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Outline

e LHCb experiment

* Recent results (very selective)
—charm decays
— Electroweak measurements
— Discovery of pentaquark states
—Heavy ion program at LHCb

— First physics from RUNII
* Summary

Physics from B decays
( Yuehong Xie’s talk)




LHC is a powerful flavor factory

proton - (anti)proton cross sections

 Huge numbers of beauty and S
charm hadrons prOdUCGd 1°‘ Teva;tron LHC

* All types of b-hadrons
B°, B, B_, B, A}, ..

and c-hadrons
D, D%, D, A,, .. “!

c (nb)

1

33 -2
107 cm’s

events / sec for .
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LHCb Detector

LHCb, Int. J. Mod. Phys. A30 (2015) 1530022

Forward spectrometer running in pp collider

® 2 < 1 < 5range: ~ 25% of bb

pairs inside LHCb acceptance

LHCb MC

Excellent vertex and IP, decay time resolution: Hadron and Muon identification

* 0(IP) = 20 pm for high-p tracks * €k~ 95% for €,k = 5% up to 100 GeV
« (1) = 45 fs for BY - J /¢ and BY - D m*t decays * €y, = 97%fore,,, ~1-3%

Very good momentum resolution: Data good for analyses

*6p/p = 0.5% — 1% forp € (0,200) GeV *« >99%

* o(mmg) = 24 MeV for two-body decays



LHCb Trigger at RUNI

Versatile two stage trigger
* Hardware-based LO trigger: moderate Py cut

e Software high level trigger: full detector information sent to
trigger farm @1.1 MHz

e 3 kHz output rate (2011), 5 kHz (2012)

LHCb 2012 Trigger Diagram

-RICH2 \h

40 MHz bunch crossing rate

~ > <>

LO Hardware Trigger : 1 MHz
readout, high Er/Pr1 signatures

450 kHz 400 kHz 150 kHz
h* H/up e/y

N
[ Defer 20% to disk
J

~

Software High Level Trigger
29000 Logical CPU cores

Offline reconstruction tuned to trigger
time constraints

Mixture of exclusive and inclusive
selection algorithms

I O IO

6/ S5
5 kHz (0.3 GB/s) to storage
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Physics program at LHCb

* Not only precision measurements in b, ¢ sectors
- CKM and CP-violation parameters
- rare decays
- testing lepton universality
* But also a general purpose experiment
- electroweak measurements: sin@y,,, W/Z, top quark, ..
- spectroscopy, exotic hadrons
- soft QCD
- heavy ions
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LHCb data taking

g I ‘ ATLAS & CMS ~4X1032 Cm'zS'l (RUNI)
£ | ~3x1032 cms! (RUNII)
g 0 LHCb (Run 1) =4 x 102cms™! cf. 2x1032 cm2s! (design)
% [LHCH (Run2) =32 x1032cm 2] -
E B LHCb
= i Beam 2 = :—g_%mm boarn
' "5 1i0 — 15 % LHCb Integrated Luminosity in pp collisions 2010-2016
Fill duration [h] _
g€ E e 2016 (6.5 TeV): 0.91 /fb 2012
> ’E 2015 (6.5 TeV): 0.32 /b =
g 18 e 2012 (4.0 TeV): 2.08 /b
. E _E e 2011 (3.5TeV): 1.11 /b
1 fb-l In 2011 at 7 Tev é B = 2010 (3.5 TeV): 0.04 /fb
. T L4f
2fb!l in2012 at 8 TeV 5 b
1. =k 2011
0.3 fbin 2015 at 13 TeV R
0.9 fbin 2016 at 13 TeV osf>
06
0af
02
0Mar - M:a.y< . Jul Sep Nov
Date
2016/8/15 Y. Gao, Selected Results from LHCb Experiment 7




Recent results from B decays

e Measurements of CKM matrix elements

e CPviolation

* Rare decays and tests of lepton universality

-=> Yuehong Xie’s talk on Tuesday morning
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Recent results

e Measurement of CP asymmetry in D° — K~ K *decays
LHCb-PAPER-2016-035 (in preparation)

* Search for mixing and CP violation with
Wrong-Sign D° —» Km from B - uD*X
LHCb-PAPER-2016-033 (in preparation)
* Searchfor D? —» etu~ decay

