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Rare electroweak B decays

Rare FCNC processes are only possible ’ N
via loop diagrams in SM / k

Highly suppressed b u:t s

New, heavy particles in SM extensions
can enter the loop and modify
observables (B and angular
distributions)

NP
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The LHCb experiment

LHCb is the dedicated heavy flavour physics experiment at the LHC
Its primary goal is to look for indirect evidence of new physics in CP violation
and rare decays of beauty and charm hadrons
This requires:
1. Excellent tracking
momentum resolution(Ap/p ~ 0.4% — 0.6%)
impact parameter resolution (o;p ~ 20 pm)
primary vertex resolution (13 pum in x and y and 71 pm in z)
Excellent decay time resolution (o, ~ 45 fs)
3. Excellent particle identification
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http://link.springer.com/article/10.1007%2FJHEP06(2013)064
http://iopscience.iop.org/1367-2630/15/5/053021/
http://epjc.epj.org/articles/epjc/abs/2013/05/10052_2013_Article_2431/10052_2013_Article_2431.html
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B((’S) — Tt [PLB 743 (2015) 46]

Normalisation mode

- B~ Iy K*(892)°
Partially reco,
B - JyK"
B2~ J/y K*(892)°
-+ Combinatorial
— Total fit
LHCb

Candidates must have m,+ . in the range 0.5-1.3 GeV/c?
Expected to proceed mainly through B? — f5(980)u* 1~

Events/(10 MeV/c?)
=
o
2
T

4

and B® — p(770)%ut o 4
Current SM predictions of B for both vary from 107 to Yo7 54 5%
o 2
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. . R t mod
Neither decays previously observed T
B iy i

B%~ J/y K*(892)°

B®— J/ip (— pu)K*¥(— Kr) used as normalisation mode

B(()S) — Jib 7T~ used to help fit modelling and to
optimise PID requirements

Full 3.0 fb~! of Run I data ’ T
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http://www.sciencedirect.com/science/article/pii/S0370269315000738
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.79.014013
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.074001
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.80.016009
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B((’S) — Tt [PLB 743 (2015) 46]
Signal modes

~ 55 B — ntr~utpu~ decays and ‘g 401 B up
L B gt

~ 40 B — nt7~ptpu~ decays observed 3 e k@t

First observation of BY — 7t 7~ pu"u~ with 7.20 g 30 Eemw

First evidence of B = 77~ pt ™ with 4.8¢ % 20?7 - Towlt

B measurements compatible with SM @

predictions 10

Third uncertainty due to B (B® — J/1» K*?) from i

BaBar [pro 76 (2007) 0920041, Belle (pLs 538 (2002 1] and

Belle [pre79 (1997) 4533] M(TeTEpr ) [GeVic?]

0.5 < My, < 1.3 GeV/c?

BB — 7t put ™) = (8.6 + 1.5(stat) & 0.7(syst) + 0.7(norm)) x 1078
BB — ntr~putp”) = (2.11 £ 0.51(stat) & 0.15(syst) + 0.16(norm)) x 108
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http://www.sciencedirect.com/science/article/pii/S0370269315000738
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.76.092004
http://www.sciencedirect.com/science/article/pii/S037026930201969X
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.79.4533
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A)— Aptp [JHEP 06 (2015) 115]
b 104§ T T T T
E LHCb i
9 1k A=A
z | 5
2
b— s¢*¢~ transition in spin-§ system g
Improve the understanding of the helicity 3

structure 05w 5600 5800 5000
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b 200F T
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http://link.springer.com/article/10.1007%2FJHEP06%282015%29115
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Branching fraction [JHEP 06 (2015) 115]

18 F T T T ]
16F -

o SM prediction B
14F .
F Data E
12F =
Uy ol B SR R

Measurement performed in several 4% bins

Absolute differential branching fraction

dB(A, — A )/ do? [107(GevZ/ct) Y

osk mm : _I_ 3 obtained by multiplying by B(A) — J/i) A)
Zi: 777777777 s !0 0 = E Measurements compatible with SM at
02 '__}ﬁ 1. + LHCb _ high—z2 but lie below the predictions at

o _113_‘ 1|0 1'5 2'0' lOW-q [PRD 87 (2013) 074502]

o? [GeVHcd]

