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Flavour Physics for precise measurements MHU

AGH

1. Direct searches for production of new objects (higher and higher energies, luminosities —
ATLAS, CMS)

2. Indirect searches (a low energy ,window” for discoveries) — LHCb

a) test the SM with high precision measurements, especially processes which are very
well predicted and calculated, if disagreements are found — this is a sign of the
existence of new objects via indirect method

b) virtual effects allow probing energies much higher than LHC. New Physics may enter in
boxes and in penguin contributions

c) very successful in the past (charm and top quarks predictions)

d e X Even heavy particles can make significant
29 contributions via:

?
B / " increase of amplitudes,

= different weak or/and strong phases

BO

A= Agy + Apsu
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% LHCb time-line

Run | Run I Run Il Run V-V
(2010-12) (2015-18) (2021-23) (2025-28, >30)
I 3 fo-t 8 fb-L 23 it 150 bt
Luminosity
Energy Vs /-8 TeV 13-14 TeV 14 TeV 14 TeV
[Upgrade of LHCb during LSZ]
LHCb up to 2018 28 fb'1 @ 14 TeV: LHCb Upgrade + HL LHC 250 fb1 @
= find or rule out the evidences of New 14 TeV.
Physics and sources of flavour = increase precision on quark flavour
symmetry breaking observables,
= searches of rare decays and exotic = aim — experimental sensitivities
states, comparable to theoretical
= physics in the forward region. uncertainties.
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ﬁ% LHCb sensitivity to flavour observables lllHJJJ

Eur. Phys. J. C73 (2013) 2373 AGH

\
I
l
I
I

\
RUN Il |LHCD upgrade Theory

Type Observable LHC Run 11
BY mixing ¢s(BS - J/Yo) 0050 1 0,025 0.009 ~ 0.003
¢,(B° — J/ir f5(980)) (rad) 0068 1 0035 0.012 ~ 0.01
Ay(B%) (10-3) 28 | 1.4 | 0.5 0.03
Gluonic ¢ (BY = ¢¢) (rad) 0.15 | 0.10 I 0.023 0.02
penguin ¢F(BY = K*°K*%) (rad) 0.19 : 013 1 0.029 < 0.02
287 (B° — ¢K3) (rad) 030 , 020 ! 0.04 0.02
Right-handed ¢ (B, = ¢7) 020 | 013 1 0.030 < 0.01
currents TGH(BS — M)/TBQ 5% I 3.2% ! 0.8% 0.2%
Electroweak S3(BY — K*%utpu—:1 < ¢* < 6GeV?/c) 0.04 | 0.020 ; 0.007 0.02
penguin g3 App(B® — K*%tpu™) 10% 1 5% I 1.9% ~ T%
A(Kptp—:1 < ¢ < 6GeVYct) 0.00 1 005 0.017 ~ 0.02
B(B* - ntutp~)/B(Bt - Ktutpu~) 14% 1 7% [ 2.4% ~ 10%
Higgs B(Bg » puu)10~° 1.0 1 0,5 | 0.19 0.3
penguin BR(Bs - up)/B(Bs - up) ) 220% ' 110% 1 40% ~ 5%
Unitarity y(BY > DMKM) 7° ' 4° I L negligible
triangle y(B® > DIK*) e 11| 2.4° negligible
angles P\B” = JJURKY) 1P 0.8° I 0.31° negligible
Charm Ap(D° - K*K~)10~* 34 2.2 1 0.5 -
CP violation AAgp (10-9) 08 05 ! 0.12 .

Aim: increase the statisctic to overconstrain SM, find or exclude New Physics
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&% The apparatus—Runland | |

The detector dedicated for studying flavour physics at LHC.
Especially CP violation and rare decays of beauty and charm Complimentary
mesons. kinematical coverage

. . to CMS and ATLAS
= excellent decay time resolution ~50fs

= precise tracking: p/p~0.4 — 0.6% , trigger on low " s
D¢, low mass 2 i

. . .- . r'p?_ il LHCb
= particle identification 2 — 100 GeV /c é_“} 2<n<5

2

LthebMENL | ATLAS,CMS:
aee e Inl <25

=
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Event 504316253
Run 174252
Fri, 13 May 2016 07:09:44

13.05.2016 Collider Physics Symposium

Trigger Tracker

Back in action!

