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+ QCD, Electroweak, Hadron spectroscopy ...
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« 1.7 fb71 (2016) + 0.3 fb~! (2015) @ 13TeV

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2016
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LHCb ¥IEE T {E4HE & A (PWG Conveners)

WG 1/1/2014 - 31/3/2016 1/1/2015 - 31/3/2017 1/1/2016 - 31/3/2018

QEE  P.llten* (MIT, US) W. Hulshergen (NIKHEF, NL) Xabier Cid Vidal (Santiago, ES)
BNOC E. Rodrigues (Manchester, UK) T.Latham (Warwick, UK)  Stefano Perazzini (CERN)
B20C  C. Fitzpatrick** (EPFL, CH) S. Malde (Oxford, UK)

B2CC Y. Amhis (LAL, FR)

CHARM C. Gobel (PUC, BR) A. Di Canto (CERN)

SLB M. Vesterinen (Heidelberg, DE) C. Bozzi (Ferrara, IT) Patrick Owen (Imperial, UK)
RD T. Blake (Warwick, UK) M.-O. Bettler (CERN) Albert Puig (EPFL, CH)

BANDQ M. Pappagallo (Glasgow, UKW Z. Yang (Tsinghua, CN)J Lucio Anderlini (Firenze, IT)

CHARM = Charm physics

SLB = Semileptonic B decays

RD = Rare decays

BANDQ = B hadron and Quarkonia

QEE = QCD, Electroweak & Exotica
BNOC = Charmless b-hadron decays
B20OC = B decays to open Charm
B2CC = B decays to Charmonia

2016/12/17 2nd China LHC Physics Workshop 6
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A SRASHEI
* Inspire-HEP 5[ FH : 285 %

s BERIMBIZE S AARER ZiRE
» ZNERFSARLIBRFERES
i& DURYIERIZ IR 154 (2004) |
Frank Wilczek (MIT##%) ‘G"
ESHAEL -

[Nature 523, 267-268]

“It's about the most exciting discovery in QCD
| could imagine,” says Frank Wilczek, of ...
himself an architect of QCD.

& DURYIIBRIRISE (1969) SRR
_“EI(JTE H EZGell-MannE B2 8iFEid -

“This is part of a long process of discovery of
particle states,” he says, regarding pentaquarks.
2016/12/17 2nd China LHC Physics Workshop

am

PRL 115, 072001 (2015)

Hom urrent Issue | Archive | Audio & Video | For A
ssssssssssssssssss m

Forsaken pentaquark particle spotted at CERN

Exotic subatomic particle confirmed at Large Hadron Collider after earlier false sightings.
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PRL 115 (2015) 072001 "*° PRL 117 (2016) 082003
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A?) - ] / 1I)pTl'_ Ellgj:uﬁg:m PRL 117 (2016) 082003

> P.(4380)", P_.(4450)*, Z.(4200) —EEENEEER
3.10 9 FEFTFRFSHERIER

> PIFMNEFEREFSHNAMTFEMA B EE
> TIRMFIR Z,.(4200)" WREATLLZEE, P HWEEER 3.30

m Fit fraction (%) | R, x = B(A} - Pin~)/B(A} > PEK™)

Z.(4200)~ 7.7+ 2834 —
P.(4380)* 5.1+ 1.5%21 0.050 + 0.0163:922 + 0.025
P.(4450)*  1.6708+06 0.033%3018 £0:055 + 0.025

[ H.-Y Cheng and C.-K Chua, PRD92 (2015) 096009 ] : R,/ x = 0.07~0.08

[ Y. K. Hsiao and C. Q. Geng, PLB751 (2015) 572] : R;/x = 0.58 + 0.05 (HEER

XMFSIAAP HccRBES)
A} = J/yprn- B P ZEJLEE J/YypK HEER— ﬁ
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Physics (APS) Synopsis: 2016.08.18

Synopsis: Pentaquark Discovery E30C0em

Confirmed

Evidence for Exotic Hadron Contributions

0
August 18,2016 to Ay — J/yprDecays
R. Aaij et al. (LHCb Collaboration)
New results from the LHCb experiment confirm the 2015 discovery that quarks can combine into groups of five. Phys. Rev. Lett. 117, 082003 (2016)