LHCb-PAPER-2016-035 (in preparation)

2016/8/15 Y. Gao, Selected Results from LHCb Experiment 9



Acp(D° - KK)

LHCb-PAPER-2016-035 (in preparation)

e Experimental method K~

— raw asymmetry D** D°._

—— -
-

N(D® » KK) = N(D° > KK)  py s -+

Araw(D® = KK) = —
raw( ) N(D°® - KK) + N(D° - KK) K*

— measure the CP asymmetry

ACP(DO - KK) = AraW(DO - KK)
—Ap(D*T) = + 0(A3)

— detection/production asymmetries eliminated by control processes

D" 5 D> Kt , D" » K ntnt, Dt - KOt
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Acp(D° - KK)

LHCb-PAPER-2016-035 (in preparation)

e Use 3fb! data collected at RUNI
Acp (KK) = (0.14 + 0.15 + 0.10)%

consistent with CP conservation
* Previous measurements

— AAcp =Acp(KK) — Acp(mm) = (—0.10 £ 0.08 +£ 0.03)%
(now agrees with SM, PRL 116 (2016) 191601)

| T T T
S % i
F 0.5 I‘HCbm ggggggggg '
: B LHCb gggggggggg
\é B .LHCbcomb
<

— Acp(tm) =(0.24+0.15+0.11)%
— combine muon tagged results (JHEP 07 (2014) 041)

with full correlations

ASYMP (KK) = (0.04 + 0.12 + 0.10)%

ASMD () = (0.07 + 0.14 + 0.11)% S I

T I
LHCD Prelminary—
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Mixing & CP violation with D® - K from B — uD*

LHCb-PAPER-2016-033 (in preparation)

e DY-D? mixing
—mxing — mass eigenstates + flavor eigenstate
—mass eigenstates |Dq,, ) = plDO) + qll_)")
mo—mq I—-TI'1

2 2 __ — — _—
|p| +|CI| —1,X— r 'y_ 2T 'F_ 2

e CP violation
As = (fIH|D), A; = (f|7¢|D)
. L Ag
— Direct CP violation: ‘—‘ 1
Af
— CP violation in Mixing: E‘ + 1, weak phase ¢ = arg (%) + 0

c7l_
— CP violation in Interference between Mixing & Decay: arg (ng) =0
f
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Mixing & CP violation with D® - K from B — uD*

LHCb-PAPER-2016-033 (in preparation)

« D%-D? mixing in SM

Short Range W Long Range o
C——WWWWW——— 1 =
D D
d,s.bY Ad,s. b
U ———AMMWWWWW——— ¢ -
w T ,K

— Mixing enters at 1 loop level in SM, GIM and CKM suppressed

— Non-perturbative long-range effects may dominate short-range interactions,
difficult to calculate

— X,y expected to be < 0.5%

— CP violation expected to be O(1073) in SM. If enhancement seen, could be

the signal for new physics
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Mixing & CP violation with D® - Km from B — uD*

LHCb-PAPER-2016-033 (in preparation)

* Time dependent wrong-sign/right-sign ratio

R(t)i —

DCS

DO

Mi @ CF

()-

ws()E
RS(t)*

+ + tt x'i2+y'iz t 2
~ Rp +\/RDy . 4 (;) X

coso sind\ (/x py B .
() et
—sind cosd/ \y

d: strong phase deference between DCS & CF

* Flavor doubly tagged by u~, t{; Extremely clean signal sample

2016/8/15

_J

* Data
—Fit

.Backgrolmd
Nps ~1.7TM

2000 2005
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2015 2020 2025
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RY/gf[10°)

R7g[10°]

R

R¥/g

Mixing & CP violation with D® - Km from B — uD*

LHCb-PAPER-2016-033 (in preparation)