ECal
Outer Tracker

Inner
Tracker
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Muon Hits




6% LHCb sensitivity to flavour observables lllﬂJJJ

Eur. Phys. J. C73 (2013) 2373 AGH

rsm-—-—--" S
Type Observable LHC Run1 LHCb 2018, UPGRADE T Theory
BY mixing Ps(BY > J/Yp) 0.050 0.025 | 0,009 : ~ 0.003
0.(B® — J/ fo(980)) (rad) 0.068 0.035 | 0.012 | ~001
Aq(B?) (10-3) 2.8 1.4 0.5 . 003
Gluonic ¢ (BY = ¢¢) (rad) 0.15 0.10 1 0.023 ; 0.02
penguin ¢*T(BY — K*°K*?) (rad) 0.19 013 1 0.029 | <0.02
28°T(B® — ¢K?2) (rad) 0.30 020 | 0.04 | 0.02
Right-handed ¥ (B® = o) 0.20 013 ! 0.030 I <001
currents 7(BY — ¢y)/Tpo 5% 3.2% ! 0.8% 1 02%
Electroweak S3(B° — K*utp ;1 < ¢> < 6GeV?/ct) 0.04 0.020 ; 0.007 I 0.02
penguin g3 Apg(B® — K*%utpu~) 10% 5% : 1.9% I ~ 7%
A(Kptp—;1 < ¢® < 6GeVY ) 0.09 0.05 | 0.017 I ~0.02
B(B+ - wtptp~)/B(B — K+u*p~) 14% ™% 24% ' ~10%
Higgs B(Bg - puu)10-° 1.0 0.5 I 0.19 ' 0.3
penguin BR(Bs — pup)/B(Bs > pp) 220% 10% 1 40% ! 59
Unitarity y(B® - D®WKW™) 7° 4° I 1.1 | negligible
triangle y(B? - DI K?) 17 11° l 2,4 | negligible
angles BB = J/YKY) 1.7° 08 | 0.31° | negligible
Charm Ar(D’ > K*K™)10~* 3.4 22 | 0.5 | -
CP violation AAgp (10-9) 0.8 o5 ! 012 | -
~ e e o o 4

Experimental precision with upgraded detector comparable to theoretical uncertainties!
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% The trigger — Run Il and Upgrade

LHCb 2015 Trigger Diagram LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate
(full rate event building)

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz -Software High Level Trigger

readout, high Et/Pt sighatures

Full event reconstruction, inclusive and
exclusive kinematic/geometric selections

L

Buffer events to disk, perform online

. Software High Level Trigger
. detector calibration and alignment

L

displaced tracks/vertices and dimuons

[ Partial event reconstruction, select

: ' N\
Buffer events_ to d_isk, perfo:_'m online Add offline precision particle identification
detector calibration and alignment and track quality information to selections
. . Output full event information for inclusive
Full offline-like event selection, mixture triggers, trigger candidates and related
of inclusive and exclusive triggers primary vertices for exclusive triggers
\ J

0 I T
eTETTT

Physics selections obtained in trigger
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&% Upgraded LHCDb

Installation is foreseen between 2018-19

* New tracking system.

* Full event readout at 40 MHz.
* Upgraded trigger (fully software).
* Increase of the output rate to 20-100 KHz T

* New PID system.

Run Il of the LHC scheduled to begin

in 2020:

* Instantaneous luminosity: L,
2 X 1033 em™2s71 (increase of
factor 5),

* LHCb plans to collect 50 fb! of
integrated luminosity @ Vs=14
TeV,

e 25 ns of bunch time spacing,

* Average number of visible
interaction pu=5.2

13.05.2016 Collider Physics Symposium

Scintillating

Fibers caL HCAL
seffi "SRICH2

upgrade
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% Prospects for key observables

AGH
¢, from B.2>1/y¢ 7 A,(By)
— 0.06 v 030%
o o]
m
= 0.05 0.25% -
=
"5' 0.04 0.20%
| |
0.03 : 0.15%
0.02 I 0.10% |
0.01 I 0.05% I
0 | 0.00% 1
Run 1 Run 2 Run 3 Run 4 Run 5 Run 1 Run 2 Run 3 Run 4 Run 5
y from B->DK BR(By>up) / BR(B,Dpp)
8 = 250% -
= =
— 7 ~
= » 200%
C 6 =)
o
5 I L 150% I
4 I %
2 I g
) Y g 50% I
— S}
0 | 0% l
Run 1 Run 2 Run 3 Run 4 Run 5 Run 1 Run 2 Run 3 Run 4 Run 5

inputs from LHCb-PUB-2014-040
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&&s CKMy angle

