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Outline

> LHCDb running status and upgrade plans/studies

> CKM physics @ upgrade scenario
> Spectroscopy and other interesting physics @ upgrade scenario

> Conclusion



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%



Integrated Recorded Luminosity (1/fb)

LHCb operation status

> Wonderful performance with the LHCb detector

> In total, we have already collected 7 fb-! data (1 tb-! with 3.5 TeV, 2 1b-!
with 4 TeV and 4 tb-!1 with 6.5 TeV )

> Expected 2 fb-1 more data in 2018

> More than 90% overall efficiency

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2017

= ® 2017 (65+251 TeV): 1.71 fib + 0.10 ffb - FULLY ON: 91.46 (%)
- 2016 (6.5 TeV): 1.67 /fb
- 2015 (6.5 TeV): 0.33 /fo

HV: 0.39 (%)

6 L] 2012 (4.0 TeV): 2.08 /fb
2011 (3.5 TeV): 1.11 /fb

5 2010 (3.5 TeV): 0.04 /fb VELO SafeW3 067 (o/o)

e B onQ: 174 (%)

-, Lsi B DeadTime: 5.93 (%)

2010 2011 2012 2013 2014 2015 2016 2017
Year



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
5



Statistics

' |
LHCDb I LHCb Upgrade | 1 LHCb Upgrade Il
1200 : i
[
1100 l
_ 1000 ==|ntegrated Luminosity :
£ 900 - . :
£ 800 Cross-section adjusted :
.CZU 700 _ . h _
3 600 Trigger adjusted (hadronic)
O
= 500 :
g 400 ~180X (~380X) muonic (h
300 I
200 :
100 :
0 T
l ]
2010 2015 2020 2025 2030 2035

> Cross section adjusted according to collision energy (7/8/13/14 TeV)
> Trigger improvement has large uncertainties, hope we can do better
> Great scenario for physics, but very challenging for detector

> Open questions: how to cope with much larger occupancy? Can we
broaden LHCDb physics?



Phase I detector upgrade

New tracking CAL
M5
| New VELO | stations S vy M4

-

Magn "H2 M1 1\12 =
T3
o
RICHI =
4 (O S T
ogato y B \\
O —_
RICHs: new b 7 L \
photodetectors [} B — T Calorimeters: | o
and FEE s reduce PMT gain Muon: new

and new FEE _ electronics

> Reduce occupancy and change FEE to 40 MHZ



New detector for Run 3 + 4

Side View ECAL HCAL

M3
M2

RICH2

SciFi

upgrade



Upgrade 1 trigger

LI-_IC bunch crossing (30MHz) .
No hardware trigger

5TB/s DETECTOR READOUT
Factor of 25-50 reduction
HLT1 PARTIAL RECO Sl ]
|
0.1 -0.2 TB/S Real-time alignment I
and calibrations

HLT2 FULL RECO i

5% FULL Offline reconstructiop and
associated processing

85% TURBO &

real-time analysis User analysis
Offline reconstruction and

1 P
10% CALIB associated processing .

Raw data will not be kept for these analyses
9



Phase IT upgrade

ot [ ics-driven upgrade plans

Micro Magnet Side Inner/Middle/
strips Stations Outer Tracker
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Needs for better vertex resolution

> SV resolution directly related to lifetime resolution—TD CPV measurements

> SV resolution also important for SL analyses: B momentum direction from SV-PV

A
p e
X
- | PL
" |
&' |
e e I
= 2 2 : |
Meorr = |Myxy + P+ D1 PV SV s ' p
v 1Pl
\\ |
3500 } B" » K [TRRY * B K ntv i dn
. | 2000} Ly %.
By =K putv B K utv 1 .mm
3000 .
B, — D;' W) v X 1800 B D"’ ) v X v‘ww&
{~ B, = D,"01p* v 1600} —— B, - D,"01 p* Wrwm,
2500 =‘thk
Combinatorial 1400 Combinatorial
AT MR ! ﬁ’k
2000 ¥ u ) 1200 |
o " ) 4 ’LL
Al
ﬁnr B vﬁuv 1000 :r)ﬂ d
1500 wg“ e " “k
! 800} ¥ ‘
/£ R
1000 600}
"Mj‘ ‘m“_”'__.l r m» %
v | 400 v N
500F " / Ny perd A ",
WP 200 ;,..»f’"’“‘ ' . : \
—— 'LLI » g — P AT T\“wl—ﬁw
29300 3000 3500 4000 4500 5000 5500 6000 2800 3000 3500 4000 4500 5000 5500 6000