° I . .
Three scenarios Combined with results from prompt D" decays
— mixing only LHCb, PRL 111 (2013) 251801
Parameter DT+4prompt combination Prompt alone % Error Improvement
—no direct CP violation No CPV
Rp[1077] 3.533+0.054 3.568 = 0.067 19
— i i x"2[107%] 3.6+43 55+49 12
all CP violation allowed Y10 593 084 450 008 ”
2
. . .. X°/NDF 96.594 /111
consistent with mixing only
.................. - No Direct CPV
= Rp[1077] 3.533+0.054 3.568 = 0.067 19
= x"2[107%] 49+50 6.4+56 11
3 y"*[10-3] 5.14 + 0.91 4.80+1.08 16
E x2-[10-5] 2.4+5.0 46+55 9
3 y"-[10-3) 5.32+0.91 48+1.08 16
= Al CPV Allowed
3 Rp[1077] 3.474 +0.081 3.545 = 0.095 15
<E = x"2+[10°] 11+65 4970 7
E N = y'*[1073] 5.97 +1.25 5.10 +1.38 9
2E = R;[1073] 3.501 + 0.081 3.501 = 0.090 10
osf- = x"#7[107%] 6.1+6.1 6.0+6.8 10
oE l [ E ¥y [1073] 450+1.21 450+1.39 13
LOE _‘._._J_.;_T,.‘._._.f._._.i i E x2/NDF 94.960/108
sk s . 1 + E4 0, Selected Results from LHCb Experiment 15
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Candidates / [1.7 MeV/c?]

Search for D — et~

LHCb, PLB 754 (2016) 167

* Predicted to occur in R-parity violating MSSM

PRD 66 (2002) 0140009, Int. J. Mod. Phys. A29 (2014) 1450169

* Previous 90% CL limits on the branching ratio
3.3x10~7 (BaBar) prpss(2012) 032001, 2.6X1077 (Belle) prp 81 (2010)091102R

. Use D*T > Dx* decays at LHCb, new world best limit

BF(D° - e*tu™) <1.3(1.6) x107® @ 90 (95)% CL

- -
PO IRV TRT ST (NSNS S (N TN TN T NN TN VO U NV SN0 W N T S S U U T U0 N T O W0 W O WO W S W Y 1

—Total PDF D% — epn —D% — 7w === Combinatorial bkg

AZ' =aLE B L I A A B BN BRI B B
S 0F ~
3 LHCb :
= =
~ —.— -
a _‘
< Foa g e

g .
: T T S
S [

8 [ .

PO [N TN TR SN TN TR TN (NN SO s S T T 1 PR T T T |

182014$3011840 1850 1860 1870 1880 1890GH0%ed@M0ed Results from LMOb ExXM2rimdd4 146 148 150 152 154 16
m(ept) [MeV/c?] m(ep) - m(ep) [MeV/c’]



Recent results

* Measurement of Z forward-backward asymmetry

JHEP 11 (2015) 190

2016/8/15 Y. Gao, Selected Results from LHCb Experiment
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Z forward-backward asymmetry at LHC

-

sea quark with lower x

* Define valence quark with higher x o
NF — NB q /* qa
s Ng + Np /

 More asymmetries in the forward region

ATLAS/CMS and LHCb, AFB, Born, LHC 7 TeV

0-5 T T T
NNPDF2.1 ——
04| CT10 LHCb

03 | MSTW ——
0.2
0.1 |

ot
-0.1 | —
-0.2 |
-0.3
-0.4

Arg

ATLAS / CMS|

From A. Vicini
University of Milano, INFN Milano
meeting of the LHC EWWG
CERN, November 29th 2011

L I

60 70 80 90 100 110 120
M” (GeV)
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Colin-Soper frame
(di-muon rest frame)
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/ forward-backward asymmetry at LHCb

LHCb, JHEP 11 (2015) 190

om 06 T 1 1 1 - o 06 1
[T ] w
° b‘l < 05F LHCb 1 < 05FE LHcb
Use 3.0 fb™ at RUNI < ost e
2.0<n<45 2.0<n<4.5
Uncertainty —average A|A§1§d| gz gz
PDF 0.0062 0.1 ;;? —— data \s=7Tev 0.1 ;? —} data \s=8Tev
scale 0.0040 0 *-Ff POWHEG + PYTHIA 0 ﬁ." POWHEG + PYTHIA
e (sin?6{]' = 0.2315) = (sin?6{]' = 0.2315)
o 0.0030 -0.1 __!__“*“ -0.1 i
FSR 0.0016 02f. . 7 TeV 0.2fupes 8 TeV
030 8IO 1(')0 1 éo 1 4'10 160 030 8I0 1 <')o 1 éo 1 :10 160
muu [GeV] m.U!-l [GeV]
sin26w.er= 0.23142 + 0.00073 (stat.) £ 0.00052 (syst.) £ 0.00056 (th.)