15 < g*> < 20 GeV?/c*

dB(A) = Autp”)

a7 = (1.181 )05 (stat) +0.03(syst) £0.27(norm)) x 10~ (GeV?/c*)~!
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http://link.springer.com/article/10.1007%2FJHEP06%282015%29115
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.074502
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Angular analysis [JHEP 06 (2015) 115]
_e I ' HE
o8 ? L HCb SM prediction é
Measure forward-backward asymmetry oo e E
. h di 2F E
in both dimuon and pr systems 0(2):: — + 3
Only in ¢° bins with statistically o2 TR LT I rrrrr s 3
significant yields Py E
Al in good agreement with predictions % ‘ ‘ ‘ L
of the SM while A% lies consistently ° ° ° " ¢ cevieq
above the predictions farxivior.26s5] @ 05¢ : :
gg %: L HCb SM prediction
02F = Daa
2 2/ A4 01f
15 < g* <20 GeV?/c o
0.1
Agg = — 0.05 £ 0.09(stat) & 0.03(syst) 51
Al = —0.29 + 0.07(stat) + 0.03(syst) ;g-_goé o | " E

20
q? [GevZcd]
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http://link.springer.com/article/10.1007%2FJHEP06%282015%29115
http://arxiv.org/abs/1401.2685
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BO - K*O,LL+,LL_

[LHCb-CONF-2015-002]

Decay fully described by 42 and three angles €} = (cos 8}, cos Ak, ¢)

1 dBr+T1)
dC+0)/d? 49
9
321

P

[%(1 —Fp) sin? Ok + Fy, cos? Ok
+ 11 - F) sin® 9k cos 26,
— Fp cos? Ok cos 20; + S sin® Ok sin® 6; cos 26
+ S4sin 20k sin 20; cos ¢ + S5 sin 26k sin ) cos ¢
+ %AFB sin? Ok cos 6; + Sy sin 20 sin 6; sin ¢

+ Sg sin 20 sin 26, sin ¢ + Sg sin? O sin® 0, sin 2¢

= g2 |
K* K [
\ Ll
\ |2
o
\

F1, Apg, Si combinations of K*° amplitudes which depend on the Wilson

coefficients Cél) , Cg(/), C{g and the form factors

Additional sets of observables, for which the leading form-factor uncertainties

cancel, can be built from F; and S3 to Sg
e.g. P{4,5 = 5475/ FL(l — FL)


https://cds.cern.ch/record/2002772
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Previous analyses of BY — K*u "y~ at LHCb

Two previous analyses using 1fb ™

1. Good agreement with SM predictions prer o7 2o11) 0671 for observables measured in
[JHEP 08 (2013) 131]

Theory EEEBinned Theory M Binned
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http://link.springer.com/article/10.1007%2FJHEP07%282011%29067
http://link.springer.com/article/10.1007%2FJHEP08%282013%29131
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.191801
http://link.springer.com/article/10.1007%2FJHEP05%282013%29137
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Previous analyses of BY — K*u "y~ at LHCb

Two previous analyses using 1fb ™

2. Less form-factor dependent observables (P;) introduced in
[PRL 111, 191801 (2013)]

3.70 local deviation from SM prediction prep 05 2013) 1371 in Pl5!
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http://link.springer.com/article/10.1007%2FJHEP07%282011%29067
http://link.springer.com/article/10.1007%2FJHEP08%282013%29131
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.191801
http://link.springer.com/article/10.1007%2FJHEP05%282013%29137
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Selection

LHCb
o preliminary

(3 FREEARAN

B0 . (25)

¢ [GeV¥/cH

T T i
\

L o T P P IR I S
52 53 54 55 5.6 5.7
m(K* 7w utw) [GeV/c?]

‘(’3 — Aptu~ B — Kk*0putp— Conclusion

10*

10°

[LHCb-CONF-2015-002]

Resonant modes (B — /i K*® and
BY — v(25)K*?) and peaking
backgrounds vetoed with kinematic
and PID criteria

Multivariate classifier used to reduce
combinatorial background

Kinematic, particle identification and
isolation variables used as input

Full 3.0 fb~! of Run I data
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https://cds.cern.ch/record/2002772
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Mgy, distribution [LHCb CONF-2015-002]
x10°
o 1007 T =
3 I;;r}élcramary ]
g ]
0 0
5 BO— JjyK*
I% I
Signal fit parameters determined from a I
fit to B’ — J/1» K*? in data gl - o
Scale factor applied to account for 4> ) [Mevicy
dependent effects NL>J i Lréct‘)_
L reliminar B
Integrated B’ — K*%u+ 1~ signal yield = 600" 0 50 . y_f
Ngig = 2398 + 57 g BO— KOyt
@ 400 -
gl
o L
2007 -

