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OUtIine See also talks by Pelican Li, Liang Sun, Xingbo Yuan and Xingiang Ll

* New physics, LFUV and semitauonic B hadron decays
 The LHCb detector

* Representative results from LHCD:

. Measurement of R(D)&R(D*) using muonic 7 decays, 3 fb~! (Run1)/ 2 tb~! (part. Run2)
'PRL 131(2023)111802][arXiv:2406.03387]

. Measurement of R(D*) using hadronic 7 decays, 3 fb~! (Run1)/ 2 fb~! (part. Run2)
IPRL 120,171802, PRD 97,072013]}
[IPRD 108(2023)012018] (Erratum [PRD 109(2024)119902(E)])

 Prospects and summary
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802
https://arxiv.org/abs/2406.03387
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.119902

Lepton flavour universality (LFU)

 An accidental lepton (I=e, u, 7) flavour symmetry

» Broken in the Standard Model (SM) only by M,_

 New physics (NP) particles coupling to 7 can lead to LFU violation (LFUV)

T /n &
-~
W- vr /vy
b > > C E & ’ E, P S
Semileptonic decays: Flavour changing neutral current (FCNC):
R(D), R(D*), R(Dg), R(A), RU1p) ... R(K), R(K*), R(), R(PK) ...
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Semitauonic B decays as tests of LFUV

T /o
— vr /Vp
W F
New physics candidates can influence the R value
e.g. possible contribution from leptoquark
b > > C [PRL 116(2016)081801]
- Br(X, — X tv_)
b — clv transitions: R(X.) = [_ LQ F
Br(X, — X uv,) I - SO —
BY D*
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Origin of the experimental test of LFU

* First result released by BaBar In
2012, 3.40 away from SM.

R(D*)

* Belle and LHCb both join the
game from 2015:

e R(D)~1.70 from SM
e R(D*) ~ 3.00 from SM

« R(D) & R(D*) ~ 3.90 from SM

0.5

0.45

0.4

B | I | | | | I | | | I | | | _
[ = BaBar, PRL109,101802(2012) Ay*=10 -
= Belle, arXiv:1507.03233 _
_ LHCb, arXiv:1506.08614 _
B m— Average i
__ e — —
E SM prediction P(x2) = 55% E
| | I | | | | I | | | | I | | | |
2 0.3 04 0.5 0.6

R(D)



R(X.) measurements at LHCb

Muonic 7 decays Hadronic 7 decays

T K+ ]z'_ K+

T |B‘J —->D v, ‘ [ d {BO — D*—TJ'VJ
y V V.
r o

D

DU
Bu z- .\ l__.l'u
PV ‘zl+
|

p ..' P
» Direct measurement of R(X ) » Detached 7™ decay position to suppress
* High statistics dominant backgrounds
e Backgrounds from D™ must be controlled well * High purity sample
__ . - + +:_ 0y~
. Sensitive to D** [ » Specific dynamics of 7 — 3z~ ()0,

7
» R(X ) calculation requires external inputs

e | ower statistics
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LFU tests at LHCDb

Muonic decays of 7

B~ - pu )= (1739 £0.04) %

 R(D¥*), Run1 3fb~! (2015)
'PRL 115,111803]

e R(D) & R(D¥*), Run1 3fb~! (2023)
[PRL 131,111802]

« R(D) & R(D™™), part. Run2 2fb~! (2024)
larXiv:2406.03387]

. R(J/y), Run1 3fb~! (2018
[PRL 120,121801]
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Hadronic decays of 7

Bt~ = xtr (x)0) ~13.5%

. R(D¥), Run1 3fb~! (2018)
[PRL 120,171802, PRD 97,072013]

e R(D¥), part. Run2 2fb~! (2023)
[PRD 108,012018]
(Erratum [PRD 109,119902])

. R(A,), Runt 3fb~! (2021)
[PRL 128,191803]

. FI{)*, Run1+part. Run2 5fb~! (2023)
larXiv:2311.05224]



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.171802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.191803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.119902
https://arxiv.org/abs/2406.03387
https://arxiv.org/abs/2311.05224

Int. J. Mod. Phys. A 30(2015)153002

The LHCDb detector JINST 3(2008)S08005

A single-arm forward spectrometer, designed for
the study of heavy flavour physics