2016/8/15

LEP+SLD 0O 0.2315+0.0002

Phys. Rept. 427 (2006) 257 T q) I
LEP A;(b) O 73774+

Phys. Rept. 427 (2006) 257 0.2322+0.0003 ] (i) -
SLD A,p ) O 0.2310+0.0003 O o
Phys. Rev. Lett. 84 (2000) 5945 q) c
DO om 231550.0005 S
Phys. Rev. Lett. 115 (2015) 041801 0.2315+0.0005 D_

CDF =0~ 0.2322+0.0005

Phys. Rev. D 93 (2016) 112016 e 4(7; O
CMS M ] l J
Phys. Rev. D 84 (2011) 112002 . o —
ATLAS —O0— 0.2308+0.0012 Z -
THEP 09 (2015) 049 (0))
LHCb —0— 0.2314x0.0011 Q
JHEP 11 (2015) 190 Nl

0224 0.226 0.228 0.23 0.232 0234
. 2peff.
sin"O;
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Recent results

 The discovery of pentaquark states

LHCb, PRL 115(2015) 072001
LHCb, Chin. Phys. C 40 (2016) 011001

LHCb-PAPER-2016-009
LHCb-PAPER-2016-015

2016/8/15 Y. Gao, Selected Results from LHCb Experiment 20



A} = J/PpK~ at LHCb

Ay, — J/YpK

Event 251784647
Run 125013
Thu, 09 Aug 2012 05:53:58 Ay

decay point
- : Y P -

PP
collision point
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2016/8/15 Y. Gao, Selected Resulfs,

Surprise in /12 - J/YpK™

LHCb, PRL 115(2015) 072001

Unexpected large yield found with 1 fb™' |1ch, pre 111(2013) 102003

Used to measure A} lifetime wics, L5734 (2014) 122

LHCb

Surprises seen:

narrow peak in my ,,,  *F %

| P PR N T T
2 | 3 4 5 6

Full amplitude analysis to A(1520) - pK" MGV T

— 3000 1

explore the details = ssoof-

(@) LHCb

—=— data

—— phase space

. . 22
m,, [GeV]



Amplitude analysis of /12 - J/YpK~

LHCb, PRL 115(2015) 072001

* 6D amplitude: m,k- & 5 decay angles

* 2 models for A" - pK~ contributions based on PDG
- Extended model allows all LS couplings of each resonance,
and include poorly motivated states
- Reduced model uses only well motivated states

- Other possibilities checked

* Model independent analysis confirmed that conventional pK~
contributions cannot describe the data, with minimal assumptions
on their spin, and no assumptions on their number, shapes,

masses, widths, and interference patterns
LHCb-PAPER-2016-009
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Discovery of pentaquark states

LHCb, PRL 115(2015) 072001

* Need two new states in J/yp to fit the data (no J/y K~ states!)

(@) C

o =joy
/::Z
)
<
7
oN-joy
/ gl
acoo

% 2200 —=— data o 800
UE) 2000 : @  LHCb ttg?ll(gtround E 700
= 1s00f- ¢ SR A
5 L --<p-- A(1405) )
£ 1600 o -4+ A(1520) £ 600
2 1400 i A1670) 2
s A(1670)
w H ~ox-- A(1690) LI 500
1200 » -3%-- A(1800)
b B~ A(1810) 400
1000 ;8 fe-- A(1820)
800F- 'l:, v ﬁgggg; 300
s oA
600 . "’l l"'do' -~ A(2100)
; L ---Ac-- A(2110) 200
400 ' Y ook A(2350)
200 s ) 4= A(2385) 100
- 1.8 2 2.2 2.4 2.6 | —

my, [GeV
2016/8/15 Y. Gao’f’ScL_Iecte]d Results from LHCb Experiment M yyp [GEV] 54



Discovery of pentaquark states

LHCb, PRL 115(2015) 072001

* Need two new states in J/yp to fit the data (no J/y K~ states! )

P.(4380)* P.(4450)*
JP 3- 5F

2 2
Mass [1\~‘IeV/c2] 4380 =8 +29 44498 +1.7+25
Width [ MeV] 205 +£ 18 =86 39+5+19

Significance 90 120
3~ 5+ 5T 3~
 Best fit has JP = = (/ower mass) and — (higher mass), (— '5 ) or
+
(E E ) also give good fit, opposite parlty is highly significant.

