/w
Consistent with SM prediction within 10 standard deviation

MoriondQCD2025 20
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Production Fractions of B-mesons (NEW) - f/f, and fs/f 4 Ry

«  Production fraction ratios (PFRs) are used in precision measurements of BR (e.g.,, B - utu™)

fs/fu

* fs/fa
« Used the dataset recorded in 2018 at+/s = 13 TeV corresponding to [ Ldt =41.6 fb!

*  First time at CMS - measurement using hadronic-open charm decays (B(s) = mD(s)) and combining the results with
charmonium channels allows the extraction of the PFRs in charmonium channels (B(s) — J /1 X) directly with an
absolute normalization

} A strong pr and a moderate /s dependence. A linear trend was observed by LHCb'2

s 0.4 — CMSPrehmmary 416fb(13TeV)
= - —e— Charmonium, tag-side 1 > 0-4_ """"" S I I I
W - = Hadronic open-charm . g i ——=— Charmonium, tag-side 1

- —=— HFLAV average for LEP i . —=— Hadronic open-charm -

03+ ——— LHCb: PRD 104 (2021) 032005 | 03 B —— CMS: PRL 131 (2023) 121901 |
L \d : : % Ll e :

- —— ] : P

0.2 - 7 02+ + i
0.17|l|1|w||||||w|\||||\||w|I||\|\...\7 01_ llllllllllllllllllllllllllll T

10 20 30 40 50 60 70 ' 10 20 30 40 50 60 70
p,[GeV] p.[GeV]
1. Phys Rev.D 104, 032005 Compatible with low pt dépendence, in tension with assumed linear trend

2. Phys. Rev. D 100, 031102(R)

Easwar A. Narayanan MoriondQCD2025 21



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102

Production Fractions of B-mesons (NEW) - f4/fu SMy

The PFR f4/fu, was also measured using open-charm and charmonium channels to test isospin invariance in

B-meson production
o . ;
CMS Preiiminary 416 15" (13 TeV) CMS Preliminary 416" (13 TeV)
S e L L :
= - —e— Tag-side charmonium - ‘ fa/fu
= 45L —=— Probe-side charmonium _| Hadronic open-charm —— 0.97£0.07
T F —— Hadronic open-charm -
B 7 Charmonium (tag) I B 0.98 +0.07
I i .
1 Wk+$ f* * + i Charmonium (probe) — 0.97 +0.06
I i Combined -— 0.98 £0.05
0.5 n ] CMS: PRL131(2023)121901 o 0.998+0.063
Ly b b b PR E—— F— P S E S S S L
10 20 30 40 50 60 0.8 0.9 1 1.1 1.2 1.3
p,[GeV] f/fy

No significant deviation from isospin invariance was observed within the precision of the data

1. Phys. Rev. D 104, 032005
2. Phys. Rev. D 100, 031102(R)
Easwar A. Narayanan
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102

SMU
2

e Exciting new results from ATLAS and CMS were presented
* So far, no significant deviations from SM predictions were found

Easwar A. Narayanan MoriondQCD2025 23
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BACKUP
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y WX Lifetime of B mesons — Effective Lifetime T and Decay Width I'y SMy

EXPERIMENT

“effective lifetime” since this measured quantity is attributed to heavy and light mass
eigenstates. In the absence of New Physics, 7. ~ T, average lifetime of B4 meson
given by 1/Ty4

= 1 1 (1+2Ay2+y2)
eff T ryt1-y2\ 144y /)’
Where
* [4=average decay width of light and heavy mass
eigenstates of B}
» y =difference of light and heavy mass eigenstates,
normalized to 24

* A= production rate asymmetry

The values for y and A were taken from HFlav?

1. Phys. Rev. D 107, 052008

Easwar A. Narayanan MoriondQCD2025
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052008

NI Lifetime Measurement of BY mesons - Systematic Uncertainties SMy

EXPERIMENT

Summary of systematic uncertainties assigned to the value of the B lifetime

Source of uncertainty Systematic uncertainty [ps]
ID alignment 0.00108

Choice of mass window 0.00104

Time efficiency 0.00130
Best-candidate selection 0.00041

Mass fit model 0.00152
Mass-time correlation 0.00229

Proper decay time fit model 0.00010
Conditional probability model 0.00070

Fit model test with pseudo-experiments 0.00002

Total 0.0035

Easwar A. Narayanan MoriondQCD2025 26




SMU

. . + -
LU production Cross-section of DT and D" Mesons — Fitting

* Theyields of D mesons were extracted by performing fits to the distributions of m,,,; in bins of pr and |n

* For reconstruction efficiencies, the signal yields in bins of pseudo-proper lifetimes were extracted and the resulting
distributions were fitted with templates from MC simulated events corresponding to prompt and non-prompt production