Published August 18,2016

Model-Independent Evidence for J/yp
Contributions to A} — J/ypK Decays

R. Aaij et al. (LHCb Collaboration)
Phys. Rev. Lett. 117, 082002 (2016)
Published August 18,2016

CERN

Announcements

Neutrinos

Find out more about research on neutrinos in this

Pentaquarks are here to stay. Two new studies from the LHCb collaboration at CERN’s Large Hadron Collider quash . . . .
collection of articles from the archive of Physics.

any remaining doubts about the discovery of the exotic five-quark particles that was announced last year (see 12
August 2015 Viewpoint). One study demonstrates that the evidence for pentaquarks in the discovery data is model More Announcements »
independent. Another reports evidence for exotic hadronic particles—whose properties are consistent with those of

http://physics.aps.org/synopsis-for/10.1103/PhysRevlett.117.082003

2016/12/17 2nd China LHC Physics Workshop 14
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Fas BA) = i A) = (4.19 +0.29 (stat) £ 0.14 (syst)) x 10 VEISERE

M(Z7) — M(A)) = 177.08 + 0.47 (stat) 4 0.16 (syst) MeV,

—b
o - 0
B /AR L e 28 LHCb-PAPER-2016-053
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Search for Structure in the BYz* Invarian

dates / (5 MeV)

R. Aaij et al. (LHCb Collaboration)
Phys. Rev. Lett. 117, 152003 — Published 5 October 2016
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B+—J/wh* (h=K, = ) #8%BRFIAA, & (Run 1)

B-— J/yn- B+ — J/yn*
® b—ccsIHFERIEERRXITHIEIRA? ~0.05 goFT ]
B, ERsn2pMEERNPBRIME - T =he LT [=he
e LERER. : w/\ = Comb,

® B— J/Ll_jn"‘iﬁﬁb—)(:(:dﬂi\&iﬁ?? , %I ﬁ Do 5200 5400 5600 s000 5200 5400 5600

m{JApn) [MeV/c?] m(JApn*) [MeV/c?]
FASZAESR |, S EERRE.
B-— J/YK- B+ — J/YK+
® NZB(B*— J/Ynt)/B(B*— J/YKH)F0O S , I ,
3 1 M % r STev i?ﬁZ fit % TS i?a; fit
Acp(B*— J/Yn*)BBITEHISin2BES 20 o ok ] 3 Ehacr
PRI 2R R, i o NMEN - Ny
£ ok 5
oS00 5600 TN i
mUAK) MeV/c?] mUAK") [MeV/c?]

FALHCb run-130EERIHA SEHER

B(B*— J/Pn+)/B(B*+— J/PK*)= (3.83+ 0.02+ 0.03)x10-2

Acp(B*— J/Pn+)-Acp(B*— J/PK*)=(1.82+ 0.86+ 0.12)x10-2
FMABSERIAGB— J/YK)MEERATLABEIAGB— J/Pn*)
LHCb-PAPER-2016-051 20
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Run 2531t

Bt FreE B A

EBIgB+— J/UKIFENZ=L3 TeV ppiiERIBF=4&EE , HSEICTISEHUK.
DITENGIEREZMER.

CPigIATA5
1. HARER : 7£B.— J/Wo =T hEENEIeHEMAR, , SHBNTFEEF
BRI IR RN
2. MEB,— ¢¢ FIB,— ou*n IFECPHIA , IRERb— sELEFAIFTYIER Rk
3. AN BEHHRIERA IR | S cEF=ZHRICPHIA
4. FHAL= A AL A D FELEFEZPRICPHIA

hﬁﬂ gL
SKEFHATE., BFHEATEREFHREFHATEFEZERIRE |, tb
9DB+—’P urut, Byg—pru”
2. SHW/Z REeFmEREE , thilZ—D%FIW+—D*y
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Phys.Rew.Lett. 114 (2015) 041801
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Run 253t , FERUSAIFES(ER | FIFH2015+20165892fb1253E%T
B,— J/YoEkB,— J/ Y mEHITAHNT |, FlH2017FEE6Y)
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less studied, most of its experimental - E
knowledge from LHCb ERe % 1. 3
~ + + coE 4*44*4;"-4:-----:; £
o For every 200 B™ only 1 B;

25 =
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o sE TP e e L T 1T :
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clean signal (5.10)!
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LHCb-PAPER-2016-058, in prep.
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EZFTieHFE (2011-2015)

8.

9.

10.

ey

20 J5: PRL5-+ PLB 1+ PRD 3+ JHEP 8+ EPIC 3

Measurement of | / 1 production in pp collisions at \/s = 7 TeV, Eur. Phys. J.
C71 (2011) 1645.

