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Production Fraction Ratio (PFR) >

CMS-PAS-BPH-21-007 §

The Production fractions (f,, fg, f4)
* Probabilities for a b quark to hadronize into a B, B, B%meson

Production fraction ratio (PFR)

* Necessary input for branching fraction measurements of Bg channels
. +py=fu.__ Nsis  peps +y (BY)
B(Bs » pu) = fg N(Bt-J/wK) B(B* — J/¥K*) £(Bs)

 Systematics are dominated by the uncertainty of f, /f,,

a at —uty b B* — utv c BY & utus d BY — utu~
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CMS

Previous PFR measurements

CMS-PAS-BPH-21-007 §

'PRD 104 (2021) 032005

o 0.18

. . <J.l?f——-—:6‘—>.f,’ Ih I LH(ljb—E [J.I?-——:‘fl‘—)J.f ‘h . LHéb—
Previous measurements in LHCb & CMS e — Fit ’ LN I b ’ v
* LHCb has measured PFRs in many different channels S, 1w ;
0125 3 :-:ﬁ%lt%:p__e__'

- Measurements performed in the forward rapidity region(2 <y < 4.5) b : ] W

P [GeVie] P, [GeVie]

* CMS only had the result which uses charmonium channels

- This only can be a relative measurement as B(B; — J/W®) is dependent
on the previous measurement of fg/ f4

- B>DuX  LHCb]

» Measure PFRs in open-charm decays first time at CMS
« B > nEDO(k*n),B? - n*Dy (nm(K*K™)), B » n* D~ (K n")

« BY - n*Dy branching fraction is theoretically well understood

PRL 131 (2023) 121901

o cMS
o L=6161f"
++é‘ H*é-é Vs =13 TeV
012 -

01 -

L ¢ CMS data; Iyl <2.4
- —Average for p, > 18 GeV 12<p <70GeV
ool § LHCbdata;2<y<45 -

“ p,(Gev) * o T
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pt dependence of PFRs

PRL 124 (2020) 122002

0 T T T 03 T T T
LHCb has continuously seen py dependence of f./ fy: e Dutron e ] e B
| - Flpaye e | 0.2s] 4 5=13TeV -
« f,/f4(pr, 13 TeV) = (0.263 + 0.008) + ((-17.6 + 2.1)x 10™*%) - py - N ]
. . epe . . s 2 1 2 oneld gt ]
 With a significance of 6.00 with respect to the constant hypothesis P — = :
024 g SOOI 1 _ ok [ ]
OIIfIZIﬂJIl')4:f] Ollﬂ2ll'!3lﬂ4:f]
Previous CMS study has also seen the pt dependence of f,/ f,, in low pr PRIGeV Py (Gevie
0.3 T T T 0.3 T T T
* The trend is consistent with LHCb measurement, but not linear LHCb LHCh average -10) [ LHCD LHCD average <10) |
@ e 1 s @ Pt
 Asymptotically constant at large pr (pt > 18 GeV) S o I < e ]
024 e === 1 T o .
No rapidity dependence is observed both in LHCb and CMS e , , N , ]
0 200 Pf Ié:?{k] 600 2 4na 6
PRL 131 (2023) 121901
» Test the dependency of PFRs on p < [ oms
o l L=61.6f"
4y gy {5=13TeV
012/ 4%47 -

¢ CMS data; Iyl <2.4
— Average for p_> 18 GeV 12 < p < 70 GeV
oo8~ ¢ LHCbdata;2<y<4.5 -
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CMS

B parking dataset during Run 2 vrspas 1007 |

CMS introduced a new trigger strategy, "data parking," for B physics studies
* Data parking stores full event content for later reconstruction A . parknG

-, #..,8 few 1000 events/second

e Data parking dedicated to B physics first introduced in 2018 R dtayed avaitaity for anayss

10 billions of unbiased B events collected during Run 2 =S4 5. SCOUTING
* Purity ~ 75% / /
* Access to decay modes down to O(10~7) branching fraction
« L=41.6/fb izt il
Trigger strategy: },li
* B hadrons travel before decaying, producing displaced secondary vertices , T
* Triggers select one single displaced muon from one B hadron (tag side) : 3 7'l:*/v

* The opposite B hadron (probe side) remains unbiased

% unbiase

other side B
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Analysis Strategy

Channels
* Open-charm decays:
- B* -5 n*DO(K*n7),BY - n* Dy (n”(K*K™)),B® - n*D~ (Kt n")
- Using probe-side
e Charmonium decays:
- B* > J/P(1S)KE, B = J/¥(1S)d(— KK), B® - J/W(1S)K* (= Km)
- Using both probe and tag side

What to measure:
1. The measurement of absolute PFRs, f/f,, and fy/f4 using open-charm
- First at CMS
2. Dependency test of fi/f, and f /f4 using charmonium
- Through the relative PFR, R, and R4
3. Measurement of f4/f,, using both channels
- Explicit measurement without assuming isospin invariance

4. Measurement of the normalization from Charmonium (R and RY) to
hadronic open-charm (fi/f,, and f,/f,)

- Cgy and Cgq
- Global constant independent of p; dependence of PFRs

CMS-PAS-BPH-21-007 §

b < < c
\ p
u,d, s > u,d, s

(a) Open-charm decays

J/\IJ

K+ K*( I
u,d, s > u, d S

(b) Charmonium decays
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CMS

Open-charm - Absolute PFR measurement vt pas-apra1o00 ]

Channels: Inputs Description Value
« Bt 5> n*DO(K*n™) The difference in phase
0 + ( + ) Des space of two channels 1.003 [PDE]
e B » n"Dg(m™@(KTK™)
S S
. 0 5 ntD— (K =11~ V.If Product of CKM matrix
B n DT (KTnnT) |V“S|f‘< and decay constant 0.2768 [PRD 100 (2019) 034514]
IVualfr ratios
Key Equation: Tgo/Tpo gﬁe;me;g‘“ between | 4 102 + 0.003 [HFLAV]
S
. f B(B-ntD™) | B(D =K ™ n™) Ngorr(BY) The ratio of correction 1.0048+0004¢
= - - _ 1/N accounting for non- i -
f B(B2-ntDZ) B(D KtK~)) N BO a
d (Bs—=mTDg) B(Dg—= 1™ ¢( )) Neorr(BY) tactorizable effect [EPJC 80 (2020) 347 and 951]
_|B(B°->K*D)[BB%>ntD™) | B(D -Ktn™m™) Neorr(BY) 1N The ratio of form 1.002 + 0.042
- B(B2—>1T+DS_) B(BO—»K+D~) |B(D5 - M~ @(K*+K™)) Neorr(B®) F factors [EPJC 80 (2020) 347 and 951]
Ve |2 (£\2 tg0 1 B(BO-ntD~ “oKtnmT 9
— Yus (_K) B n )| B >K"™n"m") Ncorr(Bs)
P [Vual \fr) 50 NaNg[B(BO~K*D™)[B(D;~ m~@(K*K)) Neorr (BO)

