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 Indirect searches for New Physics

* High energy:
“real” new particles can be produced and
discovered via their decays
— Discovery of the Higgs boson at the LHC - completion of the SM
— Tested scale : <10TeV

* High precision:
“virtual” new particles can be seen in quantum loops
— Higher mass scale reachable (up to ~100TeV)

Direct and indirect searches are both needed,
both equally important,
and complement each other
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Rare B decays:

« SM: Flavour changing neutral currents only at loop-level

e b— s ¢t give a unique glimpse to higher scales:
experimentally and theoretically clean




b — s ¢t¢- as test bench for high scales

* b — s¢t¢ decays allow precise tests of Lorentz structure
— Sensitive to new phenomena via non-standard couplings

— Best described with effective field theory, allows to extract potential
New Physics amplitudes
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 Menu for this talk:

— Purely leptonic decays: B,— utw
- sensitive to Cgpand C,

— Recent measurements of b — s ¢t¢-, dominantly B? — K* u*u-
- sensitive to C; gand C,

— Lepton flavour universality
—> sensitive to Cevs C+

13. March 2016 Johannes Albrecht 4/19

THCh
ITRHCH



LETTER First observation of B.— utw OPEN

doi:10.1038/naturel14474

Standard Model
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m,..- [MeVi/c?]
B(BO —s 7 —)_2 8+O.7.10—9 . o . .
s U U )=2.0 4 6.20 significance - first observation
SM: 3.66+0.23 x10-° - compatible with SM at 1.20
BB’ — u'u)=39"6-107" 3.00 significance > first evidence
SM: 1.06+0.09 x10-10 - compatible with SM at 2.20
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Observables depend on B->K* form factors and on short distance physics
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Angular analysis of B — K™ yu*u~

LHCDb published the first full angular analysis of the decay
— Unbinned maximum likelihood fit to Kruu mass and three decay angles
— Simultaneously fit Kr mass to constrain s-wave configuration

— Efficiency modelled in four dimensions JHEP02(2016)104
— Binned in O T s Y BT T T T T T tHes ]
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TR Resuits

* Full angular fit allows to extract:
— CP-averaged terms and their correlations
— CP asymmetries

JHEP02(2016)104
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« Standard Model predictions based on

[Altmannshofer & Straub, arXiv:1411.3161]
[LCSR form-factors from Bharucha, Straub & Zwicky, arXiv:1503.05534]
[Lattice form-factors from Horgan, Liu, Meinel & Wingate arXiv:1501.00367]
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Determine zero crossing points by
parameterizing the angular distribution

with g2 dependent decay amplitudes

qo2(Ss) € [2.49,3.95] GeV?/c* at 68% C.L.
0> (App) € [3.40,4.87) GeV?/c* at 68% C.L.

g2 (S4) < 2.65GeV?/ct at 95% C.L.

SM: q,2(Acg) ~ 3.9-4.4 GeV?/c*
Bobeth, Hiller, v.Dyk, Wacker JHEP 01 (2012) 107
Beneke, Feldmann, Seidel: EPJ C41 (2005) 173
Ali, Kramer, Zhu EPJ C47 (2006) 625
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Form-factor “free” observables

* In QCD factorization/SCET there are only two form factors

— One associated with A, and the other with A and A,

« Create ratios of observables with minimal dependence on

form-factors, eg L
P = S5/\/FL(1 — F1) 0_5;}~ LHS(;;)fmmDHMV_E é
iy | €
e s ] a
+ 2013: deviation in P5' seen o3 T i i3
with 1fb-! of data F\ Tem /0 N

» Full Run 1 analysis ° ’ Y GV
confirms effect

 If the observed anomalies are real, expect discrepancies in
other b — s decays ..
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3.30 from SM

* Analysis of large class of b — s u*u-decays
— Several tensions seen, but individual significance is moderate

- Perform global analysis

SM predictions based on

[Altmannshofer & Straub, arXiv:1411.3161]