> Better SV resolution— better VELO (i.e. granularity), removing RF foil

Corrected k” u* mass [MeV]

Perfect resolution

(upgrade I1?) etc.

11

Corrected k' u * mass [MeV])

LHCDb resolution



VELO

> Pixel (now striped) silicon detector as close to beam pipe as 5.1 mm (now 8.1 mm)

=100 T
= 90? LHCb simulation _
S 80; @ upgrade conditions E
B 70 Decay time resolution [fs]
% 60; Bg — QO B — K*O/I*//i
= S0¢ - Current VELO  48.3+0.5 412+05
: g Upgraded VELO 43.4+1.6 35.3+0.3
30F 5
20k Current VELO
10E Upgrade VELO:
Ob——— e L e 3
0 1 y. : 3
l/pT [GeV '] ;=0
t =-300 ps /\ /\
> Z
> Timing considered to further
t=0
separate PV to reduce wrong
> Z

association

t = +300 ps /\A
- Z

12




Timing in tracking

Current
Run 1 + Run 2
1.1 vis. interaction

Upgrade |
Run 3 + Run 4
5.5 vis. interaction

Upgrade |

Run 5 + Run x
55 vis. interaction

'lg U Lyl ~

"_', (7 'f} oD, lt 4:.\ (' :_,"; ‘(
“\’V Q‘. :“‘ ‘0. /'\'-';".-, -

LS

b \.;\
9,0 4% ‘\” 2 N\ N

WX A ’ ‘

> Very high ghost rate; very high wrong PV association; crucial for lifetime

Purity

measurements
e
- % Tracking system
09—
¥ 3
0.8_— \ :
b .. ghost rate
0.7_— it i
0.6:— R D e e
- ~30 ps needed
0'50_. l210l 40 GIOI l 80 ‘1(l)Ol l l1."1."0l ; .110. l 1161501 l l1810‘ l l2(l>0l

Hit time resolution

PV mismatch %

=
9F-
°  VELO
7§ - - - - Approximate VELO upgrade performance
o
s
2
3E- Modest, 200 ps
21
L e e EEEEEEE Py
% 700 200 300 2000500 600

Time resolution [ps]

> Timing info. considered for tracking system: VELQO, T-station etc.
13



Low momentum tracks

magnet | stations
TT ) T track
VELO
upstream track
- long track
VELO track T

downstream track
> Original ideas from Liming Zhang et arft

> Little momentum info. from VELO-+TT: momentum resolution around 20%
to 1% with 1 mm z-segmentation

> Improvement on efficiencies: 20%-60% depending on channels

> Interesting channels are D*— Ds0w, T channels (R(D?) etc), B¢™—BemsiowTsiow,

Zb—)Abnslow Etc. 14



RICH detector and TORCH

> Main ideas for upgrade: reduce occupancy, reduce single photon resolution,
add timing information and wider PID distinguishing range

> Focus on TORCH, a new sub-detector for LHCb upgrade

vyt F TORCH upgrade \ goo?:_ : Mwm::::::::::::O:O%¢¢¢o¢¢¢+¢¢¢+¢+@+ H’+ i
© a ]
10 - 300 mrad E : HM | | W
60 E_ . }{:?on efficiency DLL>5 +H+ *
- R AT +
L ¢ Rion mis-ID probability DLL>5
E.: A H:ion mis-ID probability DLL>0 #Hﬂ
ot W H!
E
20~ 4 i #Lﬁ ‘i
E byt
3 % e 4++ H ++++ +
J . J | 3 o MMMW:A% o +¢1.... ittt 1 ero?
Sm 10m I5m 20m