Prediction of B(B? - K*D™)/B(B? — w*D;) with external theory inputs
1) B(B? - n*Dy) also dominated by LHCb studies (and dependent on f,/ f3)
2) B(B0 — K*D™) has a more theoretically clean prediction than B? — nttD~, but Cabibbo-suppressed
3) N(B? - m*D~) used as a proxy to improve statistics
= B(B° - K*D7)/B(B% - n*D™) = 0.0819 + 0.0020, measured with a good precision
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Selection criteria

Tracks
 pr>1GeV, |n| <2.4, |Az(trk, trg n)| < 0.5cm, DCA significance > 1
D @ * AR(trk, trg u) > 0.4, probe side selection
. _B_ e Each track is considered either K or 1t (mass assignment)
— B 7 Tertiary vertex (D°, D, D7) - BT, BY:
n_- *  Prob(TV) > 0.01, Lyy significance > 5 ) |m(TV) - m(D)| <20 MeV
: * Leading track pt > 1.5 GeV -
Tertiary verotex(TV) : & PT = Im(TV) - m(D)] < 15 MeV
2-prong (D™ — Km) Secondary vertex (B, Bg, BO) - |m(KtK™) - m(d)| < 10 MeV

3-prong (D = 1 ¢(KK), D™ — Kmm) e cosa 2D >0.999, Ly, significance > 7

e pr of track directly from B > 1.5 GeV
* In B, background subtraction is performed in m(K*K™) to reject non-¢ resonance

B+
BDT is trained for the further optimization of S/vS + B = §i3?:gif5i§d92§5ciencv @
* BDT threshold is chosen to maximize the S/vS + B E E E

1150

—
o
o

Significance

Only the right sideband, dominated by combinatorial background is considered

150

* Dominant background in signal region
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Signal Extraction

B* BY

R ><|10|3 CM.'E;I e ‘41‘.6‘fb’1‘(1‘3TleV‘) . ' CMSI I N '41|.6Ifb"'(1‘3'l"eV)

© - 1 Data 7 9 L T Data |
o © 60

2 1P (13.0,180) Signal + Background | 8 - P, (18.0,230)  ___ gignal + Background -

= - 1y1€(0.00,225)  — B'»n'D_ ] S " lyl€(0.00,2.25) —— BlsmiD; ]

% - XYNDF=1.024 ~—— B'>K'D . > 40 —xYNDF=1.190 —— BJ—K'D; —

& 5 B*—D + hadrons 7 = B B2—D; + hadrons ]

b 0.5 —— Comb. bkgd. B 5 f —— Comb. bkgd. i

] 20 j ]

e e 1 \-;lg LR . A N : ———— 1 \'-L.LLJYHL Lilu NAL Jo hl lh l_l

= 4 ¢ 7 = 4 7

n:_J 0 i{* 5 ,1{ h I hl* i IIIH RIS ki *1 b i 4 hl {111 ! HI 1588 D:_j 0 & {'11”11 LI ll“l {'ll Ll* { o8 l { { e H’ ‘ {' r{. Hlv Hlv[ “

i i t{' frey ; { ”“ e tf{{f t§t 43 “ ¥ 1¥ 15223413 q I{,HE d 1, 133221 . § u i oy E

-4 5.2 5.3 5.4 55 5.6 ni 5.3 5.4 55 5.6 5.7

M(K*t*) - M(K*) + M(D°)[GeV] M(K'Kmn*) - M(K'K=) + M(D )[GeV]

—~

Events / ( 0.006

Pull

CMS
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BO

CMS . 4161'(13TeV)

300 — I Data 8
- P €(280,330)  ___ gjgnal + Background -

- ly| €(0.00,2.25) —— B’>g'D’ ]
200 — O_K*D’ u
. x?/NDF = 0.916 —— B =KD .

i B°—D + hadrons ]

- — Comb. bkgd. .

100 — B

0k 7 {1 R m i M by gt W4 1} Hegdhid, b {lm,L, INE
t t tH A AR 3] S Frv iy Tt

52 53 5.4 55 56
MK'Tret) - M(K*m) + M(D)[GeV]

Fit is done on the invariant mass distribution of B candidates, corrected by M(D,,4) - M(D¢ye) to improve the resolution

PDF(x) §{ N

primary (m

f

x —u)? —
.exp(_%( z‘u) )+01\/2f_n

2

1(x—p)?

) Signal

5

+HRg,~-N

) 1

1 —1
primary ,"L\/2_rf VO + (51y2) exp(—5 (7 +dsinh- (T))z)

Bkg— B — KD

+N

partial reco

erf( X1,

Ncombinatorial -exp(b- x)

Bkg — combinatorial

8/26/2025

Open-charm analysis

Source Function Constraint
Signal Double Gaussian  Gaussian
Cabibbo-supp bkg. Johnson Gaussian
Partially rec. bkg. Error function Free
Combinatorial Exponent Free

7t /K swap bkg. -
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Charmonium — p dependence

Channels:
« Bf > J/¥(1S)K*
* Bs - J/¥Y(1S)¢p(— KK)
« B% - J/¥P(1S)K*(~ Kn)

Measure the relative efficiency-corrected yield R to test the dependency of PFRs on py :
g

B(BE-]/W(1S)KE)  Ngo' '

B(BO-]/W(1S)K*(=Km)) NF™

* fa/fu=

R, RY cannot be directly connected to PFR as B(B; — J/W &) contains f, /f,,
* Only can determine a trend in p or rapidity

Conversion from R, R to f, /f,, f,/f, is derived using hadronic open-charm channel yields

8/26/2025 Lepton-Photon 2025


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-007/index.html

Selection criteria

Events

CMS
CMS-PAS-BPH-21-007 §

Classified as tag or probe depending on whether a muon from the B decay of interest fired the corresponding trigger

) g,’B‘

1l

J/v—H
vl

Tracks :
BT K,
BY: ¢ - KK~
B%: K* - K*tn~

Secondary vertex (B ,B? ,B?)

