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LEPTON FLAVOR UNIVERSALITY (LFU)

EW bosons in SM:

ZO,’)’ ¢ o Fundamental feature of EW theory in the SM:
ot gauge couplings universal between ¢ € {e, u, 7}
o

o Difference in dynamics driven solely by the

7y difference in the masses (me. < m, < m;).

Charged Higgs in NP: o Even if NP occurs, minimal flavor violation:

MiIA—N\< T SM-like hierarchy in couplings
7 o Eg., HT couples to the 3™ generation heavy

[see LFU with 7's by O. Leroy at 3:20pm today]

o LFU violations between e and p really unexpected and require
non-SM-like NP couplings.
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https://indico.cern.ch/event/686555/contributions/2986850/

Introduction: LFU in b — s¢T¢~

b — sfT¢~ AS A SENSITIVE LFU PROBE AT LHCB

o Electroweak penguins: sensitive to very high mass particles
propagating inside the loop

B(B = KWpu—puh)
B(B — K(*e~et)

Rk =

o Rx =14+ 0(1073) in SM up to small e-;1
mass difference. ©O(1072) QED corrections.
[EPJC 76 (2016) 8, 440]

@ Unlike 7's, no new form-factor. Hadronic
uncertainties cancel in ratio. Very clean from
QCD perspective. But...
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Introduction: LFU in b — s¢T¢~

b — sfT¢~ AS A SENSITIVE LFU PROBE AT LHCB

B(B = KWpu—puh)
B(B — K(*e~et)

Rk =

o Electrons are hard at LHCb. Trigger, bremsstrahlung recovery...
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Experimental aspects

LEPTON RECONSTRUCTION AT LHCB: ELECTRONS

o Large “shashlik” based ECAL: LO trigger, v/7° separation, electron

reconstruction, radiative B-decays [see b — s by F. Ramikov earlier today]

o Energy resolution: % ~ 1% ® I\OF%

o Large bremsstrahlung losses from material interaction. Not 100%
recoverable. Low mass tail for the signal B; poorer resolution.

M ECAL —_ T T T T =

agnet g ]

aene ‘% 1ol (D) 0.002<q?<1.120 GeV?/c* LHCb |

; - 3 - ]

E, o 80 . ata -

oy mass tail  — woder ]

Upstream Downstream 8 eo Ny B’ - K"%'¢ ]

2 © ]

blil:/p\\\brem 2 B 3 > (Kx)ee ]

oY S Combinatorial |

€~ N o ]

Ey L Y 20 JHEP 04 (2015) 064_—
Air E 0™ 4500 5000 5500

m(K*n e e’) [MeVIc’]

Biplab Dey LFU tests in b — s¢7£~ at LHCb July 5t 2018

4/14


https://indico.cern.ch/event/686555/contributions/2986931/

ELECTRON MODES: TRIGGER CATEGORIES

o Triggering on B — K(*)ete~ more complicated than B — Kyt~

o LO triggers: higher Et thresholds in the ECAL due to higher
occupancies, than for muons (much softer pr requirements).

o LOE: any of the electrons with E+ > 2.5 GeV
o LOH: any of 7/K with E+ > 3.5 GeV
o LOI: fired by other tracks in the pp collision event, independent of signal

e Studies performed on each exclusive trigger categories (different
resolutions and purities)
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B% — K*/*t/~: PART-RECO BACKGROUNDS

@ Analysis in two g°> = m(¢*¢~)? bins:

o low g?:  [0.045,1.1] GeV?, close to the photon pole and Gy,
o central g%: [1.1,6] GeV?, feed-down from J/2) radiative tail

T
electrons

/e

muons

N

¢? [GeV
](GeV*/ct

central ¢°

low ¢?

00 5000 ‘ 5000
part. reco. m(K*mete) [MeV/c?] [JHEP 08, (2017) 055] m(K ) [MeVie?]

e m(KTm~p*pu™) > 5150 MeV: selection for muons remove partially
reconstructed backgrounds from B — K*X/¢1/¢~
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DOUBLE RATIOS AND YIELDS: Rk«

e Measure double ratios using J/ip — €70~ as the control modes:

_ B(B— K(*)u wt)/B(B = K& Jjp)
K = BB = KMe—et)/B(B — KO JA))

JHEP 08 (2017) 055
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YIELDS FOR Ry

e Yields for Bt — KTeTe™ broken down in to the three trigger
categories, g2 € [1,6] GeV?:
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[PRL 113, 151601, (2014)]
e Yield for Bt — KTt p~ = 1226 4 40
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LHCB RUN 1 STATUS FOR Rk« AND R