Nt A ]

qc) .. : i

> Improve PID coverage to low momentumg os: # + +1 -
tracks ® [ ek—kaL>o0 | e ]
OO K=K ALL>S N -.-%

. N BT SR B gR =25 ¢

> Also ideas on offering timing information | IRk gt B
for calorimeter particles 02 @;iéi o o B

15 0 5 io 15 20

momentum [GeV/c]



Physics with electrons,n0,y

B—n’X DP—eyp
B+—K*+m?, B*—p*pC D*—>1*mo(—yete)
N\,—pKn"), BO—K*n" DO—®y, K*y, p/wy
B%,B,—h*hT° B+—D(hht)K
| ,« B.—D./*K B.—®dy
BY—J/yTtr’ B+—D*K B, K*y
BO—J/pw T
B+—J/wp Z—ete Bb >P<I*":e+e—
W—ev Bs,1_)Bsy

WW,ZZWZ A ** N\
e , , o by
gag (-»DETOXSUV Top (I*I'b) B.*—B.y/m?°
—Dev vs. B—»Dpv y + jet X.:Xp, POlarisation
Pentaquarks —¥, ,X

> Improvement to ideal calorimeter: better energy resolution, better sensitivity
to low energy particles, wider energy coverage, better position resolution,
timing to reduce background

16



Calorimeter upgrade plans

Slides from Andreas Schopper at Annecy upgrade meeting

LHC ERA — HULHCERA
3 fb-1 +5 fb-1 50 fb-1 300 fb-1
2011-2012 2015-2018 2021-2023 2026-2029 2031-...
Run 1 Run 2 Run 3 Run 4 Runs5..
Current LHCb LHCb Upgrade | LHCb LS3 Consolidation LHCb Upgrade Il
S ————————— _—$——————

L.S2 in 2019/20: = LHCb Upgrade I

» Keep current ECAL Shashlik modules but
upgrade electronics to full 40 MHz readout

LS3 in 2024/25: = Consolidation (1b)

» Replace modules around beam-pipe (> 32 modules)
compatible with L=2x10% ¢cm2s"!

LS4 in 2030/31: = LHCb Upgrade II

» Rebuilt ECAL in high occupancy “belt-region”
compatible with luminosity up to L=2x10%** ¢m2s!

High rad. area
around
beam-pipe

High
occupancy
“belt-region”

forma
&
by
Yy
fq
ty
by
y
Y
&y
by
Y
R
b
by
K
&y
&y
i
By
&
N
Iy
=
)

s

» Include timing information to mitigate multiple
interactions/crossing

STTFE,

17



Muon detector

> Wondertful performance of muon detector in Run 1 and Run 2: tracking
inefficiencies from dead time 1% in Run 1 and 2.6% in Run 2

> Need to maintain similar performance with 5xX(50X) more occupancy

> Phase I upgrade: new MWPC with PAD readout keeps similar performance
as Run 2

> Phase Il upgrade: adding iron
shielding wall (replacing HCAL) to
reduce rate

> New detector R&D ongoing: -
RWELL appear to be promising
(others like MWPC, GEM also

possible)

18



CKM Physics

> Looking for inconsistencies in CKM matrix — extra CPV sources

15

1.0

05

= 0.0

TTITTITTITIIT]ITTIITITTITTI

IIIIIIIIT’TIII
excluded area has CL> 0.95 .

Il]l]llTTlIIIT

gl
%
(3

|

o
@°
o

Amg & Amg

<
=
A®,
To

m
A

b

v

ICHEP 16

sol. weos2f<0
(excl. at CL > 0.95)

LlllIllllillllllllllllllllll

llllIlllLlllllllllllllllllL

-

o

-15
-1.0

> New physics still possigle at 10%-15% level

-0.5 0.0 0.5 1.0 15

2.0

> Key variables for LHCb physics
programs:

Vs ﬁ(s)a a, |Vub|, |Vcb|, Amd, Amg

> Important to measure same
quantities in different processes to
check for deviations from new
physics

> Inputs from Lattice QCD etc are
also important for CKM constrain

> Prospects for selected key CKM observables are given for 300 fb-!

