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> Very successful and productive workshop; further synergy between
BESIII/LHCDb planned

> A lot of material in this talk from the workshop
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CKM constraints

1.5 T 1T T 1.1 g 7 | L F T T1
LHCb | Comtisimortn ot 0 *%L | | |  BESIII/HIEPA
: : 'Y %-?' :
1.0 — % —
Amg, Am : ‘s S [Vesls [Vea |
05 [ N
a, ﬁa Y : i |VtS|9 |th|
Vubly [Veao| = %0 E Vb, [Ven)
...... :
1.0 Y € ]
- em A,
= ICHEP 16 (excl. at CL > 0.95) -
_1.5 | I | I L1 11 l 1 1 1 l L1 11 1 L1 11 l L1 1
-1.0 -0.5 0.0 0.5 1.0 15 2.0

P

> Inputs from different experiments already required to over-constrain
CKM matrix and search for extra CPV sources
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Areas of common interests

Synergy and complementarity
> CKM angle Y measurements

> Absolute branching fraction measuremen
in D, A decays

> Spectroscopy and exotics (LHCD status
by S. Barsuk)

> Charm CPV (LHCDb status by M. Saur)

> Rare charm decays (LHCDb status by
S. Barsuk)

Disclaimer: A LHCb-member point of view
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LHCb detector

: 1. p+p:
> Forward spectrometer (@ collider, acceptance: 1.9<n<4.9 "= §1n —
JINST 3 (2008) S08005
Vertex Locator(vertex reconstruction) Tracking system(particle reconstruction) IJMPA 30 (2015) 1530022
* Impact parameter resolution: *+ ¢(Tracking) ~96%
20 pm *  Op/p ~0.5%-1%(5-200 GeV)
+ Decay time resolutionA *  o(mg_pn) = 22 MeV

y

45 fs (tg~1.5 ps)

M4 M3

;'\.__- ] I..""'_ a '."'l.. o -p .

RICH: particle ID 3 5 \l, 20m -
e &(K - K) ~95% v

Muon system
Magnet « ulD: e(u - p) ~97%
* Bending power: 4 Tm * Mis-ID: e(m - ) ~1-3%

+ Mis-ID: e(mt = K) ~5%



LHCb upgrade plans

CERN-LHCC-2017-003

We
ale
nere LHC phase 2 (HL-LHC)
————
visible int/bunch
crossing ~ I ~ I ~6 ~6 ~55
i"S:mégle 4% ] 032 4% ]032 2% 1033 2xX 1033 1-2x 1034
[dt Lt 3 b~ 9 fb-! 50 fb-! 300 fb-!
2011-2012 2015-2018 2021-2023 2026-2029 2031-...
Run | Run 2 ? Run 3 ? Run 4 ? Run 5/6
LS2: install LS3: upgrade | LS4: install
LHCb upgrade | consolidation LHCb upgrade Il

Belle2
ends

Hardware + software trigger Fully software trigger

> Upgrade I: several detector replaced; 40 MHz readout with fully software trigger

> Upgrade II: new ideas under study on tracking, calorimeter, adding timing info etc
6



CKM angle vy



CKM angle vy

> Least well known CKM parameters Y = arg [_VudV;b/ (Vcd CZ)]

0.7

06

Direct: + = (73.5t‘g-%)o
VS
Indirect: v = (65.34_-12-.%)0

05 -

New
= Physics?

03
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> v at tree level: clean theory prediction oy/y ~ 10-7 JHEP 1401 (2014) 051




Methodology for y measurement

> Sensitive channels with small BFs: need to combine many channels

GLW: D = CP eigenstates, e.g. KK, w

ADS: D = quasi-flavour-specific states e.g. Kn
GGSZ: D = self-conjugate multi(3)-body states e.g. Ksnm
GLS: ADS variant with singly Cabbibo-suppressed decay D—KKn

time-dependent Bs— DK, BO—Dmr etc (not discussed here)

Dalitz (GW) method: BO—DKn

> Global fit needed to extract y (also other nuisance parameters)

> Charm inputs crucial (BESIII/HIEPA)



Candidates / ( 10 MeV/c?)