Lyy significance > 4.0, Prob(SV) > 0.07, cosa 2D > 0.997 * B{:

J/W¥ mass constraint

8/26/2025

Muons
35 : In] <1.1

1.5 —-3.5
((1_5_1_1)) c(nl =11 :11<|n| <15

1.5 :1.5<|n| <2.4

s PT > 35 +

Tracks
* leading pt 0.85 < GeV, subleading pt 0.6 < GeV, |n| < 2.4.
For BT ,only the leading cut is applied

For K* in B? ,only the combination with the mass closest to the nominal K* mass

Mass windows:

- |m(KTK™) - m(d)]| <10 MeV

- |m(KTrt™) - m(K*(892))| > 50 MeV
« BO:

- |m(K*nt™) - m(K*(892))| <50 MeV

- |m(KTKT) - m(d)| > 10 MeV
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Signal Extraction

B+

CcMSs 4 6o (13 TeV)
v 400 — —
S 300 L Signal + Background |Y| € (0 2 25) ]
- F—— B'oJiy K x?/NDF =1.01
2 N N
$ 200 -
> o
w N
100 —

= 4 : :
& 0 B bl b o +m pought bt s tobat b
§‘+* R TR T W R TTRTT T ‘+ t mﬁﬁ *+ ”W ki +*+ +* +”+

5.2 5.3

5.4 5.5

M(J/¥ K*) [GeV]

Signal (including n/K-swap in B?)

BO

S
CMS 416" (13Tev)
% 40i1 pe(130 18.0) A
g 1 Dam yle(0,225) ]
~ 30 Signal + Background ¥¥NDF =1.12 -
g T — B—~Jv ¢ ]
£ 20 =—— Comb. bkgd. E
10 —
s 4 AT, ; ottt e ' "
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Charmonium analysis
Source Function Constraint
Signal Johnson u, A: Free;
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Cabibbo-supp bkg.  Crystal Ball Fixed
+ Gaussian
Partially rec. bkg. Error function Free
Combinatorial Exponent Free
7t /K swap (signal) Johnson Fixed
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Absolute PFR measurement

Determined using Hadronic open-charm decays =
It shows little indication of either linear pt or
|ly| dependency of the PFR
* pr € [8,60] GeV and |y| € [0.0, 2.25]
() is added to show that f,/ f, and f./ f are
potentially affected by the pt dependence -
* Previous CMS & LHCb studies :\:j,
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Relative PFR measurement: R, R

Determined using Charmonium decays

Results from tag and probe-side events are consistent
* No rapidity dependence observed

( ) indicates that R,and RY are potentially affected
by the pt dependence

e This does not impact the determination of the trend

- pt and rapidity independent within the
kinematic region of this study
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Relative PFR measurement: R, comparison

Comparison with previous measurements

* There is overlap in data between this and previous CMS study CMS 416 b (13 TeV)
° High pT (pT > 18 GeV) mu) 0.2 L B L A B |_I_|a.|g|-|SI|d|e|e|V|e|n‘i:S| LU O B Y B B B
- All results are consistent

—=— Probe-side events i
—— CMS: PRL 131 (2023) 121901 _

Re-confirm the asymptotical flatness in pp > 18 GeV

0.15 —— LHCb: PRL 124 (2020) 122002 —

+ Low pr (pr < 18 GeV) S . -
- vs Previous CMS: 2.1 o deviation (upper bound) i ‘H‘t $ + & |

o From 12 to 18 GeV 01+ #L —

- vs LHCb: lessthan2 o i ]

- Not exclude non-linear pt dependence of PFR - .
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fq/f, measurement

f4 and f, are generally assumed to be equal
« Good assumption in case of ete™ collisions (isospin singlet)
* not necessarily apply in case of hadron colliders (isospin triplet)

—-B*B~
P28 8 ) — 1.057 + 0.023 [PRD 110 (2024) 914997]

. ,+0 _ B~
B(Y (4s)—BOBO)

Explicitly measure the f;/f, at hadron colliders
* Need to cancel out all the assumptions on isospin variance in external inputs
« Bt > ntD°(K*n™), B® - n*D~(K*'n"n), B - J/W(1S)K*
- rt9=1.058 4+ 0.024
« BY > J/¥Y(1S)K*(- Kn)

_ Tr+0 =1

The f4/f, measurement
» fy/f, (hadronic) =0.967 £ 0.014 (stat) + 0.063 (syst)
» f4/f, (charmonium, tag) = 0.984 + 0.005 (stat) + 0.055 (syst)

» f4/f, (charmonium, probe) = 0.973 £ 0.007 (stat) + 0.058 (syst)
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CMS

fd/ fu measurement CMS-PAS-BPH-21-007 |

-1
Combined fit on hadronic open-charm and charmonium CMS . AT~ fb‘ (13 TeV)
* Correlations within each analysis _
_ _ Hadronic open-charm o 0.967 £0.065
- Branching fractions
- BDT efficiency Charmonium (tag) I N 0.984 + 0.055
* Correlation between two analysis
- Tracking efficiency Charmonium (probe) e 0.973+£0.058
- r*t0=1.0574+0.023 Combined
ombine -~ 0.975+0.046
« f4q/f, =0.975 £ 0.046
CMS: PRL131(2023)121901 0.998 £ 0.063
TR R R N I TR B S S T T T S SO R SO RO R R
The f4/f, value is consistent with unity within a 4.6% precision 0.8 0.9 1 1.1 1.2 1.3
e Supporting isospin invariance in B meson production at hadron fd/fu

colliders
* Previous CMS: f4/f, =0.998 + 0.063
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Conversion of R to PFR

Connection from B — J /W to B — D is determined with a precision comparable with PDG

* prt dependence effect is canceled out in the double ratio, cgq and cg,

It gives the conversion factor from R to f,/f 4

Csq = fs/ fq (open-charm)/ RY (charmonium)

=P, - |ﬁ|2, (3)2 ' TR0 . 1 _ B(BO N 7T+D_)
PS Vud fr[ TBQ NHNF B(BO — K—|-D_)

BD” K ) Ny(BU = D5) Ny (BY = J/p(15)K" (892))
BD; > ¢)  New(B? = 1/9(15)9)  Neppr(BY = 77D

= 1.684 +0.097 £ 0.107 = 1.684 £ 0.144

Cy = fo/ fy (open-charm)/ R, (charmonium)
V.. .. (3)2 g 1  B(B* - xtDY)
V.4 < Tgo N,Np B(BY— K*D~)
S
B(D’ = K*f™) Ny (B* = 717D°%) N, (B — J/p(1S)K™)

B(Ds = = ¢)  Neoy (B = J/p(15)9)  Negyy (B= — 77D0)
= 2.075 £ 0.115 £ 0.153 = 2.075 £ 0.191

:(I)PS'|
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Conversion of R to PFR

The relative PFR measurement in charmonium channels is
converted into the absolute PFR

The LHCb trend and all CMS measurements are consistent in low P
* The pt dependence at low pr still holds
- fs/fq at LHCb : 0.2539 + 0.0079 (13 TeV)
o pr € [1.5,40] GeV

* The pt dependence flatten out in high pt (pt > 18 GeV)
* Consistent with fy/f4 at LEP : 0.249 + 0.023
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Summary

Absolute normalization of B Production fraction ratio is first measured in CMS
 From probe-side events of 2018 B parking data sample (41.6 fb™1)