19



CKM angle y

> Least well known CKM parameters Y = arg [_VudVJb / (V;d 07))]

0.7

T T
06 ’ 7 Amd 8!( %Wﬁ 1 . +43 O
: 1 Direct: v = (73.5"¢%)
0% g adiwikos 2 < —: New
04 -3 L/ AR 3 VS .
= E ¢ So (N - Physics?
03 TN ] . . o +1.0\o0
, - Indirect: v = (65.375%)
| \
1 B .
oo-o.a — -02 — 0.0 — 0.12 B 0.4 o 0f6 0 0f8 ‘ ‘ 1.0
P
> v at tree level: clean theory prediction oy/y ~ 10-7 JHEP 1401 (2014) 051
u,
D“ i | D"
‘(\ S

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

Bs— DK, B*—DK* with D to hh, Kshh etc
20



Y average
> Combining all LHCb measurements. we have LHCb-CONF-2017-004
v € [71.1,81.9]° at 68.3% CL,

or v = (76.8721)°,
~ € [64.3,86.6° at 95.5% CL. 7= 57)

—1r ' ' ] — 1r
LH i LHCDb 1 -
— 0.8 __ Preliminary __ — 08
0.6F 06
RNETEUI L . 04168 3%
02F 02f
[ 955% . i
n | L
O0 50 100 150 0
®) ®)
B BY decays 7 7] GGSZ v [°]
B’ decays I GLW/ADS
B B* decays I Others
B Combination I 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°

> More channel can be explored including those with 770 and vy if we have
better calorimeter 21



sinZ2p

> CPV through interference between mixing and b—-ccs in B? decays gives

access to sin2p 7
¢/ J/
d W b _ o\
A U E— ¢ - . {' p / « Vi Via
B° || wuet vu, et || BO B | w < 3 Vb Ved
| | \ J . » Vv:b Vvu d
1; — VN » — o d ‘/:z)‘/;td
) 4 K" Y B
C(B® — [cE]KQ) = —0.017+0.020 | 0 1
0.4 — Y S(B° —» [cT]KQ) = 0.760 + 0.034 04 e
-0 B ¢(29)KY TE - .
: B, J/(fg','é(?’“nb‘)lx"f ? 0.3p/Ldt=3"fb ' LHCb 3
3 BY y b (' p JKY g - .
0.2 HE=3 Combination - g 0.2 ?4)‘:];‘\ /\—E
LHCb > 0.1F 3
: 5 of sm L E
0 S 01f W’L 3
= —02f E
02 F & —0.3phys. Rev. Lett. 115 031601 (2015)>
i contours hold 39%, 87% CL , 1 1 A . 2 B L R
0.5 0.6 0.7 0.8 0.9 1 O 10 15
g t(pS) |
> Run 1 sensitivity already reaches B-factories
Run 1 Run 2 Upgrade 1 Upgrade 11
0.034 0.017 0.004 0.002

> Upgrade statistics also gives sensitivity to the non-zero AI'q predicted in SM
22



Ivub/ vcbl and a

> LHCD has proved the ability to do |Vub|/|Ven| measurement at hadron collider

p — value
/ u 0.0060 T LA T L L LI 7T p- 1 .0
V‘” et V"’ 5L s
y &b / 0.0055 0.9
- v"' % nd :

e > 0.0050

0.0045

Nature Phys. 11 (2015) 743-747

o o . _g0.0040
> Similar measurements can also be done via =

SL decays of Bs, Bc

0.0035 |,

0.0030

Vol | Vel

> SV resolution crucial for the game = = | [ecusoasanasct>oss

o-oom PR B S RN B 0.0
0.032 0.034 0.036 0.038 0.040 0.042 0.044 0.046 0.048

V|
> Future sensitivity will be driven by Belle 11

> LHCD has limited access to CKM angle a, extract using B—nm, pm, pp;
though LHCDb has good sensitivity to B'—mtm-, B0—p0p?; sensitivity driven
by inputs from B-factories

> Hopefully we can do more with better calorimeter in upgrade

23



Amd and Ams

> Combinations of oscillation frequency Amg and Ams are dominated by
LHCDb and may continue to be dominated by LHCb

15
1.0:—
05
= 00Ff
05 -

1.0 — Y

ICHEP 16

I!Ill

excluded area has CL> 0.95 .

llilll

Am, = 0.5065 + 0.0019 ps~*

.1.slllllll

-1.0 -0.5 0.0

os 10 Am_=17.757 £ 0.021 ps?