Measurement of b-hadron masses, Phys. Lett. B 708 (2012) 241.

Measurements of B. production and mass with the B, — ]/ ym decay, Phys.
Rev. Lett. 109 (2012) 232001.

Measurement of the BT production cross-section in pp collisions at /s = 7 TeV,
JHEP 04 (2012) 093.

Observation of the decay B, — J/ ¥ (2S5)m, Phys. Rev. D 87 (2013) 071103
(Rapid Communication).

Measurement of B meson production cross-section in proton-proton collisions at
\/s =7 TeV, JHEP 08 (2013) 117.

First observation of the B. — |/ WK decay, JHEP 09 (2013) 075.

Measurement of | / 1 polarization in pp collisions at /s = 7 TeV, Euro. Phys. J.
C73 (2013) 2631.

Search for the doubly charmed baryon =_., JHEP 12 (2013) 090.

Measurement of Y (2S)polarisation in pp collisions at \/s = 7 TeV, Euro. Phys. J.
C74 (2014) 2872.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Study of |/ gj production and cold nuclear matter effects in pPb collisions
at \/syy = 5 TeV, JHEP 02 (2014) 072.

Study of Y produciton and cold nuclear matter effects in pPb collisions at
\/Syny = 5 TeV, JHEP 07 (2014) 094.

OM%%Séllrement of CPviolation in B — ¢¢ decays, Phys. Rev. D 90 (2014)
5 :

li'lg% (o)gservation of a baryonic B, decay, Phys. Rev. Lett. 113 (2014)

Precision measurement of CP violation in B — ]/ WKt K ~decays, Phys.
Rev. Lett. 114 (2015) 041801.

Measurement of the CP-violating phase B in B® - |/ yrn*n~ decays and
limits on penguin effects, Phys. Lett. B 742 (2015) 38.

Measurement of B, production in proton-proton collisions at /s = 8 TeV,
Phy. Rev. Lett. 114 f2015) 132001.

Observation of | / Yp resonances consistent with pentaquark states in
Ay — J/ YpKdecays, Phys. Rev. Lett. 115 (2015) 072001.

Measurement of the branching fraction ratio B(B} — Y (2S)n™)/
B(BY — J/ ™)), Phys. Rev. D 92 (2015) 072007.

Measurement of forward | / Y production cross-sections in pp collisions at
\s = 13 TeV, JHEP 10 (2015) 172.
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ZFe3FIFE (2016)

21. Study of the production of A} and B° hadrons in pp

collisions and first measurement of the /12 -]/
8/){9116 alloranching fraction, Chin. Phys. Lett. C40 (2016)

22. Study of Y 9325 ) production and cold nuclear matter
?’Z/Befés) i{@ﬁ b collisions at \/syy = 5 TeV, JHEP 03

23. Evidence for exotic hadron contributions to A} —
JJbpr~ decays, Phys. Rev. Lett. 117 (2016) 082003

24. Measurement of the ratio of branching fractions B(BF —
J/WKY)/B(BY — J /W) JHEP 09 (2016) 153

25. Search for structure in the Byn* invariant mass spectrum,
Phys. Rev. Lett. 117 (2016) 152003
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Bt IR

o Observation of triply charmed BF — ] JWDMK®™ decays,
LHCb-PAPER-2016-055

* Measurement of the | /1 pair production cross-section in pp
collisions at /s = 13 TeV, LHCb-PAPER-2016-057

* Observation of the £, — J /WA K~ decay, LHCb-PAPER-
2016-053

* Measurement of the branching fraction ratio and CP asymmetry
difference of B~ = J/Yn~ and B~ — J/YK~, LHCb-PAPER-
2016-051

2016/12/17 2nd China LHC Physics Workshop 29



LHCb talks at this workshop

* Plenary (2016.12.18)
- 8:30am Liming Zhang (Tsinghua Univ)

Spectroscopy and Exotic states
- 9:20am Jibo He (UCAS)

CP Violation and Rare Decays at LHCb
e Parallel (2016.12.18)
- 14:00 Hang Yin (CCNU)
Study of Bc physics at LHCb
- 14:15 Xuesong Liu
b baryon decays and the search for exotic hadrons at LHCb
- 16:15 Liupan An
Study of Double parton scattering at LHCb