* The differential cross-section was obtained in each bin of pr and |n| by dividing the signal yields by integrated luminosity,
B(D*/DF - ¢p(— ptud)mt), bin width and reconstruction and selection efficiency and acceptance correction factors

Si

do | _ D*/D:
dprl; [ Ldrx C1 x B(D=/D¥ — ¢(up)n*) x Aipr
do Si)t DE
| = /D5
dinll; ~ [ Ldt x C/ x BD*/Di — ¢(un)m*) x M|

FT T T T T T
350 ATLAS - Data E

> > F 7
> ET E| > [} [} E B
= — r FATLAS Data 4
2 450F aTLAS = Dot 1 = 1e00 ATLAS = e 1 2 V13 Tev, 197 8° —Ft 1 2 % EVeratev, 13m0 o E
© 4000FVs=13 TeV, 137 fb™ —g'l E = F {s=13 TeV, 137 fb”! —Fit = 300F : .....Background ] < E : ... Background
- Ennorine e ackground E - e Background ~ F 12<p_<15 GeV h E ~ 300f60<p_<80 GeV h
— F 0.0<[n|<0.5 e DE E — 14002.0<n|<2.5 o DE P o T < D Signal Py F T wmee D Signal
» 3500F ; Signal — 12} E ; Signal z F ---.. D* Signal z = ----. D* Signal
z E -----D* Signal E € 1200 ----.D* Signal ik & 250 S 5441 = & 250 S da4+a7
2 E S, 3790 +130 3 2 Spe 2250150 4 i E D 998+ i E CIDpsey ]
> 3000F o e > G 3 w S, 998+ 51 w £ Sy 1288160 7
a E Sy 12800160 3 @000k Sy 6510170 ] 200 o; 200E- o; E
2500F E n fi E ]
2000F 3 F i 150;—+
1000 3 B E s0f-
500F = m F F
: E E E o] =N
- 27 1 i LT R L' = - = = E 4F + 3 E 4 +1
; f f 2y fobd © 2 +
o o
2 t — 2l t ] TR R R TUA TR Y SRR RITE I U
c#ﬁ" TR tr byt Hiib AR TN TR TINR R L8 ut | OF it P A O R R AU ﬂ+}+'ﬂ H
oF 1Tt H++T f TT+ ' G ANT RN i 72_1 T ++++11 Tt ; ERAULL R -2 h - of { ]
r -4 — B = ...
-4 L ) — = i = 700 1800 1900 2000 2100 2200 700 1800 1900 2000 2100 2200
700 1800 1900 2000 2100 2200 700 1800 1900 2000 2100 2200 My [MeV] M. [MeV]
My [MeV] Myr [MeV] o e

Easwar A. Narayanan
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Y(1S) Production In Association With a Z-boson - Results oy

The o,¢ was also measured differentially, in bins of

Y(1S)-meson and Z-boson pr , which makes this study unique to constrain double-parton distribution functions in
multiparton interactions!” including lattice calculations®° and large-momentum effective models?!

CMS Preliminary 138 b (13 TeV) CMS Preliminary 138 fb' (13 TeV)
E T T ‘ 1T I T 1T I 1T I T TT I LI I T T I T E TTT ‘ TTT ' T | T I TTT I TTT I 1T I TTT | T I T ' TTT I TTT I
£ , £ ,
A 102k O Measured per bin | A 107 ~- G, measured per bin __
s“’ : . Inclusive o ] 9” - Inclusive G ]

0 20 40 60 80 100 120 140 0 50 100 150 200
p!(® [GeV] P [GeV]

1 arXiv:1111.0469 6.  arXiv:2001.04256 11. arXiv:2305.09716

2. arXiv:2305.11106 7.  arXiv:2307.08883

3. arXiv:1708.03528 8. arXiv:2401.14855

4. arXiv:1702.00305 9.  arXiv:2304.12481

5. arXiv:2001.10428 10. arXiv:2306.01647
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Production Fractions of B-mesons (NEW) — Systematic Uncertainties oy

Source fo/ fu (%) fi/fqa (%)  falfu(%)
N,, N 422 422 —
Lifetime ratio 0.40 0.40 -
Branching fractions 5.36 4.03 5.46
Tracking efficiency 2.1 - 2.1
BDT performance 1.18 2.23 2.24
BY nonresonant component subt. 0.9 0.9 —
Total global systematic uncertainty 74 6.3 6.3
Statistical uncertainty in simulation ~ 1.7-3.1 2.2-3.7 2.1-3.6
Signal and background shapes 0.8-2.4 0.8-2.8 0.7-21
Reweighting in py and |y/| 0.0-1.4 0.0-1.6 0.1-1.1
Total systematic uncertainty < 8.7 <78 <78
Easwar A. Narayanan MoriondQCD2025 29
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