The test of pr dependency of the PFRs is performed
* Re-confirmed that there is no global linear p trend of PFR
- Flat over pt > 18 GeV
* No statistically significant dependence on B meson kinematics
- Consistent with LHCb trend and the previous CMS measurement in low pt
- Non-linear pt dependence of PFR still holds

The f /f, measurement is performed in proton-proton collisions
* The fy/f, value is consistent with unity within a 4.6% precision

The conversion factor from the efficiency-corrected yield ratio R to PFR is derived for the first time

* Variables independent of pr-dependence of PFRs
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Back up
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B Physics at CMS

Compact Muon Solenoid (CMS) is one of general-purpose detector at LHC

* Not originally designed for flavor physics in mind CMS DETECTOR EEL RETURN YOKE
 But can be competitive in several measurements Overal dmeter - 160m e St (100N130 ) 19 12408 hanals

Overall length :28.7m

d ue tO ces Magnetic field :3.8T

Microstrips (80-180 um) ~200 m* ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000 A

» Excellent solid angle coverage

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

> State-of-the-art all-silicon tracker

PRESHOWER
Silicon strips ~16 m* ~137,000 channels

- Provides high-precision vertex reconstruction

| FORWARD CALORIMETER
" Steel + Quartz fibres ~2,000 Channels

> Strong magnetic field (3.8 T) \
- Enables precise momentum measurements

» Redundant detector systems

CRYSTAL
ELECTROMAGNETIC

- Ensures reliable muon identification CALORIMETER (ECAL)

~76,000 scintillating Pb(WO, crystals

v

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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Data parking at CMS

Detector High-Level Dats
Trigger

L1 trigger

collisions Analysis

40,000,000 100,000 1,000 Standard Stream:

events/sec events/sec events/sec ° ~1KHz
* Full event content

* 0O(1s) processing time

CMS introduced a new trigger strategy, "data parking," for B physics studies Parking Stream:

* The main computational bottleneck occurs after HLT during data processing e ~3KHz

* Decision time at different trigger levels: * Full event content
- L1:~3.2ups * Reconstruct later
- HLT:~ 300 ms

- Prompt reconstruction: ~ O(1s)
* Data parking stores full event content after for later reconstruction

8/26/2025 Lepton-Photon 2025



B parking triggers at CMS in Run 2

PoS LHCP2019, 210 (2019)

g b RS 1112110 - b
Y

g b USRS I1 12110 > b

(a) flavour creation (s-channel) (b) flavour creation (t-channel)

g L % unbiased
: i other side B
g 9 g g tagged B

(c¢) gluon splitting (d) Havour excitation

Bottom quarks are always produced in pair (bb)
* Most originate from flavor creation (gg — bb) and back-to-back

B hadrons travel before decaying, producing displaced secondary vertices
* Triggers select one single displaced muon from one B hadron (tag side)
* The opposite B hadron (probe side) remains unbiased
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DE

B parking dataset :
* Run 2 pre-UL MINIAOD samples are used

» /ParkingBPHxx/Run2018yy-05May2019-v1/MINIAOD
* xx=1-6, yy=A,B,C,D

Trigger Lumi column (103*cm=2s71) | Integrated Luminosity (fb~1)
HLT _Mul2_IP6 0.9 34.7
HLT _Mu9_IP6 1.3 33.6
HLT_Mu9_IP5 1.5 20.9
HLT _Mu7_IP4 1.7 6.94

e Combination of all 4 Single displaced muon triggers
- These triggers are “nested”, with successively lower thresholds towards end of runs
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Hadronic Open-charm: MC samples

MC samples:
* Single muon filter: pp(n) > 5 GeV, |n| < 2.5
* 3 central MC samples per channel:
1) Require B hadron decay (B — mD) with the muon filter
2) Require B hadron decay (B — mD) without the muon filter (filter efficiency)
3) Require B hadron decay (B — KD) with the muon filter (background)

Dataset name

Events

BuToD0BarPi_D0BarToKPi_MuFilter_TuneCP5_13TeV_pythia8-evtgen
BsToDsPiDsToPhiPi_PhiToKEK _MuFilter_TuneCP5_13TeV _pythiaS8-evtgen
BOToDPi_DToKPiPi MuFilter_TuneCP5_13TeV_pythiaS-evtgen

20M

BuToD0BarPi_DOBarToKPi_noMuFilter_TuneCP5_13TeV_pythia8-evitgen
BsToDsPiDsToPhiPi_PhiToKEK_noMuFilter_TuneCP5_13TeV_pythia8-evtgen

BOToDFi_DToKFiPi_noMuFilter_TuneCP5_13TeV_pythia8-evtgen

2M

BuToD0BarK_DOBarToKPi_MuFilter_TuneCP5_13TeV_pythiaS-evtgen
BsToDsK_DsToPhiPi_PhiToKK_MuFilter_TuneCP5_13TeV_pythia8-evigen
BOToDK_DToKPiPi_MuFilter_TuneCP5_13TeV_pythia8-evtgen

10M

Table 2: List of all simulated samples{privately produced samples).
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Hadronic Open-charm: PFR measurement

The unprecedented size of B parking data sample gives us a
room to measure the PFR in rare decay channels

- Br(B* » n*D°(K*n")) = 1.85 x 107
* Br(B? » n*Dy (K*K™n™)) = 1.62 x 1074 u
+ Br(B® -» K*D~(K*tnn")) = 1.74 x 1075 AWS\P d/s

« Assuming the selection efficiency of 1-2%, we can have BY

— K* D~ events of 0(1000) b C
Why B® - K*D~, not B® » n*tD~? d d
° 0 +n—. - i -
B™ = K"D™ : Double-Cabibbo-suppressed (a) Leading Cabibbo suppressed diagram of B® - K*D~/
« B% - ™D~ : Single-Cabibbo-suppressed B° —» ™D~ decays _
« However, because both d and d in the final state of B - ¥ D~ C
decay, there’s a subleading annihilation diagram contributing to d
large uncertainties due to its endpoint divergence
[https://arxiv.org/abs/2007.10338] E g
« BY - K™D~ has more theoretically clean prediction —
W d
d u

(b) Subleading annihilation diagram of B® —» ntD~
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Hadronic Open-charm: External inputs

8/26/2025

Input variable Value Reference
Dpg 1.02788 +0.00014  PDG [8]; Ref. [32], Eq. (7)
%% 0.27683 £ 0.00035  Ref. [33], Eq. (107)
A

% 1.0017 £ 0.0034 HFLAV [11]

Bg

N 1.004812:00% Ref. [32], Eq. (20)
— 1.002 £ 0.042 Ref. [32], Eq. (16)
B(BO—=atD) _

BBISKFD) 0.0819 = 0.0020 PDG [8]
B(D™ —-Ktnn) 0.0938 = 0.0016 PDG [8]
B(MD; - n-¢)B(p - KTK~)  0.0221+0.0006 PDG [8]
BBt — D" (4.61 £0.10) x 10° PDG [8]