/ \\\
. . g Sy
* Excellent vertex, IP and decay-time resolution //\\\

* Very good momentum resolution

ECAL
SPD/PS M3

RICH2 M1 M2

e (Good hadron and muon identification

 2<p<>5 range (LHCb acceptance):
~3 % 10*/s bb pairs@ 7 TeV ~x2 yield@ 13 TeV

BY — D*tr U

0 +, -

PV
P = P

Bo Fang 29/7/2024 38



https://worldscientific.com/doi/10.1142/S0217751X15300227
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005

Simultaneous measurement of

R(D*) and R(D) with muonic 7 decays
IPRL 131(2023)111802]

More details see CERN seminar by Greg
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802
https://indico.cern.ch/event/1187939/

[PRL 131(2023)111802]
Comparison with previous muonic R(D*) [PRL 115(2015)111803] at LHCb

- Before: measure R(D*) with Run1 [D *u~] data

. Now: simultaneously measure R(D) & R(D*) with Run1 [Du~] and [D" i ] data

................. Ky
o DO — K+7Z'_, D*+ — Doyz'_l' [Do,u_] samples with soft pions ‘ b
D*O _

H

K .
.« Veto D" — DYzt in [DYu™] sample
(D] samples [D*Tu~] samples

e Trigger on DY - preserve acceptance for soft muons

 New: custom muon ID classifier, flatter in kinematic acceptance|JINST 8 P12013]
* Reduce misID background (dominant systematics in previous muonic R(D*))

. Higher statistics: [D"u~] sample - 5x larger than [D ]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802

Experimental challenge

* Numerous background from different sources:

e Partially reconstructed B decays

« B— D:‘j w,B — D**uv,
B—- DODY( - ux)X...

* Misidentified background
 Combinatorial background

' B:-p v
3D Flt iom::;ake
2 — 2 b ue
« q° = (pg—Pp») [.E E[:x ‘
2 . o :
© mmiss o (pB _pD(*) —pﬂ) Bs->D v

Template stats

« Energy of u: Eﬂ
. 8 samples in total (for D° & D™ ™)

e Signal sample

* Three isolated control samples
(with extra z, 7z or K)

* Simultaneous fit of all 8 samples
Bo Fang 29/7/2024

'PRL 131(2023)111802]

D~ signal sample

D™y~ signal sample

4000 ......  — Y r —r
E|9.35 < q? < 12.6 GeV2/c4{LHCD preliminar
3500 3 fb

3000

2500

BEB-D v
BEB—-Duv
BlB—->D"uv
Comb. + Fake
BEB—->D uv
[ B—>D'DX]
W B—=Dtv
BEB-D v
Template stats

1000 2000
E, (MeV)

1000 2000

11 E, (MeV)


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802

'PRL 131(2023)111802]

D~ signal sample fit

v
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2.85 < g* < 6.10 GeV¥/c* f{*&)(..b preliminary 6.10 < g* < 9.35 GeV?/c* LHCD preliminan 3

10000 3 ﬂ)-'

8000

20000

o0 30000 Template stats
4000 20000

2000 10000

2 _2
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802

D" tu~ S|gnal sample fit

T 30000 = " -
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v B
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'PRL 131(2023)111802]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802

'PRL 131(2023)111802]

/ 0.4 1 I 1 1 1 1 I 1 1 | | I | | | | I
* - - .
a) m A2 =10contours 4 Result of this measurement:
s B Prelim. 2022 _
035 I— BaBarl2 -
- Bellel5 1 » R(D*) =0.281 £0.018(star) £ 0.024(syst)
i LHCb1g  30.--7/77" """ =--N / _
N J— = 4 * R(D)=0.441 £ 0.060(star) = 0.066(sys?)
T F \ LHCb22 - |
: \ 1 + Correlation p = — 0.43
0.25 [~ *F‘*B@ll?‘/ : -1+ 1.90 agreement with SM
B Beue 1 7 PRD 94 (2016) 094008 Average i
- PRI 05 (2017, 115008 R(D) = 0.358 +0.025 = 0.012 -
0.2 =  $HFLAV SM Prediction  JHEP 1712 (2017) 060 R(D*) = 0285+ 0.010 £0.008 = o
- — 0298 + 0. PLB 795 (2019) 386 — 029 - .
S N =029 . 1 New preliminary average:
B | I | | | | I PRDI1 05 (2?22) 03I4503 | I | | | | I | | | |
0.2 0.3 0.4 0.5  Slightly lower R(D%¥), slightly higher

z
>

R(D), reduced correlation

e 3.30 — 3.20 away from SM

* Global picture unchanged...
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802