G LW measureme ﬂ"’S Phys. Lett. B777 (2018) 16

-----------T"

-

}

5600 5800

5400

5000

> 2 fb-1 (7 TeV) + 1 fb-1 (8 TeV) + 2 fb-1 (13 TeV)

> Using both fully reco. B—DK and partially reco. B—D*(Dy/D%)K

1_

2[0(B~ — Depy K7) + (BT — Depy K]
(B~ — DYK~) +I'(B* — DYK+)
. _T(B™ = Depe K7) = T(B* = DopeKT)
PETT(B- = Deps K-) + D(BY = Depr K+

Reps =

Repr =1+ 7“]29 + 2rp cosdp cosy

Acpi = :|:27“B Sin 53 sin fY/RCP:I: .

)

—

—

> Extension like D—mrm0 can be used => need

inputs from charm friends

10

02}

5200

5400

B*—[K*K ] K*
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5800

0.8}
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Events / ( 10 MeV/c?)

ADS measurements

Phys. Lett. B760 (2016) 117

100 4’ LHCb —

W
-
|

e
S L

..................................

> 2 fb-1 (7 TeV) + 1 fb-1 (8 TeV)

; . I bl =
5100 5200 5300 5400 5500 5100 5200 5300

LHCb

M 4 | )
5400 5500
m(Dh") [MeV/c?]

i Ir ' | ]
. [(B~ — Dl KK )+ (Bt = D[t K-1K*) I ELYYA
_ | _ | _ I r -
ADS T (B~ = D|—» K-nt|K-) + (Bt — D[— Ktn|K+) 0.81 —aw -
A - I(B~ = D—w7m K'|K™)-I'(B" = D= n"K~|K™") i ]
APS T D(B- = D[ m Kt|K-) + I'(B+ = D|— nt K- |K*) 0.6 B
1 K\2 2 5K 5 0.4 %
Raps = (rg)” Hrie |4+ 2rg|rkacosycos(0g +|dx)
AADS = QTg T"Knr Sin 7y Sln(ég -+ 5K7r>/RADS 0.2 ~ B
I NN NI

> Inputs from charm basic for the analysis 09
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G6SZ measurements

> Similar to many ADS analyses over Dalitz plane JHEP 10 (2014) 097
vg 3k L L LI — LB B e
Ksm 7 Ksm*
S | |
s 2r Ap- ~ Af—|-7’B€i(5B_7)Af:“

boss A gt~ f_lf -+ 7’Bei(53+7)Af

e Ay = (f|H|D)
|1(s1t+ 2mg [Gev2/3c4] Af — <f H|D O>
> 2 b1 (7 TeV) + 1 b1 (8 TeV)

ry =rpcos(dp £7v) and yi = rpsin(dp £ 7).

N
n

m2 [GeV?/c*]
[Bin numberl

NI, = hg+ Foi + (CU2+ + yi)Fj:z + 2/ FF_(xycyi — Yi54i)

N:E’L = hB— Fiz+($2_+y3)Fq:z+2\/ F;;F—i(x—czl:i_i_y—sd:i) )

~»

[\®]

—_
N
T ™TT

—
LN B B B e

> Charm inputs of ¢;, si crucial for the

I VS R S e e s

—— Statistical
— Total
Model Expectation

measurements 05 1 15 2 25 Lx eebpoen |

o
W

m2 [GeV?/c4] 1.0 -05 0 c 05 1.0

" CLEO-c



G6SZ measurements results

JHEP 10 (2014) 097
S n A —— T ]
v, = (=7.7+24+1.0+£04) x 1072, 309. ’m%!;
u L] GLW
= (—224+254+04+1.0) x 1072, : (] ADS
Y+ ( ) 0.6 / [c6esz