1. Y angleis the only one that can be determined from tree only processes,
2. Theoretically clean: 6y /y < 0(1077) VudVZb>

3. So far has the worst precision: VeaVep

y = arg <—

a) direct measurements:

BaBar: ¥y = (69 + 17) PRD 87 (2013) 052015, Belle: ¥ = (68 + 15)° ckM2012 preliminary

b) indirect measurements (dominated by loops): (66.9119)°

some tension between direct and indirect methods- need
better precision from trees measurements

trees - direct no trees - indirect

0.7 T "~ T " " 1 — T 0.F — T 1 T

e
Amy & A
06 Ay V' 4 By EFS 15

0.6 EFS 15

05 05

i
=
na
=]

ad.wico 3 <0
feech ALCL = 055

V.p exclusive

04 04

axdudad amahas CL» 095
axduded amahas CL = 095

03 03

02 02

m
IIrl'l'llI|IIII|IIII|'['I'II|I||I1'III

o0 PRI S T PR | — PR W N SR TR B S T,

o0 PSS R T - | U S S W S S—— N R —t—;
04 -0.2 0.0 0.2 0.4 0.6 0.8

0.4 -02 0.0 0.2 0.4 0.6 0.8

CKM fitter 2015: y = (73.2%53)°

et

- IIII|IIII|IIII|IIII|IIII|IIII|IIII
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http://www.arxiv.org/abs/arXiv:1301.1029
http://www.arxiv.org/abs/arXiv:1301.2033

&&s CKMy angle

1. Y angleis the only one that can be determined from tree only processes,
2. Theoretically clean: 6y /y < 0(1077) VudVZb>

3. So far has the worst precision: VeaVep

y = arg <—

a) direct measurements:

BaBar: ¥y = (69 + 17) PRD 87 (2013) 052015, Belle: ¥ = (68 + 15)° ckM2012 preliminary

b) indirect measurements (dominated by loops): (66.9119)°

some tension between direct and indirect methods- need
better precision from trees measurements

trees - direct no trees - indirect
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04 04
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03 03
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CKM fitter 2015: y = (73.2783)°
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http://www.arxiv.org/abs/arXiv:1301.1029
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&i&s CKMy angle from BT — DK™ |

BiO N DOKi*O . f.Ser;si;ci\ie to the ¥ when D° and DO decay to the same
inal state.

s The interference of these two amplitudes depends on
B |b > % n K~ their relative magnitudes - one of them is usually
C
u D

1 < suppressed.
N AB~ - K™ f)~AD - f) +rge'®s™VA(D - f)
/ ~ A(B~ - DK")
Ve u rpe'’s = — -
_/p %C A(B~ - DK™)
u * Hadronic unknows: rg and 6
* Different experimental techniques (GLW, ADS,
e r{B- - D°k~} - r{B* - D°K*} GGSZ).
¢~ r{B- - D'K-} + I'{B* - D°K+} * Plenty (>16) of final states : new!
x siny

= D — CP eigenstates: K+K_,7T+T[_,
= D — CP flavour specific: K™, K*¥n n*tn,KsK ™
= D —3 body self-conjugated: Ksm ™, KKK~

13.05.2016 Collider Physics Symposium
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&% v combination in LHCb

6. Direct, time integrated measurements: B*? — DOKk+*0

7. Mixing induced, time dependent analysis: Bg - D'S_*KJ—r

The 2016 combination for y measurement (LHCb-CONF-2016-001)

y = (70.9%71

1T ' L
Q - LHCb
— 0.8 . Preliminary _|
i . : The most precise
0.6 9% : determination of angle y
0.2}~ .
S %
0" 60 80

Y [°]
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&& CKMy angle - differenet modes

LHCb-CONF-2016-001 AGH

The result depends on hadronic unknowns: g and 6 and other parameters (6p)...

100

50

1-CL

045

0.2
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LHCb |

Preliminary —|

1%0
Y [°]

0.8

0.6

T T
LHCb 1
Preliminary _|

llllllll

150
v [°]

0.2

0.15

0.1

0.05

LHCb

Preliminary

!
150

Y [°]

B*— DK', D— h3x/hh'n°
.| B*5 DK, DoKghh
| B*— DK*, D=KK/Kn/nn

I Al B* modes

| Full LHCb Combination

... and varies between different modes

I B, decays
" B%decays
I B* decays
B Combination
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&% Prospects fory in Run i

1. To perform time dependent analysis - more signal events of Bg—> D?KJ—r and

more challenging channels as BY — DE*KJ—F*.