2016/12/17 2nd China LHC Physics Workshop
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LHCb-RAEH4B L 5

. ﬁiﬁjq;}_ (member 2000- )

SERT, ixE, KB, KEEH

T@::}: 2, HT4&£E S5, mTt4A 3

o £MIME K (associate member 2013 - )
-BIBRLT, P

-FHxFE1, MTtaEb
e h[E \ﬂ_?_ng:q_ (associate member 2015-)
- FPPAIE, ARE, AEK, &3O (20165F)
-EtE4, BLE4E 2, 42
N KEE (ossociote member 2016-)
- = (20165 F) , &4
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« RFELRWAHANED, LHCO-rEARRD, FZE

« LHCh-FAEHEE—PEfK
- AN+ HIRFIRE
-HEHS, BREESFESE

s BERFHERSHRI, e 7 LHCO-HEHMNE
1, e T TESRNEREIR
- femKIRFIE I LHC b = E 2R {4
- R BGRE LB RN EZESERINE
R ERTIINEFIE
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LHCb &{FABXCCNU HAJFG

IIALHCbEIS =55 , LHCb&{FET 20165108 13HXFCCNUEHIT S
—RENHE. ERUT

“The Membership Committee reviewed the contributions
of the CCNU group, associated to Tsinghua.

We congratulate the group for their high profile
contributions to the physics analyses, surpassing any
expectations given the limited size of the team.

Furthermore, the group is currently making important
contributions to the tasks of common interest on vertexing,
tracking and material description.”

-- LHCb Spokesperson, Prof. Guy Wilkinson, University of Oxford

2016/12/17 2nd China LHC Physics Workshop 34
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LHChERMSIHA R T EAR
1. FEAR

LHCDb up to .S2 LHCb upgrade

» running at levelled luminosity » 1ncrease luminosity to a levelled
of ~ 4-10%* cm=s!, pile-up ~1 1-2-10% cm2s!, pile-up ~5

» first level hardware trigger » run fully flexible & efficient
running at ~1 MHz software trigger up to 40 MHz

» record ~3-5 kHz » record ~20-50 kHz

2. RiRIT—0XHAE, 2019F5ERK
3. ALRL % 80OM CHF
(cf. FRMEFEH T 78M CHF)

2016/12/17 2nd China LHC Physics Workshop 36



LHCDb statistical sensitivity to flavour observables |

Expected statistical uncertainties before and after the upgrade, compared to theory

Type Observable LHC Run | |LHCb 2018 |JUpgrade 50/fb Theory
BY mixing bs(BY — Jib ) (rad) 0.049 0.025 0.009 ~ 0.003
¢s(BY — Jib fo(980)) (rad) 0.068 0.035 0.012 ~ 0.01
Aa(B?) (1073) 2.8 1.4 0.5 0.03
Gluonic o (B = ¢¢) (rad) 0.15 0.10 0.018 0.02
penguin ¢ (BY — K*°K*Y) (rad) 0.19 0.13 0.023 < 0.02
26°%(B° — ¢KQ) (rad) 0.30 0.20 0.036 0.02
Right-handed ¢ (BY — ¢ry) (rad) 0.20 0.13 0.025 < 0.01
currents (B — ¢7)/7po 5% 3.2% 0.6% 0.2%
Electroweak S3(B” — K*utp;1 < ¢* < 6GeV?/c?) 0.04 0.020 0.007 0.02
penguin q App(B® = K*u*pu) 10% 5% 1.9% ~ %
A(Kptp— 1 < ¢ < 6GeVYet) 0.09 0.05 0.017 ~0.02
B(BT - atptp~)/B(BY — Ktptp~) 14% 7% 2.4% ~ 10%
Higgs B(B! - u*p~) (1077 1.0 0.5 0.19 0.3
penguin B(BY = ptu~)/B(BY = ptu~) 220% 110% 40% ~ 5%
Unitarity ~(B = DWKM™) 7° 4° 0.9° negligible
triangle '7(B? — DK ) 17° 11° 2.0° neghgible
angles B(BY — J/ KQ) 1.7° 0.8° 0.31° negligible
Charm Ap(D" - KK ) (10 %) 3.4 2.2 0.4 -
CP viclation AAcp (10-9) 0.8 0.5 0.1 -
e —— ——

Eur. Phys. J. C 73 (2013) 2373

—> Experimental precision with upgraded detector comparable to theoretical uncertainties!
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