BB — ntD") (2.51£0.08) x 10> PDG [8]
B([D—K-nt) 0.03947 +0.00030  PDG [8]
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MVA performance

BDT is trained for the further optimization of S/+/S + B

« MC samples are weighted by the yields extracted after the

pre-selection

Only the right sideband, dominated by combinatorial

background is considered

BDT threshold is chosen to maximize the S/vS + B

B +
BT ifs rained oy the funthesr cphimiratinn Jr /NS + 1B

= DE s RS afiee W e iy the W R s extrianted aftes the
pessslr@iRgh

sirhRRd, deninahed by conbinraeiall

@iy e
g i coEdrRd

BT theshilis dressmte masimire e SNS H 1B

8/26/2025

Signal region

Sideband

BT | (5.20,5.35) GeV

(5.40, 5.55) GeV

BY | (5.30,545) GeV

(5.50, 5.65) GeV

B' | (5.20,5.35) GeV

(5.40, 5.55) GeV

Variable Description
trkN_DCASig Significance of the closest approach of each track to the primary vertex.
N=1,23forB*, and N=1,2,3,4 for BY, B".
BCand _cos2D cosine of the angle between L, (S5V) and p(B)

BCand 1 xy sig

transverse flight distance between the secondary vertex and the primary vertex.

BCand_svprob

X~ probability of the secondary vertex.

DCand 1 xy sig

transverse flight distance between the secondary vertex and the primary vertex.

DCand_svprob x” probability of the tertiary vertex.

DCand_mass

invariant mass of D meson candidate before kinematic fitting.

KKMass

Only given in B channel.

invariant mass of ¢(— K*K~) candidate before kinematic fitting.

— signal efficiency

—— Background efficiency

B? BO
| —‘S/\fS+B 1 |

— signal efficiency
—— Background efficiency

w
w

1.0

10

w
o

1100

180

Significance

{60
{40

~1ag

0.8 25 0.8
(9]

> o >
2 120 & 2
306 { & 206
= —15% &

041 0.4

{10
0.0 0 0.0 : . : . . :
-2.0 0.5 -10 -8 -6 -4 -2 0 2 4 6 8
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Non-¢ resonant background subtraction in B;

PRD 83 052001

—e— Squared P-wave amplitude ]| 25000 — —e— Squared S-wave amplitude |

B? —» n*D; (n~@(KTK™)) reconstruction

« Background from B® - n* D~ (K*n~n") is rejected by the
narrow @ mass window (10 MeV)

—— Breit-Wigner parametrization - L —— Breit-Wigner parametrization |

20000 —

Non-@ resonant background from D decay (S-wave) in the mass E
window need to be subtracted | .
» Well investigated in the BABAR’s Dalitz analysis [PRD 83 052001] S e e e R TR T JEX IR At avrss
« S-wave/(S-wave + P-wave) in 1019.456 + 10 MeV of m(KTK™) | meoe | e
P-wave parameterization S-wave parameterization

- 5.58 + 1.03 % in this analysis
- 5.6 + 0.9 % in BaBar’s Dalitz analysis

— 400 [T T T T T T T T
§ E —#— Data ]
g 350 — —Signal+Background —
% 300:, —— S-wave contribution
S-wave contribution subtracted using sPlot technique L i
F |/ |i i N 7
sk v H u.lu E
r j g I i"‘n‘
150 ; /“:«“:' I|‘\i:\:‘1 1
100; /W/ \\\ 7
- P %
= Mty .

e e e e e e e e e e e e
?.01 1.012 1.014 1.016 1.018 1.02 1.022 1.024 1.026 1.028 1.03
m(K'K)[GeV]

Fitted m(K™K™) distribution in data
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Hadronic Open-charm: B® contribution in BY

8/26/2025

x1 03 {13 TeV) Run-2 (13 TeV) Run-2
w T T T T T T T T T T T T T T T T T T T —] w T T T T T

g oms | ] <200~ cms | ]
LI>.I 25 :_ Simulation _: Lﬁ 180 :_ Simulation _:
160 |- =

2r B 140 - =

B i 120 |- =

1.5 — — C 4

i i 100 - ]

i i 80 = -

U ] r ]

: . 60 [ ]

0.5 - . 40 - :

- j 20 =
oLl : Ll ] of A R B B ‘S
09 095 1 105 11 115 12 1 12 14 16 18 2
m(K'K )[GeV] MK igenttiea) [GEV]

(a) The invariant mass distribution of (b) The invariant mass distribution of

KK~ in B! — n*D; (— m~¢(— KtK~)) K7~ with 1~ assigned with kaon mass
inB - D~ (= K¥tn—77)
Figure 1: The performance of ¢ mass window is tested with two simulated samples, BY —
ntD; (— n~¢(— KtK~)) and B® — ntD~(— K+*n~7~). The red-filled area is ¢ mass
window of [m, —m(K*K™)| < 10MeV. Because the invariant mass distribution of D~ —
K*7m~7m~ decays with one 71~ assigned with K mass is shifted to the right side, falling in
the narrow mass window of D decay, ¢ mass window is also required to reject B-related
background in BY peak. The selection efficiencies are €. ~ 83.4% for B! — n+D7, and ey, ~
0.41% for B® — D~ after the cut-based selection.
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Efficiency determination

- 1
The efficiencies for three channels are determined §
with single p filter MC sample 2 o
L
* Single u filter which requires a pt(p) > 6 GeV to
guarantee a trigger muon 10°2
* Filter efficiencies are not included in final results as
these are canceled out in the PFR 1073
MC samples are reweighted to Data o
* To match pt and rapidity distribution 30.09
* The weights wy;, = % extracted from each channel 0.08
bin
are parameterized and assigned to each event 007
0.06
0.05
Trigger efficiency is canceled out in the efficiency ratio o
0.038
* Probe side is minimally biased by trigger effect o2
e Confirmed that trigger SF in data and MC are consistent 0.01
in each HLT path .
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(13 TeV) Run-2
T T ' L I L B
; CMS ' B'—m'D (—K'T) .
[ Simulation B sn+D (- d(—KK))]
L —— B>n'D(—K'nn)
P T BT I B S S

10 20 30 40 50
p,[GeV]

Total efficiency in pt

:\ LI T rTrrrT T T ‘ T 1T [ LI N B I I | .
; —a— Data w/ bkg subtraction é
; —#— MC w/ |y| reweighted to Data ;
S e -
S E
C —= J
Ol 1 1 [HT I I R Y R SO N N B RO L

10 20 30 40 50 60
p [GeV]

B* Datavs MCin py
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Efficiency

1 (13 TeV) Run-2

Fr 2 T T L L
B CMS B*%n*ﬁo(—%*n')

