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Outline

» LHCb schedule and upgrades

» The prospects of selected LHCDb physics
- Rare decay: B(s)0—= u*u-
- b—sll transitions
- Test for LU In B—»D"tv
- CKM angle y
- CPV in Bs mixing

> Summary
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LHCb schedule

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 203+

Run III Run IV Run V
LHCDb 40 MHz L=2x1]103 LHCD Consolidation L=2x10% LHCb PhII [ =2y J0°
- -
UPGRADE 50 7! UPGRADE 300 fb
X\
RICH detectors Muon system
VErtex LOcator y

new photon detectors (SiPM) new off-detecor
improve RICH1 optics electronics

new (silicon pixels)

interaction
point

Tracking system Calorimeters
new (silicon strips, scintillating fibres) new readout electronics
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LHCb schedule i
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Prospects for
» Rare decay: B0 -
P

P

P
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f BY— e g BY— utu
Powerful test for the SM and NP 5 A T it
: : - | i A T -~
- BF precisely predicted by SM B! a)+\‘< B LW‘,
" . -
- Sensitive to BSM physics P
. CM:dnJLHCU(HCunl) E—
CMS+LHCDb Run 1 g: 5;;1.,.,“%\5
3 ; :mmmmm
< 6.20 (3.00) for B0 = - ﬁ %7}\ - Sembtrichictamnd
S Br(BSO—} u+u-)/Br(BO—} IJ'+|J'-): é” %\%ﬁ *%Najure 522,168
consistent with SM within 2.30 F- A
- lMcJ/’I
B(BY » utu7) B(B® » )
CMS (3.0’:%'_%) x 10~° <1.1x10° (95% CL) [PRL 111 101804 (2013)]
LHCb (2.01%1 0) % 10_9 <7.4%x10 " (95% CL) [PRL 111 101805 (2013)]
ATLAS (0. 9+ g) X 10~ < 4.2 x 1071 (95% CL) [arXiv:1604.04263]
CMS+LHCb (2.8[%%) % 107° Nature 522 (2015) 68]
SM (3.66 ) x 1077 (1.06 %0.09) x 10~ '° PRL 112, 101801 (2014)]
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Prospects for Br(Bs)

\\

- LHCDb will collect 50 fb-' and 300 fb-1' at LHC-HL (3 ab-! for CMS)
- Systematics: 5% fs/fq, 3% B*+*—=J/PK+ (normalisation channel)

0, + —
0 4+ - B(Bg—p p )

LHCb Run | 1x10° 80% [Nature 522 (2015) 68]
HCb 8! G 0.49 x 10 39%

LHCb 50" IR 0.25 x 10~° 16%

LHCb 300 b~  Run 5 e 107° 8%

CMS 3ab * (barrel) '0.3x 10 ° 21% [CMS-PAS-FTR-14-015]
Theory 0.3x 1077 5% [PRL 112, 101801 (2014)]
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Prospects for
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» b—sll transitions
B>

P

P
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b—sl| transitions

A\
Many observables in many decays = a rich set of results
- dBr/dg?; Br; Acp; Angular ...
- Br=K(m)ru(e)ru(e); BO=>KEOu(e)tu(e); BL2dptpr; AP Aptp...
--LHCb -m-BaEar —a-Belle eml ] - S B B S S S SR S e 2| 2w 1l — r P
. 2 [ |~ .E LHCh 3 |% JHEP 02 (2016) 104
= LHCb 1§ % B F L SM from DHMY
1‘5:- | . _: xg bf_ 310 E 0_\}~+-‘ fL.-ICbRu\-an;]ys:s —:
: + ;',: sk [ || l = 0: Be”e 210 ]
i SN 5 4‘ . . ‘i - T i
4 3 L+ 3l :
05k 260 11 = 1 E 05— e | =
! . ; :T\'-'z lf‘ —: ._t— ._h
O’ I ! 1 | 59/ 0— 1 1 1 g I Voo b e | .-
¢ 5 10 5 20 Q 5 IC 15 5 10 5o
g2 1GeV3e? ¢ [GeV*/c* q* [GeVcr]
LIICb, PRL113 (2014) 151601 LHCb, JHEP 1509 (2015) 179 LHCb, JHEP 1602 (2016) 101 ok

Intriguing results:

- Tests of lepton universality with Bt—=K+u(e)*u(e): 2.60

- Differential BF of BO=>K 'y, Ap? = A, BOP—=2Ou+u: 1~30

- Angular analyses of BO—=>K®)0pu(e)*tu(e), BPL=Ou+u, AP Autu: ~30
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%Prospeets for BO-> K Ou*u

channel Runl Run2 Run 3,4 (50fb—1)
|_Bg — K9(K*7m Yutp— | 2,400 9,000 80,000 | 1

B & KT (KinH)utp~— | 160 600 E O Run 5 300 fbr

B —» KQutu~ 180 650 RV Signal yields ~ 0.5 M

Bt — K utu~ 4700 17,500 150,000

Np — A~ 370 1500 10,000

Bt = rtutu- 03 350 3,000

BY — utu~ 15 60 500

BY —» K¢te~ (low g?) | 150 550 5,000

Bs — ¢y 4000 15,000 150,000

Altmannshofer et al [EPJC(2013)73],

Uncertainties suppressed o — 1% d
- Complete set of CP asymmetric observables | »f |

