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Flavor as a High Mass Probe

☐ Already excluded ranges
☐ , take ci = 1 
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Leff = LSM +
ci
Λi
2 Oi

i

See: Isidori, Nir
& Perez arXiv:1002.0900; 
Neubert EPS 2011 talk

Ways out
1. New particles have 

large masses >>1 
TeV

2. New particles have 
degenerate masses

3. Mixing angles in 
new sector are 
small, same as in 
SM (MFV)

4. The above already 
implies  strong 
constrains on NP  

Explore the unknown: new particles, 
interactions,
and physical principles



Quantum influences of new particles

☐ A possible manifestation of new physics in 
beauty and charm decays

Tree diagram example                  Loop diagram example

☐ Caveat: hints of new physics at tree level in 
semitauonic B decays
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Two experimental approaches
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LHCb (& upgrade  I) Belle II

Forward spectrometer @ LHC, 
first experiment at hadron 
collider focused on the study of 
beauty and charm decays 

Cylindrical  detector at 
asymmetric e+e- b-factory



The Forward Direction at the LHC

☐ In the forward region at LHC the bb 
production σ is large

☐ The hadrons containing the b & b 
quarks are both likely to be in the 
acceptance. Essential for “flavor 
tagging”

☐ LHCb uses the forward direction 
where the B’s are moving with 
considerable momentum ~100 GeV, 
thus minimizing multiple scattering 

☐ At L=4x1032/cm2/s, we get ~1012 B 
hadrons (B±,B0, but also Bs, b-
baryons) in 107 sec in the LHCb
acceptance.  
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ϑ[B (rad)]
q[B (rad)]

Production
ϑ of B vs B

Measured cross 
section at 13 TeV in 
LHCb acceptance is 
(144±7±21) µb

arXiv:1612.05140



Unique features of the e+e- b-
factories
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Suited to reconstruct decays with missing particles  (constraints from other B)



PHYSICS HIGHLIGHTS
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Lepton Universality Violation?

☐ J/y modes, RJ/y = 1.014±0.035, only a 
check



☐ ~2.5s from SM
☐ 3/fb Run I + 1.7/fb 

Run II

RK results: 1<q2<6GeV2
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RK*  Belle
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Summary on  RK/RK* in B decays
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NP at tree level?
☐

☐ A very difficult 
measurement in e+e- & 
hadron colliders

☐ Belle average is
now 1.6σ of SM
☐ World average
diff with SM decreases 
from 3.8σ to ß3.1σ
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Bs→µ+µ-

☐ SM branching ratio is (3.65±0.23)x10-9 [Bobeth

et al., arXiv:1311.0903], NP can make large 
contributions. 
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Standard Model MSSM

~tan6b



B→µ+µ-results
☐ 1st evidence LHCb
☐ 1st observation at 6.3s
☐ 1st in a single exp., 7.8s
B(Bs→µ+µ-) =
B(B0→µ+µ-) < 0.34x10-9 at 
95% CL (Run I + some II)
☐ New ATLAS results  
B(Bs→µ+µ-) =(2.8±0.8)x10-9

B(B0→µ+µ-) < 0.21x10-9

☐ CMS: B(Bs→µ+µ-) = 
Avg Bs =(2.9±0.4)x10-9
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( )

3.0±0.6−0.2
+0.3( ) x10−9

R. Aaij et. al, PRL 
118, 191801 
(2017)

3.0−0.9
+1.0( )x10−9



THE LHCb PHASE 1 UPGRADE
Taking strides towards the future
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The LHCb PHASE 1 upgrade
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US lead (NSF supported): 
Syracuse, Maryland, 
Cincinnati, MIT, Michigan 
& INFN Milano, CERN, 
Zurich, AGH Krakow, IHEP

To be installed in 2020



A new tracking system
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Lead by  US  
NSF funded

UT



The LHCb Upgrade trigger concept
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Tracking in HLT1
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To be improved in the PHASE 1 upgrade with 
replacement of TT→UT with optimized acceptance 
and granularity, construction project lead by US 
institutions with NSF support



THE BELLE II UPGRADE
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Belle II Detector  

electrons (7 GeV)

positrons (4 GeV)

KLong and Muon detector:
Resistive Plate Chambers (barrel outer 
layers)
Scintillator + WLSF + SiPM’s (end-caps , 
inner 2 barrel layers)

Particle Identification 
iTOP detector system (barrel)
Prox. focusing Aerogel RICH (fwd)

Central Drift Chamber
He(50%):C2H6(50%), small cells, long 
lever arm,  fast electronics (Core 
element)

EM Calorimeter:
CsI(Tl), waveform sampling (barrel+ 
endcap)

VXD = Vertex Detector
2 layers DEPFET + 4 layers 
DSSD

Beryllium beam 
pipe
2cm diameter

BEAST (Background 
detectors)

US Flags indicate 
subsystems with 
major US DOE 
operations and 
construction  
contributions.

Computing: Tier1 site and raw data 
center at BNL. Data management on 
the worldwide computing grid. 
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Highlight of detector innovations
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Beyond Phase I upgrade
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Conclusions
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qThe physics case for a long and vibrant 
program studying beauty, charm and t
lepton decays is very strong

qA very interesting data taking phase has 
started for Belle II and is imminent for 
LHCb, with a wealth of findings that will 
probe new physics signatures and much 
else

qEffective theories and lattice QCD 
calculations are key to relate experimental 
data to fundamental parameters 



THE END
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The LHCb detector 
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US Institutes and Roles

18 Belle II institutes, 127 US collaborators (33 faculty, 25 postdocs, 21 
technical staff,  24 PhD students, 3 Master students, 20 undergraduates, 
1 visitor)  [~$4.5 million/year in DOE programmatic funding]

The US Belle II construction project went through the full DOE CD process 
and cost about 16 million dollars. It was managed by PNNL and completed 
in 2016. Host lab transitioned from PNNL to BNL in FY18. 
Following construction, about $7.5M/year in DOE support. 

We are now in the operations stage, managed by BNL and focused on 
detector operations and GRID computing (~$3 million/year).
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LHCb Upgrade II
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RK* LHCb
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B→K*l+ l-