- Simulation B nD (-1 o(—K'K))]
1071k —— B>n'D(=K'nr)
102" ° o . . E
1 0—3 M I M I

0 0.5 1 1.5 2

ly|
Total efficiency in |y|

_I TT | TTT I TTT I TTT } TTT } TTT } TTTTTT l TTrT[rTIT [ TTT[TTIT L

1.4
= —a— Data w/ bkg subtraction -
12 - e .
: —a— MC w/pv reweighted to Data :
- A
[ ]
e ] -
08— —
[ == ]
0.6 - .

g

0.4 N e -
.
7| L1 | L1l | L1l | 111 ‘ 111 ‘ ‘ 111 | 11 1 ‘ 11 1 | \7

0 02040608 1 12141618 2 22 24

Iyl
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Hadronic Open-charm : Filter Efficiency

eI (13 Tav) . BT (13 Tav)
= =, 10 -
= CcmS Bk = CMS N,
3 Preliminary BTl {—=K'x) 2 Preliminary B D (—=K"w)
= 107 . - — . .
o 0 B amt D ol — KK ) o Bl st D e =K K
Blon D (—K'x ) Bl D (—K'xr)
i ' 10+
+——1 t ¢ : § $ t
'
i
10°% '
. g
=
10 20 a0 40 B0 B0 0 02 04 06 0B 1 12 14 16 1B 2 22
||

p,(GeV]

(a) pr bins (b) |y| bins
Figure 13: Probe filter efficiency in each channel in py and |y| bins in pr € [8,60) GeV and
ly| € [0.0,2.25).
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Hadronic Open-charm: MC reweighting

 MC samples are reweighted to bkg subtracted Data
__ Datapjp

Wphin = MCpip,

e 10 binsinprand 7 binsin |y]|

* The uncertainties in pt or |y| bins are assigned as the difference in the efficiency between each channel before and after
reweighting in |y| or p, respectively

R N e e R

s 04

T e e 04 — T g 5 [ e e

u

u.

u
U,

0.09 7 —e— Dataw/ bikg sublraction 5 < 14 —e— Dataw big sublraction (n_og - —— Data wi bk sublraction | 14 L —e— Daia wi bk subiraction 3 (n_ng = —e— Data w! bikg subtraction —: < 14 L —s— Data w! bikg subtraction ]
0.08 [ e = 12} e ] 0.08 |- — e 1 12 — e | 0.08 - — v 1 12
F +— MC Wiyl eweighted to Data 3 L +— MCWip_ reweighted o Data ] E o MGy roweighted o Data B [ o MOWp, rewsightsd o Data ] E o+ MCw ) reweighted o Daa 1 [ o MOwWp, reweighiedto Date
0.07 F 3 . 0.07 | W | 0.07 ;
E 3 C ] E ] ’I T— ] £ | " ]
006 = 4t = e 1 006 | | F ] 006 - Fe e i
E ] 08— . — E + E| 0.8 o — E | 08— + —
0.05 - . = F e 1 0.05 [ 14 ] 3 0.05 - + = s |
E o 3 e —— | [ ] + 3 N ]
0.04E E 06 | . 004 = [ ! E u.s:— i ] 004 C 4 e E 06| — =
0.03 - . = 0.03 [ =] F : ] 0035  + ] = E 1
£ == 3 0.4 . F oo * 3 04— . — E . 3 0.4 — . —
002 - S 3 [ ¢ ] 002 .. =+ 1 4= ‘ 0oz + —— E
F . ] 02 . J F ] 02| 3 F : 1 02 -
0.01 = t _ 001[ ‘ . | —_— 001" . . ] : |
Py T R SN A RS R Py P T T T T U RS I I P N IR AP AVAVEPIPIN FUPSTIN ISR W | P F TR N T PURE FRTY ST FURY FRT AT b Py T S AN AVITEPN PPN IR B P FE Y ETTA T PR EUTY SN PR FUTY SN SRTR PYRA b
10 20 30 40 50 60 0 02040608 1 12141618 2 22 24 10 20 30 40 50 60 0 02040608 1 12141618 2 2224 10 20 30 40 50 60 0 02040608 1 12141618 2 22 24
p,[GeV] Iyl p,[GeV] Iyl p,[GeV] Iy|

(@) MC vs bkg subt. Data (b) MC vs bkg subt. Data (@) MC vs bkg subt. Data (b) MC vs bkg subt. Data (a) MC vs bkg subt. Data (b) MC vs bkg subt. Data
in pr in |yl inpr in |yl in pr in |yl
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Hadronic Open-charm: Weights parameterization

W = 0.1940 + 0.0520*[pT] — 0.0005*[pT]"2
B*t B? BY

o 2 o 2 o 2
S e 2 s
@ 1.8/ = 18— E 18—
[m] = (m] [m]
16— 16— L!_,*, 16—
— o [
14— 14 ‘ ‘ 14—
12— 12— 12—
1— 11— 1—
0.8— 08 0.8—
06— 06— _|_ 06—
0.4— 0.4— 0.4—
02— 02— 02—
o L. R B L Y P N R N R o L. R B 1
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50
p[GeV] p[GeV] p[GeV]

* W=1.1201-0.1325%[|y|] - 0.02612*[|y|]"2
B

g * g * g *
s S s
3187 &'18* 3187
(=] ~ (=} o C
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08— : T 08— “‘ﬁ*x\EH‘H\H
: “—\_\\ - T
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Trigger Efficiency

Trigger efficiency is different between data and MC HLT config Sara Fiorendi
* In MC, the lowest threshold trigger (HLT_Mu7_IP4) is always
turned on

* In Data, trigger thresholds are gradually decreased toward the end
of each fill

Trigger efficiencies should be canceled out in the efficiency ratio
(PFR) | o

comments

woods

Confirmed that trigger efficiencies in data and MC are consistent

* For each HLT path
* Under the condition that HLT_Mu7_IP4 is on (as representative)
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Trigger Efficiency: MC vs Data

RData."MC

1.2

0.8

0.6

0.4

0.2

N pata(HLT_MUX_IPY & HLT_Mu7_IP4 & L1T)
€pata(HLT) Ng pata(HLT_Mu7_IP4 & L1T)

Rpata/y . = emc(HLT) ~ Npmc(HLT_MuX_IPY & HLT_Mu7_IP4 & L1T

)

/NB'MC(HLT_MU7_IP4 & L1T)
Ng pata is Obtained by taking yields from fits.