= have been measured 2ol > T e
- Uncertainties in plots shrink by ~ x10 i . s
- Sensitive to NP contributions ok U T
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% Prospects for Ay’ = A*utu

channel Runl Run?2 Run 3,4 (50fb~1)
BY 5 KO(Ktn)utpu- | 2,400 9,000 80,000 1
BO — K*H(Kor+H)utp~ | 160 600 5500 |RCUESKEIUGRie)
B® — KQu*u~ 180 650 RV Signal yields ~ 60 K
Bt — Kutu 4,700 17,500 150,000
Lgb — At~ 370 1500 10,000 |
Tt 03 350 ,
B — putp~ 15 60 500
B - Kete~ (low ¢q?) | 150 550 5,000
Bs — ¢y 4,000 15,000 150,000

More observables will be measured

-In Run 1: dBr/dg?, Alrs and Ahgg have been measured
- In future: BF, CPV, A°rz = more sensitive to NP

- LHCDb will uniquely contribute these observables
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Prospect for
P

P

» Test for LU In B—=D*tv

P

P
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&8% Lepton universality (LU)

A\

Popular NP test via:

R(D) =

B(B — D1v,;)

B(B — Dl?l) 7
- In SM, only difference between B—+D*tv and B—-D*uv = mass of lepton

R(D*) =

B(B — D*17.)

B(B — D*lﬁl)

Powerful test for the SM and NP e <“
- BF precisely predicted by SM 3 wesvo O
- Sensitive to NP . -
o~ 05 s s S B S S e am s e 4, T
e . : :::I{:.r.l";:{l;‘lll‘l::;'llu:!l‘\;;;!'\l‘_lil;" -37.: = 1.0 contours 7
= 045 :— l'll(‘l,. PRl.ll:’-.l‘ 1.:«?«.:«»1::, s SM Predictions ]
Y S oesxnacens 4 |6 | atest HFAG average: 3.90
<E 1 < With Belle new R(D*)
oE 1 < Strong motivation for improved
oasE — m_ measurements
0'2().#2 ‘ Of.? ‘ 0%4 - 0#5 - (;.b
— R(D)
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A\

/; . Analysis strategy improved
DN *3 - Current LHCD result: leptonic decay
| - 3-prong pion decay = in the future

- Good T decay vertex but Br |

-—
—‘

Primary
arXiv:1602.03030 B¥op o |
-gv= -22
- gv= 1.2
A tiny fraction of sample analysed 005t Mev 12

- With 300 fb-!, T=uvv samples will grow by a <

0.00:
factor ~ X200, T mruv samples by ~ x400 w

~0.05}

More observables will be measured A, 7 [GeV?]
:0O(107) B—D*tv(T—pVV) = angular analysis A10: Sensitive to Im[gv,p ]

- 0(10) Bc—J/YpvX = R(J/P) to be measured gy 4 ~ (D(A/Ug2 ), 9T ~ —(9(A22 )
NP NP
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» CKM angle y
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CKM angle y

v
— B - DK !

v - Bager
L : - B* — D*K* »'.::'. ]
- LHCb dominates now the world average s Jf e

- No limits for systematic nor theoretical prediction
- 0(y) ~0.1° in Run5, combining all modes:

- New D modes: D—KKrmt, D—Ksormm©

- New B modes: B—»D*K, B—»DK*+, Bs?—Ds**K

[Charles ct al., 1309.2295] [Charles =t al,, 1309.2233]
1.5 '| [ | | I I I | ) | | I I I | | { I I | | [ | 15 _! T 1 LI | B | l LB UL | LI L i
[sacuded araa has CL 5095 | _.m-nn-u.:m Y % : | l \
o ! anz . - , T 0 20 40 60 B0 100 120 140 160 180
Z S | , . :
o b 2030 7 T ¢ _ LHCb |
L . o [ +7. imirary
- 038 N ‘Y - (70'9-8.5 )0 ol T
1= ol I |
] 06/
05 Z [
v& () & V| 1 041 68.3%
40| yla) ] - = 02 _
C : y R LR 95.5%
- r' C Sy I L1 11 l L1 11 I L1 11 l 11 l- -1. | I I L I | LI B B I | B B | LI I | l | I B B | 0 h
PRy 0.0 0.5 10 15 2.0 B0 s 0.0 0.5 1.0 1.5 2.0 40 60 R0 .
p B arXiv:1611.03076 it
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» CPV in Bs mixing
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K88 CPV in B, mixing: Bs—J/pX