. Branchmg ratios measured ,
LHCb, Chin. Phys. C 40 (2016) 011001

B(A}— PF(4380)K™)B(PF — Jipp) = (2.56 £0.22+1.28 1 732) x 107>
B(A}— Pt (4450)K™)B(PF — Jipp) = (1.25£0.154+0.33 17 75) x 107>

2016/8/15 Y. Gao, Selected Results from LHCb Experiment 25



Discovery of pentaquark states

LHCb, PRL 115(2015) 072001

* Argand plots

0-15_11Il]lIIIIIllllllllllllllllllllllIIllll]lllllllll__llllIlllllllllllllllllllIllllllllllllllllllllllll_

T+ O E

v -
< oif
£ F

0.05F

ofF--------ff--------------F--v---------- - A ]

-0.05} P,(4450) '
P (4380)

0.1

-0.15F

-0.2F

-0.25 E— : !
'LHCb + 5 E

_0.38:11IlllIllllllllllllllllllllllllllIlllllllllllllll::llllllllllllllllllllllllIllllllllllllllllllllllll:

-0.35 -0.3 -0.25 -0.2 -0.15 -0.1 -0.05 O 0.05 0.1 0.15 -0.1 -005 O 0.05 0.1 0.15 0.2 025 0.3 0.35

Re A% Re A%

Still large errors, not conclusive!
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Pentaquark states in /12 - J/Ypm™

LHCb-PAPER-2016-015

e Cabbibo sbuppressed decay, more than a factor of 10 lower statistics
thanin Ay - J/YpK~.

* More complex because of Z S e d k]
<D1 02k ; —— RM N*+Z_+2P, _
. , I - =107¢ il EM N* ]
T oaf LHCb:PAPER-ZGlG-O'lS E o F o od %y o P, (4450)
© F [T~ arXiv: 1606.06999 LHCbS & <omc Po(4380)
O, 28p Fan T g 5 [ & e Z.(4200)
$ 26F e - S
NE\J 24 .\T\\ _: 910_ * d -
Z.(4200)" F % TR~ N : > 10¢
22— AR -t N [ A
3 Fromeesmn N
: SRR /) o Pl4380)° s
18 A I R - (5 ) == IS [ S
16, [—=F=i " 3 T AT SN s
P 4 1 1.5 2

6 25
2 >
Nucleon excitations My [GeV'] My [GeV]

* Full amplitude analysis performed: Significance of 2 P, states is
3. 30, if assuming production of Z,.(4200) is negligible
-> Not an independent confirmation of the P_ states

2016/8/15 Y. Gao, Selected Results from LHCb Experiment 27



Recent results

 Heavy ion program at LHCb

2016/8/15

Y. Gao, Selected Results from LHCb Experiment
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Heavy ion run at LHCb

* LHCb fully instrumented in the forward region (2 < n < 5)
- heavy ion collisions in a unique kinematic area:

low pr, large y, very small or large x

muon system
hadron PID
HCAL
ECAL . 10° e
tracking > f I
lumi counters LHCh 8 [ Juuc DIS + DY N
0 8 6 4 -2 0 2 4 & 8 10 E |:||y|<2.5 ;"
n i . f !
mm ALUICE 104k Z production £
| |
— spy = 5.02 TeV
10 8 -6 4 2 0 2 4 6 8 10 103 3
n 3
ATLAS [
] -
: .milllln. =
- m m .
-8 -6 -4 -2 0 2 4 6 8 10 F
: L
CMS+TOTEM 101k
I E
I I
.
-8 6 .4 .2 0 2 4 6 8 10 ]0() N, TR AT I PP L A al i (T A
— ' : 107 10 105 10 107?102 10! 100