[LCSR form-factors from Bharucha et al. arXiv:1503.05534]
[Lattice prediction from Horgan et al. arXiv:1310.3722]
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~ Combineallbsdatainglobalfit

Altmannshofer & Straub, 1503.06199

Effective Hamiltonian: 2 < i Branching
H = E (CSM +CNP)0 o . fractions
] i i 1 %j o v.-
=

Angular variables

1 |l||||i||||l||||l
-3 -2 -1 0 1 2

Re(Cy")

» Global fit to all b— s data prefers a deviation from the
Standard Model in a vector-like interaction




~ Combineallbsdatainglobalfit

Altmannshofer & Straub, 1503.06199

: Branching

Effective Hamiltonian:
; fractions

H = Ei(ch +C")o

l

Re(Cly)

» Global fit to all b— s data prefers a deviation from the
Standard Model in a vector-like interaction

* Interpretation:

— “clearly New Physics”, or ..
— Not well understood QCD contribution

- Understanding needs more data and theoretical work
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Lepton universality

 In the SM, leptons couple universal to W* and Z°
—> test this in ratios of semileptonic decays

electrons / muons tau / muons
‘ 7% d T
b - - _

( ] S W_/H_/,é 7

t —cb 4 c

¢ z ‘m" (%)
Y, ZZIZ< B{ q —= - < <« }D
|

N
_BR(B"—=K'uu")

_ ~ BR(B" = D* 1t7v)
BR(B® — K'e"e”

R = -
BR(B’ — D*" u™v)

R

D>l<

K

« Ratios differ from unity only by phase space
—> hadronic uncertainties cancel in the ratio
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LHCb measures with 3fb

BR(B' = K'w't’) _ 1 445 +0.090
BR(B®™ — K"e"e") -0.074
(SM: R,=1.00, consistent at 2.60)

R, = (stat)=0.036(syst)

——[HCb —®BaBar —Belle

Q:M 2 T T T T T T T T T AL B
L LHCb :
1.5 __ » __
: [ { SM 1
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BaBar [PRD 86 (2012) 032012]
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E = BaBar, PRLL109,101802(2012) AXZ — 10
0 + - E/ 0.45 = Belle, arXiv:1507.03233
R BR (B — D* T V) —— LHCb, arXiv:1506.08614
= — = Average
D* 0 + - 04
BR(B" —= D* uv) ‘
0.35
Belle

R(D)=0.375+ 0.064 + 0.026 | 3
R(D)=0.293 + 0.038 = 0.015| s

[LHCDb 0. : :
- . 0.3 04 05 0.6
R(D") = 0.336 + 0.027 + 0.030 R(D)

D

SM prediction P(%?) =55%
| 1 1 1
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PRL 115(2015)111803

« Combination is 3.9¢ from the SM expectation:
R(D*) = 0.252 & 0.003

[Kamenik et al. Phys. Rev. D78 014003 (2008), S. Jajfer et al. Phys. Rev. D85 094025 (2012)]
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U summany

« The Standard Model is tested in a variety of channels

- many measurements consistent with predictions
-> significant deviations in of b — s ¢'¢ channels

- need for data to conclude

* Interesting flavour data coming soon
— LHCDb Run 2 - tripling the dataset
— LHCDb Upgrade — record data with , Trigger-less Readout®
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© Kmmmomentanaysis

« (Can also determine the angular observables using principal moments of
the angular distribution:

v Robust estimator even for small datasets (allows us to bin more finely in g2).
x  Statistically less precise than the result of the maximum likelihood fit.
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[LHCb, JHEP 02 (2016) 104]

(=]

} I s I :
g *f v -#+i++++ﬁ-—

0

M SM from ABSZ | M SM from ABSZ ] ¥
1 -0.5F — 0.5
L 1 L L L L 1 L L L L 1 L L L L L L L 1 L L L L 1 L L L L 1 L L L L L L L 1 L L L 1 L L L
5 10 15 0 5 10 15 0 5 10 15
q* [GeV?/c4 ¢ [GeV* 4 g [GeV* 4