$s(SM) =-36.4 + 1.6 mrad
ord| wsv' ] pzg | LHCD results with 3 fb-1
58% CL : BsO=>JIWK+K-, Os=-58+49+6 mrad
SEEEHPL L B JIpmHTT, 9s=70+68+8 mrad

: Bs®—DgstDg, ®s=20+170+20 mrad

| LHCb average: ®s=10+40 mrad

ATLAS1821b°°
04 0.2 0.0 0.2 0.4 E— —
HFAG average: ¢, = -34 + 33 mrad 95" [rad]
= 0.06 . . 0.08 .
s inputs from LHCb-PUB-2014-040 E inputs from LHCb-PUB-2014-040
: 0.05 T i Mar. '12 h June '13 : Jan. '15 - 0.07 7 7 Apr. '12 ~June '13 May ‘14
o Data 037f6! 10f ! 30T > 0.06 Data 1.0fb~* 10fb~' 3.0fb7!
B 0.04 Tagging Power 191%  3.13% 373% = Tagging Power 2.43%  337%  3.89%
12018 Tow! 1.0x 4.4x 158 2 0.05 12018 Total 1.0x 1.4x 4.8x
0.03 _Error 018 009 0049 0.04 _Error ;175 0.165 0.068
| 0.03 BS J/ Ll)fo
0.02 359 /b |
I 0.02 |
0.01
: 0.01 |
0 ‘ 0 |
Run1l Run 2 Run 3 Run 4 Run 5 Runl Run 2 Run 3 Run 4 Run 5
~ - -1 . i
0(cs) ~4 mrad with 300 fb o(ds) ~5 mrad with 300 fb?
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K&& Other measurements

CPV in Charm sector

1.22 0.53
IT 0.92 0.37
III 0.42 0.15
AY) 0.25 0.09

44 70
20 33
12 20

Strangeness RD: K0— u+u-

(10°3) | (1079) (10 3) (mrad)
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Conclusion

» LHCDb: one of main players on flavor physics
> With the future upgrade
= Indirect search for NP: much improved precision
> Rare decay: B’ = Ut
» b—sll transitions
> Test for LU in B—-D*tv
» CKM angle y
» CPV in Bg mixing
> Inputs from you are always welcome

Jhank you for your attentions
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LEHCD

Constraints to NP

\\
PRL 109, 041801 (2012)
N T T T
Excluded at 9% C.L.
= o Tlustration for Aar(¢ps = 0,7) ]
Future data gives access to further observables
1.0} )
s | « Effective lifetime tuu(Aar)
- Scalar and pseudo-scalar/-vector contribution
- differentiation
0.0 - W
02 04 06 08 : 12 14
|P|
PO I Electroweak penguin processes (b—sl+):
€ —‘JQJ FCNC transitions
T - Suppressed in SM
j - NP contributions at the same level as SM
-3:. ol s
K P 1 0 | 2 3
cy”
2016-12-18 Xuhao Yuan, BINP 22
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Constraints to NP

Type Observable Current precision LHCb 2018 Upgrade Theory
(506~ 1) uncertainty
BY mixing 2B,(BY — J/Urop) 0.10 [139] 0.025 0.008 ~0.003
2B:(BY — J /¥ f0(980)) 0.17 [219] 0.045 0.014 ~0.01
as 6.4 x 1073 [44] 06x10° 02x10%  0.03x1073
Gluonic penguins 2B81(BY > ¢¢) - 0.17 0.03 0.02
2B (B0 — K*0K™) - 0.13 0.02 <0.02
2B°1(BY - ¢KY) 0.17 [44] 0.30 0.05 0.02
Right-handed currents 2BT(BY > ¢y) - 0.09 0.02 <0.01
(B —> ¢y)/Tpo - 5% 1 % 0.2 %
Electroweak penguins S3(BY - K*0utpu—:1<qg? <6GeVZ/c*)  0.08 [68] 0.025 0.008 0.02
soAp(BY - K*0utu) 25 % [68] 6 % 2 % 7 %
Al(Kptp ;1 <g? <6Gevi/ct) 0.25 [77] 0.08 0.025 ~0.02
BBt - aTutu )/B(BT - Ktutu™)  25%[86] 8 % 2.5% ~10 %
Higgs penguins BB —» utu) 1.5 x 1077 [13] 05x107° 0.15x10° 0.3x107?
B(B° - utpu")/B(BY - utp) - ~100 % ~35 % ~5 %
Unitarity triangle angles (B - D™ K®) ~10-12° [252,266] 4° 0.9° negligible
v(BY - D;K) - 11° 2.0° negligible
B(BY - J/¥KQ) 0.8° [44] 0.6° 0.2° negligible
Charm CP violation Ap 2.3 x 1073 [44] 040x 102 0.07x1073 -
AAcp 2.1 x 1073 [18] 0.65x 102 0.12x1073 -
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