2. The angle y can be also measured from charmless B decays: B > h*th~, BT —
KTh*h™ (loops sensitive to NP).

3. The time-dependent B9- Dj;_’Ki can be also sensitive to NP because of

mixing.
v from B->DK

8 .
=3 10 Tgﬁlm from LHCb-PUB-201400 g expect close to 10 fb! of data Run Il (2016-18)
i : \ 12018 = The precision for ¥y of the order of a(y)~4°

. \:\ = The sensitivity on ¥ with 50 pb is expected as 1°.

3 i 50 fb-! = |tis possible mainly due to major improvements

2 } \ with the software trigger in Upgrade.

1 l %

| T I T T T i

Bun 1l Run 2 Run 3 Run 4 Run s
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&% Weak phase ¢

CP violation induced by B‘S) mixing bs = Pmix — 2P gec

Pdec 1. CP violation due to interference between direct BY decay
and decay after oscillation BY < BY.

2. Different analyses:
Q ¢mlx j » BY > J /1 (KK) — proceeds mostly via b — ccs tree

diagram — NP can show up in the mixing

x e l¢s dec
¢ps = —0.058 £ 0.049(stat) + 0.006(syst)
MC._\ NP ? Phys.Rev.Lett. 114 041801 (2015)
/
b L 0 . . | _
f ¢ » B; — ¢¢ —is penguin- dominated b — sss process,
ﬁ a%( S excellent probe of new heavy particles entering the
’ S quantum loops
5 L ¢s(pp) = —0.17 + 0.15(stat) + 0.03(syst)

Phys.Rev.D 90 052011 (2014)

this channel will benefit from the new LHCb trigger in Run Il and expected
precision will be comparable to golden b — ccs mode
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.041801
http://inspirehep.net/search?p=find+j+PR,D90,052011

&% Prospects for ¢

¢ is very sensitive to NP, but no NP effects have been seen, yet...

D@ 8 fo~

e
A

SM
S

Experiments (HFAG combined):

xXp _

—0.036319:9012

0.034 £0.033

0.14 HFAG .
sm:
— A CMS % CL contours |
7 012 20 1! 68% CL contours
- (Alog £ = 1.15)
=
— 0.10r | CDF 96 b
w
3
0.08 LHCb Upgrade
o ~0.01
0.06} ATLAS 19.2 10 (Ps)
. . . . . ]
-0.4 -0.2 0.0 0.2 0.74
P $° [rad]
| |
3 007 ' 0,07
S inputs from LHCb-PUB-2014-040 hg \ inputs from LHCb-PUB-2014-040
~
= 053 iu,uss
~
I~ \ LHCb ¢_ from B —J/po > \ LHCb ¢_ from B —J/yf,
),035 S-0,035
b | —
o)
oo \ e \
0 0
Run1 Run2 Run 3 Run 4 Run 5

Run 1 Run 2 Run 3 Run 4 Run 5

—

Great progress after Runl but still plenty
of possibilities for NP. The main task is
to obtain better precision.

=016
S

Iito,u

\ inputs from LHCb-PUB-2014-040

\ LHCb ¢_ from B_—¢g

AN

—

Run 1 Run 2 Run 3 Run4 Runb

13.05.2016 Collider Physics Symposium

A.Obtgkowska-Mucha (AGH UST Krakdow)


http://www.slac.stanford.edu/xorg/hfag/osc/summer_2015/

% Quest for New Physics: B(S) - utu” Eﬂ“}]!

e CMS & LHCb — first observation
of the decay B — uu

» Statistical significance above 60

* The best measurement of
branching fraction to date

* 30 evidence for B - uu

CMS and LHCb (LHC run I)

Nature 13 May 2015 doi:10.1038/naturel4474

BR(Bs — pp) = (2.8253) x 1077
BR(Bs — uu)SM = (3.66 + 0.23) x 107°
BR(B - pp) = (3.9%7%) x 10719
BR(B — uu)SM = (1.06 + 0.09) x 10~ 1Y

| T T T T T T T T T I T T T I
—— Data

Signal and background
182 - ww
| BO > wiu

— = — Combinatorial background

----- Semi-leptonic background

— — Peaking background

Weighted candidates per 40 MeV/c?