* SM predictions based on
[Altmannshofer & Straub, arXiv:1411.3161]
[LCSR form-factors from Bharucha, Straub & Zwicky, arXiv:1503.05534]
[Lattice form-factors from Horgan, Liu, Meinel & Wingate arXiv:1501.00367]




.~ LHCbUpgradeProjections

Observable Current LHCb | Upgrade Theory
precision | (5 fb=!) | (50 fb~!) | uncertainty
Gluonic S(B, — ¢0) - 0.08 0.02 0.02
penguin S(Bs — K*°K*0) - 0.07 0.02 < 0.02
S(B° — 6K?9) 0.17 0.15 0.03 0.02
B, mixing 203, (Bs — J/1d) 0.35 0.019 0.006 ~ 0.003
Right-handed S(Bs — o) - 0.07 0.02 < 0.01
currents AATs(B, — ¢7) - 0.14 0.03 0.02
E/W AB(BY — KOt ) _ 0.14 0.04 0.05
penguin so Ap(B°? — Kt ™) - 4% 1% %
Higgs B(Bs — putp) - 30% 8% < 10%
penguin g%gj:i:ﬁ:l] - - ~ 35% ~ 5%
Unitarity v (B — DWK®) ~ 20° ~ 4° 0.9° negligible
triangle v (Bs — DsK) - ~ 7° 1.5° negligible
angles 8 (BY — J/v K°) 1° 0.5° 0.2° negligible
Charm Ap 25x1073 [ 2x107* | 4x107° -
CPV AI(KK) — A%n(nr) |43 %1072 [4x 1074 | 8 x 107° -
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 Experimental overviewofb s @&

« FCNC decays b — s (d) ¢t¢ : large variety of final states
— Allows detailed test of the structure of the underlying interaction
— Effects in one decay can be cross checked in others

# of events BaBar Belle CDF LHCb ATLAS CMS
433fb1 605fb-1 9.6fb-1 1/ fb1 5fb-1 5fb-1

BO — K0 ¢t¢-  137+44*%  247+54% 28820

Bt — K™ ¢t 24+6

B" — K" ¢t¢  153+41*%  162+38* 319423

B — KO, ¢t 32+8
B,— ¢ 6249
A— A e 517
B" o a' ¢t limit

Babar arXiv:1204.3933 ATLAS (preliminary) LHCb

Belle arXiv:0904.0770 [é\h'/ll'é"‘is-cl_ONF-20)13rO38] f?é‘g;_‘;ﬂ%gom

CDF irig\ll—l:E 1Po;.0317253 +1108.0695 [CMS_SPQ_I'I_(;{)Q] +1306.2577

+JHEP12(2012)125

2361456 466+34 415429

162+16

474681

17617

174+15

78+12
25+7

*mixture of BCand B*and ¢=e,u
other experiments: ¢ = u only
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~ Complementarity LHCb-Belle2

« B, System )
CPV in Jyd, b, Chz; id
CPV in Mixing b
* B-ouu
« CKM phase vy in B—>DK h
« CPVin B,
« B> X Il (exclusive)
« B>Xy (exclusive) important
* Charm physics cross checks
« Semi-leptonic B decays

I T - physics: LFV |

i e B D, D*TV I
~+ B> X, Il (inclusive) I
* B>Xy (inclusive) Irr:glulifgll: ;

* Bo1tv, nv
« B>K*vv, B> vv




The LHCb experiment

Cp~20 um
for high-p_ tracks

VErtex LOcator

RICH detectors
e(K—K) ~95 %
for 5 % n— K mis-id

interaction
point

acceptance

2<n<5

i

Muon system
g(u—u)~97 %
for 1-3 % p—mx mis-id

Tracking system
Aplp=0.4% @ 5 GeVic to
0.6 % @ 100 GeV/c

ECAL: 6 JE~1% ® 10 % / VE (GeV)

Calorimeters
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