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Motivation

* Precision measurements of CP asymmetries and rare decays
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« (Clean predictions from the SM
* Precise measurements (including control channels)
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General framework : physics topics

small subset of topics
not all topics have been studied in every experiment
Belle Il-only topics not mentioned 3



General framework : working hypotheses

Current results used + improved detectors
Simulation of running conditions (energy, pile-up)

—)14 TeV —)7 TeV

G(bb =2><c7(bb

integrated luminosities :

LHC era HL-LHC era
2010-2012 | 2015-2017 |2019-2021 |2024-2026 |2028-2030+
ATLAS & CMS 25 fb! 100 fb" 300 fb? — 3000 fb-"
LHCb 3 fb! 8 b1 23 fb! 46 fb1 100 fb1
Belle I - 0.5 ab™ 25 ab™! 50 ab"’

The LHCb upgrade design is qualified for an integrated luminosity of

50fb™! but it is anticipated that LHCb will continue to be operational
throughout the HL-LHC era



SM : very rare (V

helicity suppression)
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Large sensitivity to NP, eg : Bryssm(Bg — £747)
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measured with 25%
precision

B(B'— ) [107) B(é“—> ) (1077
CMS : Phys. Rev. Lett. 111 (2013) 101804, arXiv:1307.5025.
LHCb : Phys. Rev. Lett. 111 (2013) 101805, arXiv:1307.5024.
Combination : CMS-PAS-BPH-13-007 ; LHCb-CONF-2013-012

From theory : BRs known to 10% (can be improved with refined
lattice QCD calculations)
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B, S%p - what’s next ?

CMS-L=5fb"Vs=7TeV,L=20fb" {s=8TeV
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* Measure B, and B, : NP effects can be different
« HL-LHC : BR(B,) will be limited (theory, f,/f. or B, absolute BR)
* Use B, !
* B mass resolution is crucial :
* CMS and LHCDb can do it.
« ATLAS mass resolution has to be improved.
* B4—p*p suffers from B,—Km background
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improved inner tracker system and
removal of the endcap candidates
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Precision computed assuming the SM BR

But also : measurement of the B.—.p*y- effective lifetime (clean
test of NP) with ~2000 events
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Angular observables in B,— KO p*y-

° X u
u* - .
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System described by

o g el
U= 0 0
-3 angles NN 8 W

Distributions of the angular variables precisely predicted in the
SM

Deviations expected from NP

Probe the NP structure if any effect observed :
eg in the low g? region the @ distribution is sensitive to the photon
polarization
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Important phenomenological work to construct observables with
low theoretical uncertainties

_la@)-la@) sensitive to RH- i
AP (@)= ij ” zjz couplings (C';) A®(0)= ZReEC7 (?7 2]
A (CI j +|A (q j at low q2 ce* + ‘C7eff*
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Current results : ATLAS : ATLAS- CONF-2013-038.
CMS : arXiv:1308.3409.
LHCb : JHEP 08 (2013) 131

Theory I Binned
-®- LHCb -4 CDF ~¥%- BaBar - Belle -+ ATLAS CMS
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Relative weights of the LHC experiments depend on the g2 bin
‘cleanness’ varies with bins (resonances in M(p*y-))
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Expected precision on g?; K*Ul", where | = e or p and
K* includes both K*0 and K**
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* triggering at low muon p; is mandatory
* A is not the best variable (contains hadronic uncertainties)
« much more than that in B,—K™ p*y- analyses
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¢, from B.—J/yd and B, OO

CP violation due to the
¢mix BO —¢dec interference between

s _ mixing and decay

*Requires :
« initial state tagging
* time measurement
« angular analysis (VV final state) to disentangle CP-even and
CP-odd contributions
* measurement of Al
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B.—J/WO current results

— LHCb 1.0fb™ + CDF 9.6fb '+ D@ 8fb~' + ATLAS 49fb™"