To compare Data with MC, lumisections which all 4 HLT paths are turned-on is considered (Run2018D)

B+ Bs BO
HLT_MuX_IPY & HLT_Mu7_IP4 & L1SingleMu7er1p5 HLT_MuX_IPY & HLT_Mu7_IP4 & L1SingleMu7er1p5 NE,Data(HU_MUX_le& H”.MUI-M 4 m]
B EDa[a(HLT) B NBJDM(HH_MUUN & llT)
I S " ey Ny BT MK YR AT M P& LT
i l { { lIg s NBJM{:(HH_MUUM & llT)
- * Nppaa i obtaied by taing yields from fs.
i ‘ I ' C v Tocompare Data with MC, lumiszctions which all 4 HLTpaths are turned-on i considered (Run20180)
L 1 |
B 0.8
i 0.6
i 0.4
L 0.2
HLT Mut2 IP8 HLT Mu9_IP§ HLT Mu9_IP5 0 HLT Mui2 IP6 HLT Mu9 IPG HLT Mug_IP5
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Source of Systematic Uncertainties

There are two categories of systematic uncertainties:
correlated/uncorrelated bin-to-bin

Source fs"f,fu {%) ,fsf,fd {?"'r“) fdl"’fu(%‘:}
N,, Np 122 122 -
1. Source of uncertainties correlated bin-to-bin (global B lifetime ratio 040 040 )
e e ] ranching fractions 5.36 4.03 5.46
uncertalntles). Tracking efficiency 2.1 - 21
* Uncertainty from external inputs (N,, N, Tgo, TgY, and BDT performance 1.18 2.23 2.24
branching fractions) BY bkg subt. 0.9 0.9 -
* Tracking efficiency: TDf.‘E.Il global S}FStEI.I‘latll:? UI‘ECEI’fﬂlI:lt}’ 74 6.3 6.3
0 . ) Statistical uncertainty in simulation — 1.7-3.1 22-3.7 2.1-3.6
- 2.1% per track estimated by tracking POG Signal and Background shape 0824 0828  07-21
- Treated to be correlated bin-to-bin Reweighting in pr and |y| 0.0-1.4  00-16  0.1-1.1
« BDT efficiency Total systematic uncertainty < 8.7 < 7.8 <78

- Checked that it is independent of pt or |y|
* In B2, uncertainty from Non-¢ resonant background subtraction

2. Source of uncertainties uncorrelated bin-to-bin:
» Statistical uncertainties of the Monte Carlo samples
* Uncertainty from the fit model shapes
* Uncertainty associated to MC reweighting process
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Hadronic Open-charm: BDT Efficiency
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Figure 19: BDT efficiencies in MC and data in all three channels. Yields are extracted from the
fit in the invariant mass distribution with BDT scores above each bin centers.
As we have different BDTs for different channels, we cannot assume that the data/MC disagreement is canceled out in
the final results.
* The difference of BDT efficiencies between data to MC is compared in all three channels.

The differences are considered as an uncertainty from each trained BDTs for the corresponding channel.
e The uncertainties which is not canceled in PFR is assigned as the systematic uncertainty associated with the BDT procedure.
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Hadronic Open-charm: BDT cut efficiency

; BDT cut efficiency ’ BDT cut efficiency
- e o R e - e i B e e . -
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The one of the goals of this analysis is to check pT dependence of PFRs
* Variables used for BDT training can be correlated with B meson’s pT or |y|
* Then can bias a trend of PFR in pT or |y| after BDT threshold

BDT cut efficiency = N(BDT + pre-selection)/N(pre-selection)

» Different BDT cut efficiency bin-to-bin(combinatorial bkg more pronounced in low pT), but its impact on the efficiency ratio(or
PFR) is constant
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Hadronic Open-charm: J/Psi contribution in w77~ tracks

check for J/¥ peak in B*— Knr decay channel

In B+ channel, we collect the opposite signs of &
e charged hadron tracks can be misidentified as
muon pair from J/Psi

m(rr* ™) distribution with muon mass assigned to both
tracks instead of pion mass is presented

* No J/Psi contribution seen ~ 3 GeV

8/26/2025
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Charmonium: MC samples

MC samples:
Muon filter: requires 3 truth-level muon, at least one with pt > 5 GeV
* Probe filter: requires the presence of a third “bachelor” muon not from J/¥. pt >5GeV, [n| < 2.5
3 central MC samples per channel:

1) Require B hadron decay according to the decay chain of interest

2) Require B hadron decay wit the muon filter

3) Require B hadron decay with the probe filter

8/26/2025

Data set name Events
/BdToKstar Jpsi-ToKPiMuMu_probefilter_SoftQCDnonD_TuneCP5_13TeV-pythia8- 5M
evtgen/RunllAutumn18MiniAOD-PUPoissonAve20_BParking_102X_upgrade2018_realistic_v15_ext1-

v1/MINIAODSIM

/BdToJpsiKstar _SoftQCDnonD_TuneCP5_13TeV-pythia8-evtgen/ RunlIAutumnl8MiniAOD- 500K
102X_upgrade2018_realistic_v15-v2 /MINIAODSIM
/BsToPhiJpsi_-ToKKMuMu_probefilter_SoftQCDnonD_TuneCP5_13TeV-pythia8-evtgen/RunlIAutumn18MiniAQD- 340K
PUPoissonAve20_BParking_102X_upgrade2018_realistic_v15-v3/MINIAODSIM
/BsToPhiJpsi_ToKKMuMu_probefilter_SoftQCDnonD_TuneCP5_13TeV-pythia8-evtgen/RunllAutumn18MiniAQD-  2M
PUPoissonAve20_BParking_102X _upgrade2018_realistic_v15_extl-v1 /MINIAODSIM
/BsToJpsiPhi_SoftQCDnonD_TuneCP5_13TeV-pythia8-evtgen/RunllAutumn18MiniAOD- 500K
102X_upgrade2018_realistic_v15-v2/MINIAODSIM
/BuToK]psi-ToMuMu_probefilter_SoftQCDnonD_TuneCP5_13TeV-pythia8-evtgen/RunllAutumn18Mini AOD- 2.2M
PUPoissonAve20_BParking_102X_upgrade2018_realistic_v15-v2 /MINIAODSIM

/ BuTo]psiK_SoftQCDnonD_TuneCP5_13TeV-pythia8-evtgen/RunllAutumn18MiniAOD- 500K
102X_upgrade2018_realistic_v15-v2 /MINIAODSIM

(B — m*]/1 (1S) from private MC) 50K

Table 5: MC samples used in this analysis.
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Charmonium: Validity of approach ‘mass closest to K*’

* The invariant mass distribution of BO is presented
under conditions where signals are not expected to
exist (purely combinatorial). I

* There is no artificially created peak in the
distribution. Therefore, it appears that the approach
of selecting the K* candidate "closest to the K* 10° i
mass" is valid, with little risk of creating any artificial ol
peaks around the signals.

mass (|_xy_sig < 8. & cos2D < 0.998 & sv_prob < 0.3)

o iy ":H”L_ ol

4.6 4.8 5 5.2 5.4
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Efficiency determination