o= (25+25+1.0+0.5) x 1072,
y_ =(75+29+05+1.4) x 1072

> Effects from uncertainties on c;, s; 0 30 100 150

becomes important with more LHCb data

12
(Run 3 and later) S | | :
10 Unofficial —
> With large enough data, LHCb has o o Wi cEos ey
sensitivity to ci, Si : T
6 -
> Dalitz model obtained from Dalitz F E
analyses on charm decays (Kshh or similar 5 :
channels) important for optimizing o3 E
binning scheme for c;, si; T RS—rs

13 LHCb Integrated Luminosity (fb")



GW measurements

> B0—DKr are the decay channel of interest

> Sensitivity to y from K* resonances while
D* as reference point

> Currently GLW type analysis has been
performed by LHCDb

Im-/

+2-

+1-

\ Phys. Rev. D93 (2016) 112018

N2 A(B° - D,K")

P

-
-
-
.
-
LT g
-
.

-

.
EAST

........
-

2 AB - D,K)
~

Lo
-*
-
-
-
-
-
-
-3
-
-
-
-
-
-
-
-

> Starts to offer constraints to y and related |

|
-1 +1 +2
parameters R . Re
\2 A(B® - D, K%
-
o 12— I T T o 12 T T T
A R LHCb (a)] = | : I+ LHCb (b)
> 10f - -t > 10 . =" . 0 +
I S - 2 BbDKmty & o 2 © i BODKT
e 8— n: e a Eugnn _- e 8__ =g° ) os __
e s S B .
I 6_ oo e “ "85 ] 6_ "% a a a “an —
(:M-/ : nﬂuﬂn ) : Bu ?ug : % : :?E ) ; ﬂn§ég :
S o4p T Toele 4 % 4p F o, T a8
N 2l frree e T g e
B B EI%EB:gD as nnngngnuagﬂcﬂngg i K “an Enunngé “0e = :EI:II:IBHI:IDE!EIED ]
0 PR BT I T T | PR S 0 | SR ST SR S N’ PO T T ST T N
5 10 15 20 5 10 15 20

mX(Dr*) [GeV?/ ¢
14
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GW-66SZ measurements

> B0—DKr are the decay channel of interest

arXiv:1712.07853

> Studies also performed on GGSZ-type of analysis: two Dalitz plots!

72wl P e ol P 2 2
Agpipr|” = AB‘ AD‘ + |Ag|” |Ap|
+ 2 ‘AB Ap||Ag||Ap| (3¢ — os) cosy — (3¢5 + oc) siny] ,
Analogy to c;, si but for B Dalitz plot
End of Run 2 (~8fb™) End of Run 4 (~50fb)
6-\16_"|""|""|""_|'_ 6\3_-'|""|""|""_|'_
~— i —— Without D—K x* ~ - —— Without D—K x* -
?\ ----- With D—K x* _: : 254 0 With D—K #a* ]
5 —e— Fixed ¢, s E 5 Q —e— Fixed ¢, s i

—a— Constrained ¢, s, -
i’V i 2
—=— Floated ¢, s, -

\
\ N -
N 7

\ S

\ N N
\ A -

\
\ N -
\ S -
\ - - o S -
\ > —
N - = —— -
- l 5.-. oooooooooo -~0- 5910 Srws bl
< . —ezzanl
~. ﬂ - . -
~i s Sa
- -1 - -
.- - -
-

—— Constrained ¢, s,

6.;_. e 000 0 0 ¢ P o9 < 3___:___3____0____0__3:2?‘ ° o] l - E
4F E 5 ]
o F (a) 3 0.5¢ (b) 7
N N IR ST TR R S T T R A A R

0 5 10 15 20 0 5 10 15 20
Number of B bins Number of B bins

> Charm inputs of c¢;, si will be important for Run 1+2 data; LHCb will have
self-constraints on c;, s;i with more data but external inputs are still important
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LHCb status on y measurements