— 0.25_—+""I""I‘s'\"'l""l""l""+:
(72 .
) - DO HFAG &
0.20 - —
LT or 68% CL contours
' - ‘ (Alog £ =1.15) 7
L 015~ : LHCb .
N R :
0.10 L /,@Cﬁmbmed —
0-055— “or ':\éM/ " /:IATLAS _f
O-;Is q0 o5 00 o5 10 1I5
¢§°° [rad]
ATLAS (2011) ¢, = 0.12 + 0.25(stat.) + 0.11(syst.) rad
LHCb(2011) ¢, = 0.01 + 0.07(stat.) + 0.01(syst.) rad

ATLAS : ATLAS-CONF-2013-039.
LHCb : Phys. Rev. D87 (2013) 112010
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B.—J/WD  p—sccs

tree diagram

b — sss
penguin diagram

NE can show up in the BS—>CDCD
mixing

NP can show up in the mixing
or in the decay (penguin loops)

LHCb only
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Knowledge of the time resolution is crucial for ¢, measurements
Under control even in tough conditions !

» 02p ey gy 0.2 RN IRARE LUARE UL LR RS RERRS
Qo C 1 £ B .
o:w 0.18 —e— ATLAS 2012 <u>= 20 =4 =, 0.18:— —e— ATLAS 2012 <u>= 20 E
@ 0.16E —+— IBL Layout, <u>= 60 = D 0160 —+— IBLLayout 11,11 <u>=60 ]
© 0143_ .o. —— ITK Layout, <u>=200 _f © 0143_ —— ITK Layout 11,11 <u> =200 _f
0.12;— .0.. ATLAS simulation _; 0-12;_ ATLAS simulation _;
0.1 “ Preliminary = 0.1 Preliminary -
0.08F- - 0.08F- —I
006:_ _: 0065‘ e o0 0 0 o0 ¢ _:
004;_ = 004;_ AAAAAA?Q#x‘Q’#vvvvva _;
0.02— 0.02— =
C Coovoa b by b by g Ly ag Lo bova b o a b n

OO O0 10 20 30 40 50 60 70 80 90 100

Number of reconstructed PV

Improvements wrt 2012 due to detector change and to tighter p;
cuts
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Better decay time resolution and increased decay time
acceptance due to the improved IP resolution

Similar performances at p=8 (2. 1033 cm2 s with 25 ns : v=7.6)
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Expected precision on ¢, (rad)
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can be quantified
with data)

* A crucial ingredient is the effective tagging efficiency and its knowledge
 Importance of the J/y trigger
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The CKM angle vy

%

Vcd VCZ

y = arg[ ViaYun ] Interferences between b—c¢ and b—u transitions

Time independent
measurements

Tree diagrams
SM reference point

(B—DKO®) large family)

Time dependent measurements
(BS_)DSK)

sensitive to NP in mixing (B,—J/y® )

tree (decay) + box (mixing) diagrams

charmless decays
box/loops diagrams
sensitive to NP
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The “ultimate” y-from tree-decays precision will be reached through many
individual measurements, with very different sensitivities (due to different
b—u to b—c¢ amplitudes ratio )

Bsp(k3mk  © 7 DIKmKmm LHCb and Belle Ii
B.~>D(Km)p

B->D(KmK NI ’ B->D(Km)K*

BseDsK | L : B—>D(Km) t
B->D(KK)K* B->D(KK)K

B->D(KK) 1t
B—>D(rut)K* B,>D(KK)¢
B—>D(mm)K
B->D(K.hh)K B.>D(rr)d

BSD(K*K)K B> p(am)K

Some of them are challenging at the LHC (many tracks, low p;, hadronic
trigger)
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Expected precision on y from tree decays
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Precise measurements : comparison with loop measurements
possible to a very good level
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A-(DY—KK) and A-(D°— 1)

FCNC decays for up-type quarks : a different place to look for NP

A taken as a reference :

T[E R h+h‘)—r(D° > hhr)

A = (R0 . 0 .
z(D ahh)+r(D > hh)

r

* A- # 0 =CPV in charm mixing (SM : ~104)
* A(DO>KK) = A(D°->mn) =direct CPV
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A crucial ingredient for fully hadronic decays (trigger) and to be
able to measure A to a very good precision : the impact
parameter resolution