Measurement of R(D*) with hadronic 7 decays
[PRD 108(2023)012018][PRD 109(2024)119902(E)]

More details see CERN seminar by Resmi
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.119902
https://indico.cern.ch/event/1231797/

. . [PRD 108(2023)012018]
en f () |th hadronic 7 decays [PRD 109(2024)119902(E)]

!}' ] v—:
- K 3 -~ LHCDb simulation
T { 8
T ’ : % 103 & Prompt (D*nwnX) | &
’ N ’ : g = I Double-charm (D*DX) E 3
0 *_ - ¥ B Signal (D*7v)
{B — D n'm .717+XJ ¢ | §

H.
S aE
O Ry

Prompt backgrounds
* ~ 100 times larger than
» Suppressed effectively with detached-vertex selection

Candidates / (10 MeV/c?)

Double- Charm backgrounds (after detached- vertex selectlon)

eB—> D’ (D"‘ DT DO)X backgrounds 8 [ |, H
: > 0.1 8 . ; simulation N __

« B — D"~D7X the largest contributor 2 oos) Zoos e N
« A based on kinematics and (3 ot S AR
; g 00 0.04- ; . E

resonant structure to separate signal from K O S A

* — N O T - R A

B — D DS X O O=e0d "2 0 o2
BDT response
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.119902

. . [PRD 108(2023)012018]
Measurement of R(D™) with hadronic 7 decays _[PRD 109(2024)119902(E)
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400

Candidates / (0.08 ps) §

Candidates / (40 MeV/c?)
N
8

Candidates / (40 MeV/c?)

0 0.5 1 1.5 2 -0.4 0.2 0 0.2 0.4

STy S %500 3
m(r* ) [MeV/c?] m(3m) [MeV/c] | 3 t, [ps] Anti—D* BDT output
¢ Data Total @ Non-D; background "; ¢ Data Total ) ] B —D"D,*
; i 0 0 “ ) B°»D'D;,(317) @ B,~D"D; 1 B’—»D™D_(2460)"
By, ERpears  mmborE & 5-D"DiX T B-D"DIX @ Combinatotia
+ +_— + - T - +
D} — nta~ 7wt X control fit Fitting production of D _

 Data samples with
| m3a%) — m(D)ppe| < 20 MeV
* To constrain different components in
B, = DD (X) decays

» Data samples with low anti-D_” BDT
* To constrain different components in

D — n"n 7" X decays
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.119902

: : PRD 108(2023)012018
Measurement of R(D*) with hadronic 7 decays %PRD 109(2024)1 19902:}E)]

o0
S
S
-

Dataset: 2015-2016 2fb~! pp collision data

N
S
S
-

Signal yield measured w/ 3D template fit to

= (pgo— P D*)z
e T lifetime

» anti-D_” BDT output
Br(B" - D" tTv)

Candidates / (0.117

4000 5000

2000

Candidates / (1.375 GeV?/c?)

o
T

—0.2 0 0.2 0.4
Anti—-D] BDT output

° K(D*) — s l:’\}gloooo; IIIIIIIIIIIII ;}flb(l:lb . '—
Br(B® » D™~ m*n~x™) = U T W
= 1.79 = 0.11(stat) = 0.11(sys?) 5 (S B
5 5000 - : :Cﬁbl) om
. Using BB - D UV ) & Br(B' - D" ~ntn—rn"), |
R(D*) = 0.260 %= 0. OlS(Stat) + 0.016(syst) = 0.012(ext) o, s ,
(SM prediction: 0.254 £ 0.005) ‘o ps]
e Combined with Run1 result: N(B" - D" ~t*v) = 2573 £ 156
R(D*)5011-2016 = 0.267 £ 0.012(star) = 0.015(syst) + 0.013(ext) Run 1 yield: 1296 =+ 86
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.119902