P

LR T P

ALEPH

(3 analyses)
DELPHI "
(5 analyses)
L3

(3 .|I|A|]_'~ es)
OPAL

(5 analyses)

DO

(1 analysis)
BABAR "
(4 analyses)
BELLE

o .IIIAI]_'“ o)
LHCb "

{4 analyses)

Average of above
after adjustments

CLEO+ARGUS
%4 Ieasurements)

World average
Summer 2017

> However, interpreting are limited by Lattice inputs

myy neS(z) A*A° [(1— p)® + 77 de

G2
Amd — @
Amd A
Amg - — ’\—22

)2 (1 —p)* + 7%

24

~7%

I : I J L I .

-
e

ce

e
fof

HFLAV

0446 +0.026 +0.019 ps™*
0.519 +0.018 +0.011 ps™
0444 +0.028 +0.028 ps™
0479 +0 018 +0.015 ps™
0495 +0.033 +0.027 ps™
0.506 +0.020 +0.016 ps™*
0.506 +0.006 +0.004 ps™*
0.509 +0.004 +0.005 ps™*

0.5062 +0.0019 +0.0010 ps™*

0.5065 +0.0019 ps™

0498 H0.032 ps™

0.5065 +0.0019 ps™

Efforts from Lattice
community needed to
further reduce uncertainty
by a factor of 10 more
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> CPYV through interference between mixing and decays for Bs decays
¢M o _258 Vusvb‘l—VcsVi—l—VtthZ:O

Im

0
+*
¢ f Vusvub — \ . 1 Re
M Vts th

B(s) b

> [gnoring sub-leading penguin contribution:
s \ /s

¢s§s ~ () ¢§ld8 ~ ()

S

hth~

v
W
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$s measurements and prospects

> LHCb dominated combination; currently consistent with SM gbccs

0.12

0.10

0.08

0.06 ATLAS 19.2 fb!

68% CL contours
(Alog £ =1.15)

HFLAV

Summer 2017

.04  -02  -00

02

“0a
¢ [rad]

HFLAV combination
CCS -0.021+0.031 rad

AT, = 0.085+0.006 ps 1
[« = 0.6640+£0.0020 ps—?!

Penguin effects
under control

cCs SM

< —

Al M 0.088+0.020 ps—

> Similar (much harder) analyses performed for Bs—¢¢ and Bs—>KnKn

for ¢SSS and ¢dd8

$%° = -0.1740.1540.03 rad

Run 1
¢253 31 mrad
gb;ﬂs 180 mrad
¢§§S 150 mrad

Run 2
15 mrad

90 mrad
75 mrad

¢s9d = —0.10 4 0.13 + 0.14 rad,
Upgrade 1 Upgrade 11
4 mrad 2 mrad
22 mrad 10 mrad
26 19 mrad 8 mrad

Ags ~ 0.001 + 0.020 rad

-0.0370£0.0006 rad [CKMFitter, PRD 84 (2011) 033005]

[M. Artuso et al, arXiv:1511.09466]



° ° ° q
CPV in mixing ol=1
()
> Access through flavor specific final states (i.e. SL decays) B(S) — B(s) = B(S) — B(S