Upgrade conditions
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= 100} -
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S 801 LHCb
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40}
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Expected precision on A;
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~10-4 evaluated using data driven techniques

Heavy Flavours at HL-LHC 01 October 2013 25

cssyst



FCNC top decays

In the SM :
W W W 2
‘ M -+ (_?‘\/\/)z) -+ M < 1 O' 14
‘ d ujc P s u/c ‘b ufc

Miop 2 Mother quarks — FCNC in the top sector highly suppressed

NP : can be increased up to 104
Search for
ott— (ZOu/c)(WDb),Z0—-1-",W —lv
Three leptons in final state : high trigger efficiency

ott— (yu/c)(Wb),W —lv
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tt— (Z0+ u/c)(W-+b),(Z°—=l*I- +q),(W-—l"v +b)
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Expected upper limit (95 %CL) on BR(t—qZ)
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Expected upper limit (95 %CL) on BR(t—qy)

2019-2021 | 2028-2030+

ATLAS 300 fb-" 3000 fb"
7.8 107 1.3-2.510°
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« History : many breakthroughs in Flavour Physics !
(small CPV in K® mixing : 3" family)

« Theory uncertainties will be quantified with data
driven techniques

LHC era HL-LHC era
Run 2 Run 3 Run 4 Run 5+
B(B"—utu™) 71% 47% 21%
B(Bl—ptp~) LHCb 40% 28%
ATLAS 0.020
9B —=¢¢)  LHCb 018 012 <SS WAS 0026  0.017
LHCb
v Belle2
LHCb 34x107% 22x107% 09x10~¢
0 N
Ar(D" = K7K™) oo _ 18 x 104 46 x 104

. _ LHCb 10% 5% 2.8%
qg AFB(K 0ﬂ+/-" ) Belle2 ’ o ’

— 50% 7% 5% —
oz ATLAS 23 x 10-° 41-72x 105
9 CMS 100 x 10~5 27 x 10~5 10 x 10-°

t— gy ATLAS 7.8 x 107° 1.3-2.5 x 1075
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Towards a full angular analysis of B;— K u*y-

1 d’rC — 9 [3(1_ 2 29 2
dT'/dq? dcosOx dpdq® — 32w [4(1 Fp)sin® 0k + Fy cos” 0 — F, cos® O cos 26,

+ (1 —F) sin? O cos 20; + S5 sin? Ok sin® O, cos 2¢

+ 54 sin 20k sin 264 cos ¢ + S5 sin 20k sin 6y cos ¢ + S sin? 05 cos 6,

+ 57 sin 20 sin 0y sin ¢ + Sg sin 20 i sin 260, sin ¢ + Sy sin? O sin? 6, sin 2¢]

o 5 10 15 20
g2 [GeV¥/c4]

all bins (24) in g2 in agreement with SM except 1

If all bins independent, the probability of having such deviation or greater is 0.5%
More data needed to clarify the picture



Projection on Top FCNC Search

* Loop process: suppressed in SM O(10™") 32000 CMS Projection [ Jr-za-as

*» SM extensions — O(10*) =0 S~ S
* Simple projection g 140} e

°* Based on 8 TeV study result g

* Assuming some syst. improve with 1/AL 80
°* DELPHES study 60

* Using Phase Il conf. 4, PU 140 3

* Same syst. assumptions 0
* Discovery scenarios: | ~ M_top(Zq)
Br > 0.03% for 3o with 300/fb, Br > 0.02% for 50 with 3/ab >'200F cums projection (e za @m0
B(t—Zq) 195Mb@8TeV 300fb@14TeV 3fab@14Tev o """ "™ E’Z’.’J.f."’ 4
Simple Projection £ 140¢ [ wwwzzz
Exp. Limit <0.011% <0007% & :
DELPHES FSIM Projection o o
Exp. Limit  <0.10 % <0.027 % <0.010 % o g ,
20F

1o0Bound 0.06-0.14%  0.018 - 0.038% 0.007 - 0.014%
\2 oBound 0.05-0.20%  0.013-0.051% 0.005 - 0.020%
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