Slides stolen from Matt. Kenzie
in BESIII/LHCb workshop

3. -y averages

Status of v at LHCb

UNIVERSITY OF
CAMBRIDGE

Highest Poorer sensitivity at LHCb High potential Low stats
Statistics sensitivity (Dalitz structure of B) (multibody B)
BD B~ - DK~ | B~ - D'K*~ B~ - DK~ B - D'K*n~ B~ - DK ntn™
eca ’— 0 — * *
N \ [A _)Af(v‘)ﬂ' ] [1) ()_)D()ﬂ'()].[l) 1)_)1)()7]
D Decay
part-rec full-rec K" res Dalitz
D’ - KTK~ S 5fh S “ 3fb " (e) 3fb~! 3fb~!
D° — ntn- 5fb 5fh ! 5fb~! B 3fb ' (e) 3fb~! 3fb~!
= [(+4) D' - KtK—#Y 3fb l(o) - - - - - -
ﬁ D =5 ntn 70 3fb : - - - - - -
&)
D" - KtK—ntn— - - - - - - -
DY s ntn—mtn— 3fh " (e) 5fh ! . . . - ;
(-) |DO = K70 . i i i i i i
" DY - Ktn— 3fb~!(e) 5fh ! ° o 3fh~ ! (e) ° 3fh~?
9;1 D’ - Ktn—n® 3fh~! - - - - - -
D5 Ktn—ntn— 3fb~ ! (e) 5! ° o o - -
D' — Kontn~ 3fh ' (e) ° - ° 3fh ! (e) ° -
cﬁ D' — [\-91\'+1\-_ 3fb 1 (e) ° - ° 3fb! (o) ° -
& .
O D' - Kdntn— 7Y . - - - - - -
D' - KYKtK—n" . - - - - - -

KEY: e¢: (update) in progress
e: requires input from Charm sector (rp,dp, kp)
NOTE: LHCb has a 3fb~'(e) TD result with B — D7 K+
LHCb has a 3fb" ' (e) GLS result from B~ — DK~ with D° - K/K*x¥

Matthew Kenzie Joint BESIII-LHCb Workshop

Status of v measurements at LHCb



Y average

LHCb-CONF-2017-004
> Combining all LHCb measurements, we have

~ € [71.1,81.9° at 68.3% CL,

or = (76.8721)°,
~v € [64.3,86.6]° at 95.5% CL. 7= 517)

— If — 1 o Ir
Y LHCb - -
— 08 - Preliminary - — 08 -
0.6F 06F
04F 041
02f 02f
Ny Se=n. .- o
0 50 100 150 0 50 100 150
o o
B B° decays y %] W GGSZ y %]
" B”decays I GLW/ADS
I B* decays I Others
I Combination B Combination

> Some tension exists and may be interesting to follow-up

> Future sensitivities (scaled according to statistical uncertainties)

Run 1 Run 2 Upgrade 1 Upgrade 2
5.5° 2.8° . 0.71° 0.28°



New GGSZ analysis

> Use Fourier transformation over strong phase obtained from a model to
extract information

<I>(m?H m2_) — arg A(Dmoelel)(m?H m2_) — arg /4\%“100161)(m2 : mi)

> Fourier transformation applied to both quantum-correlated data and to
LHCDb B data

pe(®) o< po(¢) + rgPo () + 2[x. C(¢) — y+ S()].
> All orders of Fourier transformations give constraints on x: and y=

> Binning of Dalitz plot according to amplitude ratio can help

Ultimate precision:

Sample size v resolution, ° U(’Y) = 2.91£0.07°
LHCb Run 1: ~2000 CLEO: 470 | Binned optimal Fourier non-split  Fourier split