Current R(D) — R(D*) scenario

0.4

R(D*)
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Moriond 2024

LHCb"
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| 68% CL bontours

/
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s
3

v
’ou

BaBar

LHCb"

\\4/..|....|...._

4 HFLAV SM Prediction

R(D) =0.298 +0.004
R(D*)=0.254 =0.005

R(D)=0.342 +0.026,

R(D*)=0.287 0012,

p=-0.39
P(%?) = 35%

0.2 0.3

0.4

0.5

 Deviation of the WA of R(D*) with SM ~2.50
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R(D*)

0.4

0.35

0.3

0.25

Combined R(D) — R(D*) deviates from SM ~3.30

[HFLAV2024]
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T —— BaBar, PRL109,101802(2012) Ay>=10 -
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_ LHCb, arXiv:1506.08614 _
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https://hflav-eos.web.cern.ch/hflav-eos/semi/moriond24/html/RDsDsstar/RDRDs.html

Prospects for LFUV tests with semitauonic decays at LHCb_[Hev. Mod. Phys. 94, 015003

F. U. Bernlochner, M. F. Sevilla, D. J. Robinson, and G. Wormser

Run4 Run 5

Run 6

e More statistics

* Analyses including Run2
6 fo~! data samples ongoing

* Data taking in Run3
Pessimistic '.
» Control of systematics  Susdu s eSS S EEEE SRS S ‘

* Inputs from other experiments and theorists

e Probe Into
« R(D]),R(AY), RUIy) ...

e Polarisation measurement

* Angular analysis
Bo Fang 29/7/2024

Total uncertainty [%]

10}

0.00

Run 2 Run 3 Run4 Run 5 Run 6
----- — R(D)
meamal JLD%). L
................. R(D44) :
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Optimisti::-__\ A e — T TR :
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SIS IITFTF Y
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D. Hill, M. John, W. Ke and A. Poluektov


https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.94.015003
https://link.springer.com/article/10.1007/JHEP11(2019)133

Summary

 LHCDb is the main player in the test of lepton flavour universality

. Production of various B hadrons: B, B*, B, AY

» |arge statistics, good performance of tracking and PID
 Complementary measurement to each other: providing different constraints

 Baryonic and mesonic B decays: different spin, different form factor

e Hadronic and muonic 7 decays: different background, different
normalisation

* More results upcoming! Stay tuned!

 Manpower required! Welcome to join us!
Thank you for [istening!
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The LHCDb detector Int. J. Mod. Phys. A 30(2015)153002

JINST 3(2008)S08005

A single-arm forward spectrometer, designed for
the study of heavy flavour physics

» Excellent vertex, IP and decay-time resolution /\\
v d N
ra

« 0o(IP) = 20 um for high-p tracks

. o(1) = 45 fs for BY — J/w¢ and BY — Dzt
ECAL

SPD/PS
RICH2 M1

e \ery good momentum resolution

e op/p=0.5%-1% for p € (0,200) GeV

o o(mpg) =24 MeV for two-body decays

e Hadron and muon identification

o Ex_g=9%% fore _ x=35% upto 100 GeV

o &,,,=9%fore, =~ 1%-3%

e 2<pn<> range (LHCb acceptance): | | -
~3 % 10*/s bb pairs@ 7 TeV ~x2 yield@ 13 TeV
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https://worldscientific.com/doi/10.1142/S0217751X15300227
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005

Why LFUV tests with Ag decays are interesting?

o Different new physics(NP) couplings: could help to constrain NP models

Bo Fang 29/7/2024

NP expectations for R(A) in various models

A. Datta et al.. Journal of Hieh Energv Phvsics 1708 (2017) 131

gp only g1, only gr only gr only
0.3 ~2.2 ~0.044 0.4
R(A.) 0.342 4+ 0.010 | 0.479 4 0.014 | 0.344 4+ 0.011 | 0.475 + 0.037
L 1.026 + 0.001 1.44 1.033 + 0.003 | 1.426 + 0.100
. 04-04i | 015-03i [ 0.08-067i [ 0.2-0.2
R(Ac) | 0.384 4 0.013 | 0.346 + 0.011 | 0.470 4 0.014 | 0.465 £ 0.014 | 0.404 + 0.02]
R | 1.154 £ 0.008 | 1.040 4+ 0.002 1.412 1.397 + 0.005 | 1.213 4 0.050