. . . Comparison of PYTHIA versus FONLL in p, |y|
The efficiencies for the three channels are determined

. gag\; u filter requires 3 truth-level muon, at least one with pt >5 1n-|i_\,.\ ¢ QEJZEE-; m;aﬂt - _
e . . . 0L . - s::::i‘:(::l}; % un:— fgf:é: _
* Probe: p filter requires the presence of a third “bachelor” muon s | s, + o e | - ' |
10'3:— i - % iﬁ e Bi == N
not from J /W ; - ] Eonof 4 pymag; &
I ] = I Pythia, BY
- pr> 5 GeV, |I’]| <25 ol :.:EEt; 0_09‘_: Pythia (all) i_
E | | n n N | g L |- .FO‘NL.L\ M| T . ;_‘?_.“
* Filter efficiencies are not included in total efficiency  — S
- These are canceled out in the PFR §124 ++++_ g . 4 |
et | e e
. E"ﬁn‘—lllllr 80795.:I‘.‘.\.‘..\.‘.‘I‘..‘I‘.‘:
- 10 20 30 40 50 60 0.0 05 1.0 15 20
MC samples are reweighted prGev] M
* Tag side: FONLL vs PYTHIA comparison
* Probe side: MC vs Data from hadronic open-charm =

Muon Trigger Scale factor is applied
* Only on tag-side events
- Probe-side is mlnlma”y biased by trlggers (a) Trigger efficiency in data (b) Trigger efficiency in MC (c) Trigger Scale Factor

* Computed on the unique set of triggers of this analysis Figure 7: Trigger efficiencies and scale factors in bins of the probe muon p; and |d_ry/crxy| for
the full B-parking dataset.
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Charmonium: Probe Filter Efficiency
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Figure 16: Probefilter efficiencies derived by emulating the probefilter on inclusive samples.
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Charmonium: Tag Filter Efficiency
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Figure 15: Mufilter efficiencies derived by emulating the Mufilter on inclusive samples.
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Source of Systematic Uncertainties

1. Source of uncertainties correlated bin-to-bin:

. . . Ta Probe
* Tracking efficienc Source &
8 y _ _ R, (%) RI(%) falfu ) R, (%) RI (%) fu/f. (%)
- 2.1% per track estimated by tracking POG Statistical uncertainty in simulation 0.7-6.7 0.8-9.3  0.7-7.2  1.9-49 17-48 1.6-4.2
. . . Signal and Background shape 0847 0652 0542 1379 1164 0964

* The uncertainty of branching fractions for fg /f, Trigger SF 1696 1697 1607 ] ] ]

- 5.1% for the branching fraction ratio Reweighting in pp and |y| 0.0-53 0.043 0.0-65 0.0-37 0.0-38 0.049

Total systematic uncertainty <85 <9.8 < 88 <10.0 <8.1 <77

2. Source of uncertainties uncorrelated bin-to-bin:
 Statistical uncertainties of MC samples
e Uncertainty from the fit model
- Estimated by changing shapes of fit models to alternative shapes
* Uncertainty associated to MC reweighting process
- Tag: FONLL vs PYTHIA
- Probe: MC vs Data
* Uncertainty associated to Trigger SF
- varying SF up and down by its uncertainty
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https://cds.cern.ch/record/2810814

Absolute PFR measurement: high pt

. CMS 41610 (13 TeV CMS 41.6fb™ (13 TeV)
Previous CMS study showed that PFRs are & 04T e AR o 0.4
asymptotically flat at high py L Const fit, (/NDF =1.41/3] =" | ~ Constiit,x*/NDF =3.06/3

0.3F - 0.3 .

° pT > 18 GeV i A ] L + | i

. - t ] L] | ! :

PRL 131 (2023) 121901 02l Tt - 02 | bt ]

0L f,/f, = 0.227+0.011+0.017 01C¢ /£, = 0.224 4+ 0.011+ 0.014 |

The absolute normalization of PFRs N | | | ] o
« f/fjatLEP:0.249 + 0.023 20 30 40 50 60 20 30 40 50 gOV

_ HFLAV: EPIC 81 (2021) 226 p,[GeV] P,[GeV]

- approximate pr of 40 GeV in Z decays 0.4 CMS 41.6 o' (13 TeV) 0.4 CMS 41.6 o™ (13 TeV)

s U4~ e o V4T

o B ~ Constfit, yNDF =1.36/5] o B —— Const fit, x/NDF = 2.70 / 5

» f,/fqat LHCb :0.2539 + 0.0079 (13 TeV) 0.3 E 7 03 §
- LHCb: PRD 104 (2021) 032005 ' ] ST

] | ; ]
- pr €[1.5,40] GeV 0.2 :_++%_+*+ T _; 0 +++++ +

* The recent BMM measurement in CMS 0.1 }fs/fu —0.222+0.011+0.016 0.1 }fs/fd —0.225+0.011 + 0.014
- PLB 842 (2023) 137955 ; ; ;
0 PR T R T AN T T S S (N S SO S SN T S O SO AN S R | O ooy by ey b ey

- £, /£, = 0.231 4 0.008 0o 05 1 15 2 0o 05 1 15 2

- pr Weighted average of LHCb measurement in ly| ly|
their phase space
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https://link.springer.com/article/10.1140/epjc/s10052-020-8156-7
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032005
https://doi.org/10.48550/arXiv.2212.10311

fgo/fg+ vs fgo/fg- measurement

fgo/fg+ vs fgo/fp-
« Combined fgo/fz+ =0.97 + 0.05
* Combined fgo/fg- = 0.98 + 0.05
» fgo/fg+ and fgo/fg- are consistent with each other within a 3% precision
- Considering correlated systematic uncertainty
- Supporting CP symmetry in B* and B? production
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Conversion of R to PFR

Combined results of charmonium and hadronic open-charm analysis on probe-side
e pT € [8.0,50.0) GeV and |y| € [0, 2.25)

BBES]/p(1S)KE) N, (BE=]/p(1S)KE) BDVsK+r—) . +
B(Bi—miﬁo) - Ncorr(Bi_}niﬁO) B(J/ﬂb(ls)—}]«l]«l) == 0210 :l: 0008 (PDG- 0-218 0 0.008)
B(BY—1/9(15)¢) _ New(BIT/9(1S)p) B(Dg —pm—) _ PDG: 0.362 + 0.032
BBY>a+tDs) N, (BYsatDg) BU/YAS)—uu) 0.357 = 0.024 ( - )
B(B0—>]/1p(15)1<*(892)) L NCO,,,,(BO—>]/4J(18)K*(892)) B(D_—>K+7r_7r_) L (PDG: 0.506 + 0.026)
BB0ortD-)  — N (B0oniD-) B SKmBUes) o — 0478 +£0.018

The measured B and B® branching fraction ratios improve on the PDG precision

B ratio is as good as the world average
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