. - I'(B—+B—f)-T'(B— B—f) . I AT ton dag
sl = — = = — = — |
I'B—B— f)+I(B— B—f) My ) Am
Current B factory average for asld
. VA Qurrept LI'—|Cb: Rurlw | rr?easlurements 05 = (194 0.3) x 10-5
Phys. Rev. Lett. 114, 0416q1 (2015) 68% CL B
601 Phys. Rev. Lett. 117, 061803 (2016) 7 SM ag = (—4.1 iSOMG) >; 10 !
5ol predictions
oL Uncertanty 3 X 10-3 .
30}
o 20f Zoom (and different LHCh projection pogmon)
N 12 ______________________________________________ 65/ _______________ 3 ncertalnty 1 10 -4
2 i / il
— | _ SM
20} ' Y
=30 “«\u“ -2k
_4980 —7'0 —61() 50 —410 —.%O , —/21{)0 W ll() (:) 1 ;) 210 :3 : H C b
o . Upgrade |l
LHCb Upgrade Il projection 6

L 1 A
“250 49 4() ’H 1() "S () l 5 I() 5 0 5 10 15 20

(arbitrarily taken SM central value) 710
27 :



CPV in charm

> Charm CPYV predicted in SM at level of 104

> Sensitivity already at this level, very interesting with more data collected

AAcp measurements: direct CPV

Sample (ﬁ) Yield (>< 109) O'(AACP) O'(Acp)
DO —>K+K_ ........ DD—>7T+7T -------------------------------------------------------
Run 1-2 (9fb 1) 0.08 0.03 - 0.03% 0.07%
Run 1.4 (50 fb_l) 10 0.31 001% ............... 003% .......
Run 1-6 (300fb~1) 5.7 1.8 0.005%  0.01%

CPV in mixing and decays

CPV in interference

= | ' | ' | ' |
- HFLAV World Average Jan 2017
0.4~ [l + LHCb with 300/fb .
_O —
&
>3 02 =
£ S
X e
ET No CPY
é § or - _
e
a
0.2 —
Y | | . L | |
0.4 0.8 0.9 1 1.1 1.2
CPV in mixing = |a/pl1 l9/pl,

28

> Most sensitive channels: TD

measurements with D0— K-,
D0—Kshh, D0—hh

> Time to measure or predict:
which channel should we look at



Bsy—HH

> Highly suppressed FCNC mode, sensitive to new physics

o 7T Tl rfyrryrIrrrrrrer /vy
L 35 Total 0 + 1=\ = + X -10
E W — B BFSM (B°—->u*ru)=(1.06+£0.09)x10
= BDT > 0.5 seer Bl oy
vl DY L Combinatorial
E 2 " v B = h'h" BFSM (BSO — U’ Ll_) = (360 + 018) X 10°
2 f - B, » m(K)u'v,
g 15 B™ = n" Bobeth et al. Altmannshofer et al.
g e Ag—’PP_Vp [PRL 112 (2014)101801] [arXiv:1702.05498]
© 10 ""'~+ B, = Jyu'v,
st P 1
0775000 5200 5400 5600 5800 6000
m,..- [MeV/c?]
> First single experiment observation by LHCb A new physics model

6.x10710 ~ T, . T
B(B — ptp~) = (3.055%) x 107° (S = 7.80) - constrained by other

5.x10710

B(B® — ptp~) < 3.4 x 10°"° at 95% CL _ Runl gasurements
> In upgrade 11, we may expect 10% Ry A :
precision on the ratio between two & 100 P oint: SV

modes and 0.03 ps on effective lifetime

1.x10710
Upgrade 1
0 L L L | L L L 1 1 1 1 1 1
0 2.x107° 4.x107° 6.x107° 8.x107?
29 Br( By—p* 1)

> CPV will also be interesting



Other rare decays

> Statistics is the name of the game;

> Sensitivity scaled according to 1/VN

JHEP 02 (2015) 121

LHCb

grade 11

6 38 0 12
BR(t- = ut u ) [x 10-8]

B(r— = p ptu~) <4.6 (5.6) x 1078

EPJC 77 (2017) 678

=1

© 1
095F LHCb -
09f 12 at upgrade 1§
0.855 _-
0.8: — —

0o 2
B(K —uw) x10°

B(K? - ptp~) < 0.8 (1.0) x 107°

EPJC 76 (2016) 232

> 25 K L) I Ll Ll L) T I L Ll Ll T l Ll L) T T I LS Ll T T [ Ll Ll T T l Ll T T L)
g - —&— Data (tight+x>x, selection) ATLAS