2 x 10* B* — DK=*, 103 D°DO 4.334+0.10 4.54 + 0.10 3.73+0.08

2 x 10* B* — DK, 10* D°D° 3.60 +0.08 4,51 +0.10 3.43 +0.08

2 x 10* B* — DK=*, 10° D°DO 3.49 +0.10 4.47 £+ 0.10 3.324+0.08

> New approaches requiring efforts from LHCb and BESIII/HIEPA to
make it possible
18



Other interesting channels

arXiv:1712.08326

> Other D decay channels have been used for y measurements:

KsKr, 4 global, K37 global, Km0, mrr?, KKt etc.
> Inputs from BESIII/HIEPA can definitely help a lot

o(y) [°]

20
18

llll L] L] ll"l_l'lll L] L] lllll'l_r

LHCDb
Runl Gstat

D—47 — ... CLEO- data
—— 0, , Pred. BESIII 2.9 fb"

LHChL = G, , Pred. BESIII 10.0 fb”
Run II

LHCb
Ph.1 Upgrade

E
3

10° 10°
N[B*— DK*, D— 47']

[W—
-
— E
-
o

Run 2: 10° stat.
7° sys. from CLEO-c¢

—

-~
-

~~
C

~—
B

14

- D-K3m

= Stat. only

== CLEO-c (0.8fb~1)
== BESIII (2.9fb~!)
== BESIII (10fb~")

Run I + 11
Run I - IV

IIl‘IIIIIIIIIIIIIIIIIIIIII

(o)
IIIIIIIIIIIIIIIIIIIII

0 B

10 102
Stats. x LHCbH Run-I

Run 2: 5° stat.
8° sys. from CLEO-c¢

[E—

Ksmr in Run 2: 7° uncertainty (stat. dominate)

> Other channels like Kstrt may also be interesting

> Common PWA would be very interggting for these D decays



Other similar measurements

arXiv:1802.00200
> B0—Dmr with D—hh was proposed to measure CKM angle 8, where not

only sin2f3 but also cos2f} can be accessed;

> Same decay channel but with D—Kshh is proposed and with similar
ideas as GGSZ B—DK analysis;

> Charm inputs from c;, s; required as for GGSZ analysis

U;; = K;k; + K_;k D;: =K;k; — K_;k i (50ab™) (50 b~
ST emer Jooor mer B® » Dmtm™ 1.5° 1.5°
Fij = ZJKiK—ikjk—j (Cisj — Sicj) cos 2B — (Cicj + Sisj)sin2p]  B® = Dh? 0.77 -

Analogy to those from B'—DKrm Dalitz

> ¢j, Si inputs from quantum-correlated charm mesons will be important
when statistic is low; The system can also offer self-constraints on ci, s; with
large enough dataset (i.e. LHCb 50 fb-1)

> ¢j, Si inputs are also used in charm mixing parameter measurements (model

independent approach)
20



Absolute Branching fractions

21



Charm branching fraction measurements

arXiv:1711.01157

> In LHCDb, we measure relative branching fractions;

B(Af — pr—n™)

B(A§ — pK—nt)
B(Af — pK~—K™)

B(A§ — pK—nt)

B(Af — pr~KT)
B(A§ — pK—nt)

B(AL — pr—7nT) x
B(AL— pK~K™) x
B(Af— pr~KT) x

— (7.44 +£0.08 +0.18)%,
— (1.70 +0.03 + 0.03)%,

— (0.165 + 0.015 + 0.005)%.

10° =4.72
0° =1.08
0* =1.04

0.05

XU
OOOTRY
f:f:?&‘!”"

m
0
o

o,
o
AN

T I 1

T
)
|
i

SSISISIY
oo

0.02 -
0.09 -

X107 N
RS o (@
Eéo LHCb
< 50 226851
% 40
g 30
S 20
Q

10

05206
2011 1 025
-0.024+0.06
-0.034+0.05

[ —

<>

<>

<3

¢ Data
— Full Fit

== Signal

- B Background |

2.3 2.32

M(pK wtt) [GeV/c?]