©

(=]
||]||||||[,l|||||||||||||||

T

T e ey

= Both results are statistically
compatible with the Standard Model
predictions

= Stringent constraints on theories
beyond SM

IIIIIlII|IIII|IIII|IIII|IIII|II
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http://www.nature.com/nature/journal/vaop/ncurrent/full/nature14474.html

&G B~ uu”

In the SM flavour-changing neutral currents are GIM and CKM suppressed.

loops — New Particles but not FV tree —requires FV
W~ S [/ —
- - S X0 u
S f ,‘E |Vf K ) ZZ__)_(E >'vvvx,< + 27?7
_ ’ — 0
b pnr wr + b z w
Xt b 7
E.III--------------.......:...
o D.Straub arXiv:1205.6094
> :
i L5 —
% L
—
S
:ID
ot
S
3
g 0.5
Q
0.0

BR(Bg — up) % 10°
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Wy B~ uH i

In the SM flavour-changing neutral currents are GIM and CKM suppressed.

loops — New Particles but not FV tree — requires FV
W~- s n .
_ _ S 0 ”
S f ,‘E | vf K ) ZZ--)-(E >’\l§vv< + 27?7
_ ’ — 0
b pt w* + b z w
Xt b u
z.0
Impact on SUSY models cé LHCb + CMS
x Excluded
=
=. 1.0
Pk
(=]
3,
m 0.5
Q
0.0 L
0 HEc 1o z0 = 40 50

BR(Bg — up) % 10°
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iy B~ uu -BR i

. BR(B-up) . . .
The BRs ratio: R = is also predicted in the SM:
BR(Bs—pu)
CMS and LHCb (LHC run I}
a 0.9 :r I T | /2B DL LB USR] T AN B LI AL B 1: CMS and LHCb (LHC run ”
- 3 — R T T T
o8 ;_ i 104 RSM .
07f- 3 R =0.14790% i
5 o = \;C 8 SM and MFV —0.06 b
5 0.6 = - - 1+-0.0028 .
E E | 3 o Rsm = 0029?:0.0025 ]
E 0.5 :—" = = o E
T 04f = ﬂ - :
o = s R B —
= 0.3 == =3 | — _
0 = : N ]
E SM H 2 -
0.1E £ - i
OEI : | ; N |r|v : | ; 'E 00 1 01 02 1 1 1 O|3 1 1 1 1 0|4 1 1 1 1 05
0 3 7 3 9 ' ’ ’ ' '
B3 p'w) (10°) BB — p ™) /BB — )

There is a small tension in the branching fraction ratio, especially in B — ppu:

BR(B - pp) . .
Looking forward to Run 2 data! BR(B — pp)sy o
BR(Bs — pp) == swm: Bobeth et al [1311.0903]
BR(Bs > mi)gy 0 3 i
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&% CPVincharm- hope |

In the Standard Model:

[ expectedCPVincharmsectorissmaII: 1.00E+00 +—+—+—+—+—+—+++—+++—+++—+++—+—+—+—+++F++++++++++
3 100E-01 1 8 5 7 9 11131517 19 21 23 25 27 29 31 33 3¢
10, A Exgeriments ]
o ] 1.00E-02_”__ _____ f Ml e e e e e e LRI
= SM predictions vary widely — S (" 1.00E-08 | T ﬁ st T .
= New Physics contributioncan [, 8 ; 122;: \ Lot AA e )
enhance up to 102 O <% 100E 5 A
all 1.00E-06 {| %
= Perfect place for New Physics \_ 1.00E-07 T
searching (small background from SM) 1.00E-08 | SM
1.00E-09
K+
W+
D° _ D
W £ K~ +nm+3hn
Mixing via box-diagram Mixing via hadronic intermediate states

(difficult to calculate)
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% CPV in charm - measurements

1. Searches for direct CP violation in charm: plenty of methods with 2- and multibody
D? final states. No CP violation has been observed with whole Run | data set.

2. The search of indirect (in mixing) time-integrated CP asymmetry in two body
decays: D? - K*K~, D° —» "~ is based on measurement of the A asymmetry

Ar = DD 2 KTKT)-D(DOKTKT) (%A + Ag)ycos¢ — xsin ¢

(DO —»K+K-)+T(DO—»K+tK-) / \

A — %1% = 1%I°  in the mixing in the decay amplitudes
m= Y.
%1% + 19%1° A, = Afl* — | Ar]
Afl? + ‘Af‘2

Ar is a measure of indirect CPV, since the
contribution from direct CPV is considered as very
small.
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% A]" aSymmEtrV JHEP 04 (2015) 043, 3 fb™? lllm]!