[ —#— Data (tight+x>x_selection) 8 1
§ 20— Fit o the SB data /s=8 Tev, 20.3 fb -
2 [ B8 Fit uncertainty <. Sidebands (SB) ]
g - - Signal (tight+x>x ) selection) - .- Signal region 4
W R S e ) i

2000 2100
m,, [MeV]

B(tm = pptp~) <3.76x1077

1500 1600 1700 _ 1800 1900

arXiv:1710.04111

g ! LHCb -

B(B°— e*u¥) < 1.0(1.3) x 107°
30
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Lepton flavor universality measurements

T T T I T T T T I
BaBar, PRL109,101802(2012)
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Bc physics (1)

PRL 113 (2014) 212004
JHEP 01 (2018) 138

> Though several new decay channels have been observed by LHCb, a
large set of B¢ physics have not been touched due to limited statistics

> With about ~180X (~380X) more statistics for muonic (hadronic) final states,
interesting studies on Bc¢ excited states, Bc—D (WD and Bc—Bs etc.
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> Currently, only ATLAS claims

a observation of excited Bc state
with a mass of 6842 +£ 6 MeV,

possibly B¢(2S), but not
confirmed by other experiments

> B¢ excited states with
Bc*—Bcenm, Bey, Bepp with
interested to look at



Bc physics (2)

> Bc—D ) (D) supposed to be sensitive to CKM angle y; though yields are
much smaller than golden modes, rg.~1 for Ds mode and 0.1 for D mode
(amplitude between b—u and b—-c¢) and thus large CPV

LHCDb unofficial
b i vBA Dot B ]
/ \ -7  fu B(Bi—ﬂ?;:ﬁ“) < 1010 i Ds: 7X104
PR . fe B(B{—DJ D°) 4
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fe BBI2DYDY) g5 10-3
— , . fu B(Bt—D+D0) ' ) |
A(BE — DID) — A(B, — D, DY) IR e och N e o0 SN
Cai-Dian Liu et al. , PRD 86 (2012) 074019
I leld rati
> With the upgrade IT Channel _ B yield ratio
statistic, these channels can Bf — DfD°  (23+£0.5) x107°  (3.14£0.9) x 1077

(
start to appear Bf— DID°  (3.0+£05)x107% (40+£1.1)x 107"
(

Bf— D*D®  (324£7)x 1076 1.0£0.3) x 1074
BF— DTD" (0.10£0.02) x 107% (3.2£0.9) x 1077

Large difference on BR between different theoretical
3calculations (theoretical uncertainties)



Baryons with 2 or 3 heavy quarks

> One of the most excited results last year: EZ..*"; wonderful collaboration
between theorists and experimentalists in China

RS L | -
> 180F LHCb 13 Tev :
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> See Yuehong’s talk for more details

> More baryon states can be found with upgrade data; further collaborations

with theoretical community is important
34



Unexpected discoveries

> One of the most charming part of experiments is to discover unexpected
physics (see Yuanning’s talk)
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> Spectroscopy: understand QCD at low energy; fill gap between Lagrangian to
real resonances

> For sure, we may have more with upgrade statistics



Conclusion

> Physics driven detector upgrade:

> Maintain detector performance in upgrade conditions (50X visible collisions),
reduce effects due to SO0X tracks

> Broaden LHCb physics reach based on Run 1 + 2 experience

> LHCD continues to produce very interesting
physic results and try to search for new '
physics in a broad range of final states

0.5}

04f

> Prospects given mostly based on :
scaling w.r.t statistic increase N o2

> Future is challenging and difficult
to predict, but hopefully it is better _
than prospects -0

> Global scenarios of flavor physics may change with upgrade statistics —
collaborations with (Chinese?) theorists are always needed to make sure

we are leading these changes -



Backup slides
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Physics prospects with upgrade I