external
B(Af — pK— 7™

(6.35 = 0.33)%

> Clearly, uncertainties due to external inputs are dominant/important

22

)



|Vub| measurement

0.0060 -

Nature Phys. 11 (2015) 743-747

value
T T p- 1-0

> |Vub| is one of the key CKM matrix elements

0.0055

0.0050

> Some tension between inclusive and exclusive  ooos

measurements Zgo.omo

0.0035

0.0030

> Ratio between |Vup| and |Veb| has been IVallVel, -
0.0025 %

measured by LHCD using baryon decays oo Emeahascbo.gs .
00020 Cov o L du il oy PP LI !

0.032 0.034 0.036 0.038 0.040 0.042 0.044 0.046 0.048

cb

B(Ap— P V) e~ 15.Geve °

V.
e = (1.471 £0.095 £ 0.109) | -2

Vcb

Dominant uncertainty
Shift in central value

r-B(Af — pK—7™)
(6.35 £ 0.33)%

B(A2—> pﬂ_vu)q2>1SGeV2 _ N(Ag_> puv,)
B(Ag% Agﬂ_vu)q2>7GeV2 N(Ag_> Ag(pK_W+)N_vu)

> Charm inputs on the branching fractions are crucial (for similar analyses)
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Hadronization factor measurements

JHEP 1304 (2013) 001
Phys. Rev. D 85 (2012) 032008

> Hadronization factors for b hadrons uses charm branching fraction
measurements unavoidably

fs B(B®— D~ (Ktn~ 77 )K™) ep-x+ Np- -

fa  B(B?— Ds (KtK—n)nt) ep- v Np-k+
— ¢ Vus 2 (f£>2 0 1 B(D"— Kfnn) ep-k+ Npgns
- Vud - TBg NaNF B(D;—> K+K—7T—) EDs_w+ ND—K+

dps is a phase space factor, N; parameterizes nonfactorizable
SU(3)-breaking, Nr is the ratio of form factors.

> Systematic uncertainties from charm branching fractions normally dominate
(similar situation also for f,v/(fa + fu) etc)
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Lepton flavor universality measurements

> Lepton flavor universality test
becomes a hot topic after many
deviations seen from B-factories and
LHCDb measurements

> Charm inputs are very important
for understanding backgrounds of
R(D) and R(D*) measurements with

T— 37TV

R(D*)

0.5

0.45

0.4

0.35

0.3

0.25

0.2

arXiv:1708.08856

T T T I T T T T I
BaBar, PRL109,101802(2012)

Contribution

Simulated sample size
Siﬂ'nal modelinﬂ'

DjL — 3rX deca\ model

|B — D*"D;X, B — D” D*X, B — D*~D"X backgrounds

C I I . ----------------
..om'b-lnatou al backer ﬂluul

B — D*37 X background
Empty bins in templates
Efficiency ratio

Total mternal uncertainty

B(B'— D*3r) and B(B"— D*uuv,)

i S .
- Belle, PRD92,072014(2015) Ay”= 1.0 contours .
- LHCb, PRL115,111803(2015) . .
C_ Belle, PRD94,072007(2016) s M Frodictions ]
- Belle, PRL118,211801(2017) R(D)=0.300(8) HPQCD (2015) .
= LHCb, FPCP2017 R(D)=0.299(11) FNALMILC (2015) -
—_ [ Average R(D*)=0.252(3) S. Fajfer et al. (2012) _
C l 20 -:
u ‘ FPCP._2017' N
[ P(x*) = 71.6% —]
I 1 I 1 I 1 1 1 1 1 L 1 1 I
0.2 0.3 0.4 0.5 0.6
- R(D)
Value % '
1~
4.7
1 8
&) 5 I
- - : [ 4
T
2.8
4.5
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Conclusion

> Many important physics results need synergy between BESIII/HIEPA and
LHCb

> Combined efforts from both experiments may lead to long-waited new physics

3 == New Physics |l
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