[JHEP 08 (2017) 055]
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@ Tension with SM, depending on theory model:

o Rk-(0.045 < g> < 1.1 GeV?) = 0.66151L
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Rk+(1.1 < ¢? < 6.0 GeV?)
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LHCb results

OTHER RUN 1 TENSIONS IN b — s{T/~

o Several other tensions in the muonic sector (b — sutu™)
[see talk by T. Blake at 2pm today]

Angular analysis:

) 1=BY — K~ hu s

T T
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= Belle data CMS data
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[JHEP 02, (2016) 104]

@ 2.8 0 and 3.0 o local deviations
in Pg
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e BF'sin several b — su™pu~
modes 1-3c lower than SM.
@ Note: lower BF's in muonic modes is what drives the Rx tensions.
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https://indico.cern.ch/event/686555/contributions/2986857/

(GLOBAL FITS FOR WILSON COEFFICIENTS

e Many different global fits incorporating different b — s¢*¢~, b — s

measurements.
BF's + angular: Include LFU violation:
7 / f \\ —— ATLAS 1.54
| B — cvs
154 | \ |— LHCb
| Y BR only 1.0 4
\ — all
1.0 %
o 08
i}
0.5 Q
Zs 00
S %
00 »_{_——"/://
054" " [— Riand Ry
\ il b — spyt global fit
0.5 | — all
\‘ Tl ——~all, fivefold non-FF hadr. uncert
-1.0 | 2.0 1.5 1.0 0.5 0.0 0.5 1.0 1.5
‘ ReCY
e e e ‘] e Altmannshofer et al. 1703.09189
Re C)P Altmannshofer et al. 1704.05435

o Remarkable consistency: BF, angular, Ry all point to AC)' ~ —1.
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MORE ON GLOBAL FITS...

!

o AGy, = Cg’\l’f < 0 from a tree-level Z“ would by, S,
explain the anomalies ) -
[Altmannshofer'14, Crivellin'15,...] Zl‘

ut

e However, cC charm-loops can mimic ACy,,.

' / 1704.05446
Grinstein et al.

o LFU tests do not suffer from charm-loops.

o Complementarity between Ry and Ry+

e ‘ @ (Un)natural parity difference between K™
06 “‘“‘,l,,,,/ cn and K* gives different sensitivities to Cop
O"G 0.8 1.0 12 1.4 and ClOV-
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Run Il and Upgrade prospects

RUN IT AND UPGRADE SCENARIOS FOR Rx

@ Run Il Ry updates, new Ry, Rkrr and R,k in the pipeline.

@ Sub-percent Ry(.) precision

after Upgrade Il in HL-LHC era.

Run 2 Run 3 Upgrade II
Yield Run Lresult 8fb T 23fb ' 300fb !
BT S K'ete 25129 970 3300 46000
B K*%te™ 111+ 14 430 1400 20000
BY— gete” - 80 260 3700
A)— pKete~ - 210 700 9800
Bt — ntete” - 20 75 1000
Rx precision Run 1result 8fb~' 23fb~' 300fb !
Ry 0.745+0.090 = 0.036  0.046  0.025 0.007
Rpceo 0.69+0.11+0.05 0070  0.038 0.010
R, - 0163 0.089 0.024
Ryk - 0100 0.054 0.014
R - 0304 0.165 0.044

o Allows to distinguish between

different NP models.

T T T
LHCb Upgrade II - Ry L0l
i - - Re[16]
Scenario-l  “nominal” NP & (16
—— Ry [ ACy = —1.4
LHCb Upgrade I1 -
Scenario-11 - ACy = —0.7]
e ACjp = +0.7
LHCb Upgrade II t
Scenario-I11 ioht-hs N = ACH=+0.3]
right-handed —— AC[) =403
LHCb Upgrade [ COMPOLCIITS P
Scenario-1V - AChH = +0.3)
— ACl, = —0.3)
LHCb Run 1
B S — 1
0.4 0.6 0.8 1 1.2
¢* € [1,6] GeV? bin, 300/fb Ry

@ Projections don't include improved ECAL for Upgrade II: higher
granularity, fast-timing to reduce combinatorics.
@ L0 hardware trigger replaced by flexible software trigger from Run IlI
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OUTLOOK

The Case for Future Hadron Colliders From
B — K®utu~ Decays

B.C. Allanach,” Ben Gripaios,’ Tevong You'®?