LHCb 2018

Type Observable Upgrade Theory
(50 fb_l) uncertainty
i
B mixing 285(B® — J/y¢) 0.025 1 0.008 ~0.003
2B5(BY — J /¥ f0(980)) 0.045 0.014 ~0.01
a, 0.6x1073 [} 02x1073 | 0.03x 107>
Gluonic penguins 2BT(BY — ¢¢) 0.17 I 0.03 0.02
26T (BO > K*K ™) 0.13 0.02 <0.02
2B°%(B0 — ¢K?) 0.30 0.05 0.02
Right-handed currents 2B¢H(BY — ¢y) 0.09 0.02 <0.01
1 (BY — ¢y)/tp0 5% 1% 0.2 %
Electroweak penguins S3(BY > K¥utpu—;1<g? <6GeV?/c*) | 0.025 | 0.008 0.02
soArs(B? = K*utp) 6 % 2 % 7 %
Al(Kputu;1<g? <6GeV?/ct) 0.08 0.025 ~0.02
BBt »>ntutu~)/BB*—>Ktutu™) | 8% 2.5 % ~10 %
Higgs penguins BB — putu) 0.5 x 10~° | 0.15x 107°}] 0.3 x107°
B(B® — utp~)/B(B® — utpu) ~100 % I ~35 % ~5 %
Unitarity triangle angles  y(B — D™ K®) 4° 1 0.9° negligible
y(B? - D¢K) 11° 2.0° negligible
B(B® — J/YKQ) 0.6° 0.2° negligible
Charm CP violation Ar 0.40 x 1073 1] 0.07 x 1073} -
AAcp 0.65x 1073 | 0.12x 1073} -
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Upgrade II physics prospects

Topics and observables Experimental reach Remarks
EW Penguins
Global tests in many b — sy~ modes e.g. 40k BY - K*u*p~ & 70k A) — Au*p~; Phase-Il ECAL required for

with full set of precision observables;

lepton universality tests; b — di*[~ studies

Photon polarisation

A% in B = ¢v1; B' = K*e*e;
baryonic modes

b — ¢l lepton-universality tests

Polarisation studies with B — D*)r—7;;
7~ /p~ ratios with B?, A) and B} modes

BY, B'—putp-

R=B(B" = p ) /B(B] = p*p);
TBO st p> OF asymmetry

LFV 7 decays

T = ptpTpT, 7T =S htppm,

T = ou~

CKM tests

v with B-— — DK—, B? - Df K~ ete.
¢, with BY — J/¢K+K—, J/ymtn—
5™ with BJ — ¢¢

Al'y/T'4

Semileptonic asymmetries af,"

Vsl /|Ves| with AJ, B? and B} modes

Charm
CP-violation studies with D — h+h—,
D 5 K%7n+x— and D - K¥n¥ntm—

Strange
Rare decay searches

Phase-II b — du*p~ =~ Run-1 b — s~

sensitivity.

Uncertainty on A® = 0.02;
~ 10k A} — A7y, B — v, O — Oy

eg. SM B = D*t v, 77 = u vy
& ~ 100k 7= = 7—wtw— (7)o,

Unecertainty on R =~ 20%
Uncertainty on 7go_,,+,- ~ 0.03ps

Sensitive to 7~ — ptpu—u— at 1079

Unecertainty on v = 0.4°
Uncertainty on ¢, = 3 mrad
Uncertainty on ¢2** ~ 8 mrad
Uncertainty on Alg/I'y ~ 1073
Uncertainties on a%” ~ 1074
e.g. 120k B} — D"u v,

eg. 4x10° D 5 K+K—;
Uncertainty on Ap ~ 105

Sensitive to KY — ptpu— at 10-12

lepton universality tests.

Strongly dependent on
performance of ECAL.

Additional sensitivity expected
from low-p tracking.

Phase-II ECAL valuable
for background suppression.

Additional sensitivity expected
in CP observables from Phase-II
ECAL and low-p tracking.
Approach SM value.

Approach SM value for afl.
Significant gains achievable from
thinning or removing RF-foil.

Access CP violation at SM values.

Additional sensitivity possible with
downstream trigger enhancements.
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