AG

The asymmetry of the decay frequencies of D and D° to CP- eigenstates D? — KTK~,
D° - mtm™

B° - D°u~X and B® - D°u~X

~ _X]‘Olj T | T T T T | T - | | T T T | T T T T
S 160 1 ey A ~Data E ® 15 +Daa
3 140 3 ( a) ] “‘. —Total fit 3 2 q — Linear fit 1
> 120F I IR i 1o band
= 100F £} [ Comb. bkg. - 5t E
% 80F S : S 1 | i S 3
8 g ] 1 ] : o ]
- 60;_ A ] OF ]
i z 5f -
o 20:_ | . \".. . F |
_ sk B e = JF '
ER LR L = OF E
Q:‘ Og | ] A Sk | | | | 3
. 1850 1900 0 1000 2000 3000 4000 5000
M(K K*) [MeV/c2] 1 [fs]

2.3 Meventsof K*K~ (AF(K+K_) =(—0.134 + 0.077%993%) % A

Ap(mtm™) = (—0.092 + 0.14533923) %
\No evidence for indirect CPV in charm within 1 per miI./
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ﬁ% CPV in charm - prospects ll““JJ

AGH

1. We expect a great increase in charm events during Run Il mainly due to dedicated trigger
settings.

2. While any significant evidences of CP violation in charm is observed, it would be possible
to distinguish CPV effects coming from charm mixing and from decay.

3. The level of CPV in charm is really small, so exploring the new data one should be aware
of New Physics effects.

No direct CPV
Parameter No CPV . CPYV allowed
in DCS decays
0, +0.14 +0.14
x[%] 0.4910.14 0.44101¢ 0.37 +0.16
y[%] 0.61+0.08  0.60 % 0.07 0.667037
3 noCPV | g ; g CPV allowed
- 1.21: CHARM 2015 | >? | CHARM 2015 ﬁm dirgcl T ; 1_2: CHARM 201 i _ v a ov;e |
I i 1— ; 1 -
0.8~ I 0-8;
0.6/ 06}
0.4} 0.4}
0.2} 0.2f
0; 0
-0. i 1o -0.2 l;z
0.2— 2o - N3
-0. s -0.4 a0
podecpodepedecpeodegegetedogeo oo TR RS N L T L P | IR | ["40 "0-61""|"‘|‘“l"‘l"‘""\"‘\"‘l‘.su
086 -6.4 -6.2' 0 0.12 ‘of4 0.6 ‘o.ls 4 02 04 06 08 1 1.2 -06-04-02 0 02 04 06 08 1 1.2
X2 (%) X (%)
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6% Summary

1. During Run | data taking LHCb spectrometer proved that flavour physics
can be successfully studied in the hadron collider.

2. In Run Il started in 2015 with an increased energy to 13 TeV, the
o(bb)and o(cc) is larger by about 60%.

3. The novel approach to trigger system increased an output bandwidth
from 5 kHz to 12 kHz which allows to record more data.

4. Inthe era of Run Il, we expect about twice as much bb and c¢ pair per
fb.

5. All this would benefit better precision on key measurements (o¢, ~0.025,
oy ~ 49 and/or new exclusion limits or New Physics discoveries (i.e. CPV
in Charm).

6. Inthe forthcoming Run Ill (Upgrade) due to even more precise
measurements, the sensitivity to a large number of key observables can
be improved by an order of magnitude.
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iy Backup i

/ \
I LHC era : HIL-LHC era
Run 1 : Run 2 Run3d | Rund4 Run 5+
ds(BY — J/vo) 0.05 1 0.025 0013 1 0.009 0.006
ds(BY — ¢0) 015 ! 0.10 0.029 : 0.018 0.012
S 220% 1 110% 60% 1 40% 28%
g Arp(K* " p™) 10% : 5% 28% 1.9% 1.3%
Vv 7° l 4° 1.3 1 0.9° 0.6°
Ap(D" - KTK™) 34x107* ! 2.2 107" 0.7 % 1077 ; 0.4x107% 0.3 x107°
\ /
~ b
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