XA
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Heavy ion run at LHCb

 Heavy flavor productionsin pPb & Pbp : J/Y,yY(2S),Y (ns),D

LHCb |

LHCb

(oY) n ' ' A
%120:— t pPb |8 =5TeV 1 % > PPb |5, =5 TeV
L NN T i 80 NN =
§100:—Y(ns) L r E 70
o I 1.5<y<4.0 : © 50<y<-25
8 sof p,<15GeVic - Q 60 p, < 15 GeVic
e 0 50
Q - T [}
- 60— > - -+
4] R i
St forward : S 40 backward
< 40 + 1 c‘% 30
O ol : O 20
-t 10 f
o] S T - e e S L R TP SRS PR S .
9000 10000 11000 9000 10000 11000
My [MeV/eT] My, [MeV/c?]
I — T T omnl L
3 102 = LHCI; grgliminary E Q 102 - LHCbspfFIi,nﬂnary 4
- = c = - = —
% i ESE @ward ] % ;.235 ]\/Sa%ckwarc(; ]
O —E&E == - @) L _:z: |
= | — == forward | < ——o— backward
"g 10 ¢ —— E "g 10 £ —— E
b L —l— A - —
B —V—o¢— B A
b% | +15<y*<20 —Q—__ b%‘c | & 5.0<y><< 4 —A__._
q_lc Q«H &+ 20<y*<25 __:’: ) = ¥ 45<y*<-40 ; - .
o lf +25<y*<30 A= Ol S 1F +40<y*<-35 _?_—'—_,__z
F ¥ 30<y*<35 DO - F - 35<y*<-30 DO Y
- ©-35<y*<40 . | e -30<y*<-25 ? _4_2
o1 ot
0 2 4 6

8
p.. [GeV/c]- Gao, Select
T

ed IQesuIts fro%n LHCb E;(tperimeﬁt6 [GeV/C]8
T

LHCb, JHEP 02 (2014) 072,
JHEP 07 (2014) 094,
JHEP 03 (2016) 133,
LHCh-CONF-2016-003

Open heavy flavor &
qguarkonia as tools to
study cold nuclear
effect (CNM)
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Heavy ion program in fixed target mode

* LHCb collects data from colliding beams & fixed targets

2.76,7,8,13, 14 TeV

® — —©
p p

1. Reference 2. Cold nuclear matter effects 3. Quark-Gluon Plasma
115 GeV, 8.1 TeV 71 GeV, 5.1 TeV
p
Pb Pb Pb

SMOG: System for Measuring the Overlap with Gas

“pump” valve  Flow to VELO Pirani gauge

Evacuate and
leak detector

“fill” valve
PV501

High pressure
Piezo gauge

High pressure
volume

“HP” valve

To high pressure
Neon bottle

s @
P Ar Pb Ar

* Injection of noble gas
into interaction region
* Simple and robust system

e Used for a precise luminosity determination:

(o)
1.1% accuracy at RUNI - e, st o (2014) 12005
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Heavy ion program in fixed target mode

e Data taking, more in 2016

LHCb rapidity coverage in rest fr‘am
IIIIII!IIIIIIIII!IIIIIIIII!III? Ebeam ““

10T ARSS T

(\1\
%5555555
7 N A R U T A S
z
Z

=7 . ppp —— : /3 450GeV 0.9 TeV

107 p-Pb : N __________ ___________ __ ..... ........... ....... _é 138 TeV o T Already collected

w0 PP o 1 25Tev 5Tev  69Gev
Po-Pb )

10° p-6AS T s o —
Pb-GAS s )

104 g_ ........ .......... , .......... .......... ... ......... .......... ........ _§

3.5 TeV 7 TeV

4.0 TeV 8 TeV 87 GeV 5 TeV 54 GeV

6.5 TeV 13 TeV 110 GeV 8.2 TeV 69 GeV 5.1 TeV

(oL yEn(sm\ e . [¥=Hn(sim,) ]
E : : : : : : 3 7.0TeV 14 TeV 115 GeV 8.8 TeV 72 GeV 5.5 TeV

B B e o e S

y
GAS targets: He, Ne, Ar, Kr, Xe
mmmm—) Different sizes of colliding system
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Heavy ion program at LHCb