“DAMTP, University of Cambridge, Wilberforce Road, Cambridge, CB3 0WA, United Kingdom
b Cavendish Laboratory, University of Cambridge, J.J. Thomson Avenue, Cambridge, CB3 0OHE,
United Kinadom

@ /f these flavor anomalies survive LHCb Run Il and Belle Il, strong
motivation for a 100 TeV FCC-hh.
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Backup slides
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NP HUNTING STRATEGY IN b-PHYSICS

@ Multi-scale problem: QCD, hadronic form-factors, Electroweak, NP.

AQCD mp mw.t,H Anp
L L | L >
0.2 GeV 5 GeV 100 GeV 2 TeV

o Effective Field Theory: separate long and short distance scales. SM +
a basis of dim-6 local operators, O; and Wilson coefficients C;

Wilson coefficients encode short-distance physics ‘ ‘generic non-SM flavor contem‘
after integrating over high mass SM particles
4GF V CcNP
SM L . —
M = § Mo, Hifley =D 32— On AF =1
i NP

@ Sensitive to Anp = TeV scale thru’ C;. Need precision measurements.
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OPERATORS FOR b — s{T/(~

b—> S,Cy U
O; =
Four-fermion operators
for charged and neutral h +
currents vr, L

e Couplingis V ~ %Vt’; Vip: Anp ~ 10-100 TeV
T

e Main operators for b — s{T(~ ) Mo,
e Ol Of) = "2 50 P
e Right-handed (primed) ones (Qg\)/ = (37uPy(r) b)(~*¢)

suppressed by factors of mg/my,
in the SM. O:(LO)A = (5%Pu(r) b)(Iy*s¢)
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Backup

B% — K*/T¢/~ ANGULAR ANALYSIS

odar 9 Z Ji(@) 0,0k, 0)
1

@ J; are bilinears of the transversity

amplitudes ALF‘> ALR AﬁR AL'L_‘>

2
q =My,

dQ = dcos0;d cos O do

@ Both short- and long-distance parts enter the amplitudes:
V&) | 2my

AL {[(csff TGy F (G 4 5]
mpg + my=

(Ceﬂ 4+ C eH)Tl( )}

Js

o Reduced FF uncertainties at LO: Pé =
ch(]- - ch)

. [1303.5794]
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https://arxiv.org/abs/1303.5794
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LEPTON RECONSTRUCTION AT LHCB: MUONS

o Reminder: the LFU interest is only very recent: 2012 (BaBar R(D(*))
and 2014 (LHCb R(K)).

@ Design of LHCb primarily for muons and not electrons.

@ Dedicated muon system for LO hardware
trigger. cromur ~ 90%, 1.3% 7 <> p mis-Id.

W [Mev/e]

o,

“F 1 @ Low material interaction for muon tracks.
30 —:

dimuon mass

» 1 @ Pair of di-muons among the best reconstructed

tracks in LHCb. Excellent resolution.

resolution

L 1 T
4000 6000 8000 10000 12000
m.,- [MeV/c?]
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Backup

THE LHCB DETECTOR COMPONENTS

1
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Backup

THE PATH AHEAD FOR LHCB...

LHCDb Integrated Recorded Luminosity in pp, 2010-2017

'%j B 2012 5~

R R . .

8 b e e Aim to collect > 2/fb in 2018.

g |.43 2010 (3.5 TeV): 0.04 /b

3% ~60lfb

5. (2010-2017) o Many more Ry, asymmetry

3 ot measurements. TD-CPV in

g o - RO 0.0

8 oo % _ Bs = ¢putu~, BY — K2p%, ...
Qe Wy o s Nov

Month of year

LHCb Current — Upgrade | ——» Upgrade I—»

g“* ‘ 5 e Major upgrade in LS2.

512_ z 5 E E Consolidation in LS3.
3 "% e 50/fb by 2030. Phase Il upgrade
4 E for HL-LHC, aiming for 300/fb.

Biplab Dey LFU tests in b — s¢7£~ at LHCb July 5t 2018 14 / 14



MORE ON UPGRADE II REACH

s 1 T T T T T T T > 12 oy 1 | LA S B B S S ]
[ SM from DHMV = L The ncersintesof gromd and exced | I ]
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0.6 . [m] Phase-llulrJ‘pgrade g 10 C '*R(D)* ]
“lo g L <RD) ]
0.4 % g 8 - -R(A,) ]
02 2k ~RA%)
0 X 6k <RJAP) ]
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< L y
-0.6 k) i) b .\\0——0_._._. 1
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