NP predictions with all present constraints from the meson sector

Coupling | R(A¢)maz I{",\“‘f.‘,:j’az coupling value ‘ R(A¢)min coupling value
| gs only 0.405 L, ‘ 0.363 | 0.314 ~1.14
gp only 0.3541 0.658 0.337 (.168
g1, only 0.495 0.094 + 0.538: 0.340 —0.070 + 0.395:
g only 0.525 0.085 + 0.7931 (0.336 -0.012
g only .526 ().428 ().338 ~().005
24




_I_ N

First observation of AO — A7 U, and

measurement of R(A") with hadronic tau decays
[PRL 128(2022)191803]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.191803

Why LFUV tests with Ag decays are interesting?

. The spin — baryonic channel is complementary to mesonic channels (R(D*)...).

1
2

 SM prediction:
R(A) ¢, = 0.324 £ 0.004 [PRD 99(2019)055008]

o But different new physics(NP) couplings: could help to constrain NP models

* Unique measurement to LHCb. Never searched for before!

NP predictions with all present constraints from the meson sector

Coupling | RR(A¢)maz l(f&‘f,ﬁ’u coupling value ’ R(A¢)min coupling value
| gs only 0405 | 1.217 0.363 | 0.314 ~1.14

gp only 0.354 1.062 ).658 0.337 (. 168

g1, only 0.495 0.094 + 0.538: 0.340 —0.070 + 0.395:

gr only .525 0.085 + 0.7931 ().336 —(.012

g only (.526 ().428 ().338 ~().005
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exp

R(A)
Ratio

C R(A sy
[JHEP 1708(2017)131]

RRatiO .




Searching for Ag — A:FT_DT at LHCb... [PRL 128(2022)191803]

Data samples: 3 fb™! pp collision data @ 7,8 TeV from Run1

AT reconstructed by pK~ 7", and 7~ by 7

Br(A) - ATt D) Br(A) - Afnntn)
RA}) =|——F————X|[——————
C 0 4 — — 0 + 1711,
Br(Ab — Ac n T ) Br(Ab — AC M I/,M) Prompt rejection ~5 X 10° level
Measured K(A)) External inputs Az = z(3n) — 2(A]) > S0,
o X § 10° ;— LHCDb simulation 7 Promet A
2 = | Y
PV ,
D - g P\. P Az/o
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.191803

Searching for Ag — AZFT_DT at LHCD... [PRL 128(2022)191803]

 Main backgrounds

« Prompt background from Ag — ATn~n"n~ X decays
» Double charm background from Ag — AF{D~,D° D} X decays

» Feed-down background from Ag - A D™ decays

 Combinatorial background -> Controlled by data-based samples E 100__ %I;{)Clb
% B ¢ Data
ozo R0 B —— Total model
Tk B A, - AD;
. T B Ay = AD¥
Controlled by fitting 2 ol W A S ADY
t ot g | Ay — AD
AC SRR ?% - AE - AC(25193)*D; |
mass distribution A B A - A(2625)D;
0 o
_ Ay, — 2D +
- B A > I0D; HJJP{L
50 B B Combinatorial
201 + F”TFW +
— + ‘ 1 9
ole "n.lﬂu-m S gl . L.
4200 4400 4600 4800 5000 5200 5400 5600 3800
m(A ) [MeV/e?
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Searching for Ag — AZFT_DT at LHCb... [PRL 128(2022)191803]

Extracting signal yield from 3D fit
* { 2( = (pp — pD*+)2), t. and anti-D_ BDT output

2 1600 LHCb S 2500 LHeo Mt  Signal significance: 6.100
3 1400 3 i = 3 e -> first observation of A} = AT770D
P 1200 § . 1.‘ AD(X) '
= 1000 3 S
;g 5 1500 .A’_;'—»AQD (X) O + —=—
S 800 B oA x) B r (Ab — AC T DT)
_|_
1000 Combinatorial ° K (AC ) — O
- Br(A} — Afr—rntn™)

= 2.46 £ 0.27(stat) £ 0.40(syst)