* Fixed target runs

2015 pNe fixed target run at \/Syy = 110 GeV 2013 PbNe fixed target run at ./Syy = 54 GeV
~ . 120 N
(SJ : LHCb Preliminary <SJ 14 :_ LHCb Pre"minary
g 100'_ p-Ne Collisions § _ Pb-Ne Collisions
© B o 12—
2 80 293+17 | £ 813
e T o o
Y 6ol T
B 6
40 i I/
B 4— J\ %
20— = H H Jr Jr
L 2_— H v H e
£++%ﬂ+‘ X | : 1 | ! lll- il | il | il lWi
8900 3000 3100 3200 3300 3400 3500 0 3000 3100 3200 3300 3400 3500
dimuon invariant mass (MeV/cz) dimuon invariant mass (MeV/cz)
e Expect more results in 2016 Bridge the gap from SPS to LHC

with a single experiment
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Recent results

* J/1 Production at 13 TeV  JHEP 10 (2015) 172

* bb cross-section at 13 TeV from b — X, uvX

LHCb-PAPER-2016-031 (in preparation)

2016/8/15 Y. Gao, Selected Results from LHCb Experiment
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LHCb Trigger in RUN I

TURBO stream introduced in 2015

e 5kHz of 12 kHz go to TURBO

e Only trigger information saved
— smaller event, faster analysis

— Used for high yield exclusive
trigger lines: J /1, D°, D™, ...

First QUICK results at 13 TeV:

- J/Y production  JHEP 10 (2015) 172

- charm production JHEP 03 (2016) 159

- Z production LHCb-PAPER-2016-021

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

~ <> <>

LO Hardware Trigger : 1 MHz
readout, high Et/Pt sighatures

450kHz  400kHz 150 kHz
h* | H/HH e/y |

. Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online

detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

r Ir 11

12.5 kHz (0.6 GB/s) to storage
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J /Y cross section at /s = 13 TeV

LHCb, JHEP 10 (2015) 172

* A quick measurement of J /1 cross-section at /s = 13 TeV
based on 3.02 + 0.12 pb~! of data
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JJ/Wb(LHCb) = 2.34+0.01 £0.13ub
Pr <14 GeV/c,2 <y <45

2016/8/15

LHCb

3<y<35
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quasi proper lifetime variable
1= 13 TeV, Ly, =3.05 pb* to separate J /1y from prompt/from b
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bb cross section from b = X . uvX

LHCb-PAPER-2016-031 (in preparation)
* Measuring right-sigh combination of charmed hadron

D°,D*,D A, Fs

and u not pointing at the primary . N
- i.?--*"i————————p—

vertex, but forming a good vertex

* Measured cross section a(pp —» HpX),
including contributions from
— B°, B, B*,B~; B, B

— A}, A} + other b baryons



bb cross section at+/s = 7,13 TeV

LHCb-PAPER-2016-031 (in preparation)
e Same measurements at 7 TeV & 13 TeV

50

S P
S 45 s
<40 <~
=
S 5 =
> 30 =<
as T
p 2
o 20 L
e oy
v 15 =
= 10 ~

5 LHCDb 7 TeV Preliminary
0

Center-of-mass Cross-section in LHCb Theoretical
energy acceptance (ub) predications (ub)
arXiv:1507.06197
7 TeV 71.7+0.5+6.5 627
13 TeV 164.9+2 3+14.6 1117,
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R,; (do(pp— H X)/dn)

Cross-section ratio

LHCb-PAPER-2016-031 (in preparation)

* Some tensions with theoretical predictions
41 T — T r ' T ' 1
i =roNLL (¢) o
3 i ~+ Data Measured from pp - bbX,b/b — J/YX
2.5 = T T T
—F— S [ LHGb
2 _8 | {s=13 TeV/ {5 =8 TeV cross-section ratio
1.5 \_c;os B __
| Q‘— - '__*_'
LHCD % Preliminary ;,;“w ______ SRS
0.5 i
obl o ) 1+ —
. . . n - B3 FONLL
Measured ratio Predicted ratio .
(FONNL) 0, 3 4
2.30+0.25+0.19 1.79702 v(J/ )
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Summary

 LHCb has made great progress with RUNI & RUNII data
— Precise measurements from b and c decays
— Electroweak measurements
— Discovery of two pentaquark states P.(4450) and
P_.(4380), and other exotic states
— Promising results from the heavy ion program
— First results from RUNII data
* Aim to collected 6 fb™! in RUNII
 LHCb major upgrade in 2019-2020, 50 fb-1 after upgrade
Stay tuned !
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