AAAAAAAAAAAAAAAA

0 0.5 1.0 1.5‘ 2.0 0 02 0 0.6 : 0.8 1
t. [ps] / . FDT output | 0 L 0 e
1400 R 1 « Using Br(A) — Ajp™0,) &Br(A, > Afn~n"n"),
Z - 3fb
81200 BDT < 0.66 S s00F .. BDT>0.66 R(AT) = 0.242 £ 0.026(stat) = 0.040(syst) £ 0.059(ext)
=10 S 250F —Toulmod (SM prediction: 0.324 = 0.004)
& 800 2 200 -..«:3,1{,v,'
g 600 g 150 -12—»11”\:
~ 400 “ 100 -.-s.;j—;»A;Fm‘(, ¢ ~1 0] frOm SM
200 50 |
..... * Could exclude some NP parameter space
’ g* |[GeV¥ct) ’ > g |Gev12(/)c*1
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Systematic uncertainties in R(A") measurement IPRL 128(2022)191803]

Table 1: Relative systematic uncertainties in K(A1).

Source SIC(AT) /(AT [%]
Simulated sample size 3.8
Fit bias 3.9
Signal modelling 2.0
A) — A7 7, feeddown 2.5
D — 3nY decay model 2.5
A - ATD-X, A) - ATD-X, A) - AT DX background 4.7
Combinatorial background 0.5
Particle identification and trigger corrections 1.5
Isolation BDT classifier and vertex selection requirements 4.5
D, D—, D° template shapes 13.0
Efficiency ratio 2.8
normalization channel efficiency (modelling of A} — A*3m) 3.0
Total uncertainty 16.5
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'PRL 115(2015)111803]

Systematic uncertainties in muonic R(D*) measurement at LHCb

TABLE I. Systematic uncertainties in the extraction of R(D*).

Model uncertainties Absolute size (xlO‘z)

Simulated sample size 2.0
| Misidentified u template shape 1.6 |
B — D** (7~ /u~)v form factors 0.6

B — D*"H_(— uvX')X shape corrections 0.5
B(B— D"t7v,)/B(B— D"uu,) 0.5
B — D**(— D" zr)uv shape corrections 0.4
Corrections to simulation 0.4
Combinatorial background shape 0.3
B - D**(— D**n)u~ b, form factors 0.3
B - D**(D, = )X fraction 0.1
Total model uncertainty 2.8
Normalization uncertainties Absolute size (x107%)
Simulated sample size 0.6
Hardware trigger efficiency 0.6
Particle 1dentification efficiencies 0.3
Form factors 0.2
B(t™ = uv,v,) < 0.1
Total normalization uncertainty 0.9
Total systematic uncertainty 3.0
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Systematic uncertainties in R(D) & R(D*) measurement

Bo Fang 29/7/2024

'PRL 131(2023)111802]

Internal fit uncertainties

or(p(x107?) orp)(x107%) Correlation

Statistical uncertaint 1.8 6.0 —0.49

Simulated sample size

B — D*DX template shape : :

B — D**{~v form-factors 0.7 2.1

B— D**u~v, form-factors 0.8 1.2

B (B— D*D,(— mv)X) 0.3 1.2

MisID template 0.1 0.8

B (B— D*17v,) 0.5 0.5

Combinatorial < 0.1 0.1

Resolution < 0.1 0.1

Additional Model Uncertainty or(p+)(X107%)  orp)(x1072)

B — D™ DX model uncertainty 0.6 0.7

B — D*p~ v, model uncertainty 0.6 2.4

Data/simulation corrections 0.4 0.75

Coulomb correction to R(D*") /R (D*°) 0.2 0.3

misID template unfolding 0.7 1.2

Baryonic backgrounds 0.7 1.2

Normalization Uncertainties or(p+)(x107%)  orp)(x1072)

Data/simulation corrections 0.4xR(D*) 0.6 XxR(D)

T~ — p~ Vv branching fraction 02 x R(D*) 02xR(D)

Total uncertainty 3.0 8.9 -0.43
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Comparison between measuring R(D*) by using 7 — ubv and 7 — 3a(z°)v

T — UDU - 3n(x°)
o Advantage * Advantages
* Direct normalisation from e Can reconstruct 7 vertex from
identical (visible) final state three pion tracks, higher purity
 Disadvantage * Three pion dynamics help to
distinguish signal from main
 Background from many physical background
different sources and hard to
suppress * No normal semileptonic
background

 Disadvantage

 Need external input to normalise
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