05200 3 5600

m(K T utu) [MeVicg
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https://cds.cern.ch/record/2002772
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Acceptance correction [LHCb-CONF-2015-002]

) g &
ki) 3 ki
S S S )\
e [ o ]
05 i
[ Lren Hob [LHen q2[0.10,0.98] Gev?/c* 1
ati i r ati 1
] smulation simulation [ simulation qz[]go,lgo] GCVZ/L‘4 ]
‘ ‘ ‘ ‘ ‘ ‘
05 1 o1 05 0 05 1 0 2 0 2
cos B¢ ]

T T

cos 6,
Trigger, reconstruction and selection distort the distributions of qz, cos 0y, cos Ok, ¢
Acceptance parameterised as product of Legendre Polynomials, P;

No factorisation is assumed
Coefficients determined from PHSP B? — K*?;* 1~ MC using a method of

moments approach

E(COS 01, cos Ok, ¢, qz) = Z Cklmnpk(cos gl)Pl(COS QK)pm (Cb)Pn (qz)

klmn
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https://cds.cern.ch/record/2002772
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S-wave pollution [LHCb-CONEF-2015-002]

K*Y reconstructed through decay channel K* — K* 7~

Can also have contribution due to K*7~ in S-wave configuration
=» 6 additional observables

ar +117“)/dq2 d3(1;g D - = (1-Fs) dr +1f)/dq2 ds(l;g D P—}—%Fs sin? f; + S-P interference
B T ——————
P-wave observables scaled by factor (1 — Fs) Emf P ey
Simultaneous fit performed to mg, to constrain %40000 4
Fs 5
P-wave modelled with relativistic BW m20000:
S-wave modelled with Lass parameterisation

[NPB 296 (1988) 493] 0.9 0.95

Tm(K*) [Gev/cd
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https://cds.cern.ch/record/2002772
http://www.sciencedirect.com/science/article/pii/0550321388900284
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Angular fit [LHCb-CONF-2015-002]

LHCI:‘I q
preliminary |

LHéb
preliminary

+

Events/ 5.3 MeV/c2
Events/ 10 MeV/c?
8

Analysis performed in several ¢ bins

0.

.9 095
m(K*m) [GeVv/c]

First analysis to allow simultaneous
determination of all 8 observables

‘ ‘ LHCh
preliminary

Events/0.1
Events/ 0.1

4D+1D simultaneous fit to Mgz,
cos 0y, cos O, ¢ and my,

Projections shown for ¢* bin
1.1 < ¢* < 6.0 GeV?/c*

Feldman-Cousins method used to
ensure correct coverage [PRD 57 (1998) 3873]

’ cos Gy

T
LHCb
preliminary

Events/ 0.1 7w

2
@lrad]
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https://cds.cern.ch/record/2002772
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.57.3873
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Systematics [LHCb-CONF-2015-002]

Many sources of systematic uncertainty are investigated
Acceptance correction ( < 0.01-0.02)

1. Limited size of simulation sample

2. Residual data-simulation differences

3. Parameterisation of the efficiency function
4. Evaluation at a fixed point in q2

Peaking backgrounds ( < 0.01-0.02)
1. B— gt~
2. A)— pK—ptp~
3. B’— K*u* 1~ double mis-id
PDF modelling ( < 0.01)
1. Signal models for mgry, and mgx
2. Background angular models
All estimated using high statistics pseudo-experiments

Measurement is statistically dominated
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https://cds.cern.ch/record/2002772
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Results - FL, 53, 54, 55
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Conclusion

[LHCb-CONF-2015-002]
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https://cds.cern.ch/record/2002772
http://arxiv.org/abs/1503.05534
http://arxiv.org/abs/1411.3161
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Introduction H[F\) — 7T ;ﬁ'“* \(,3 — Ap T p

Results - Agg, S7, Sg, So [LHCb-CONEF-2015-002]

& o] farkiv150305534] Tarxiv1a11 3161] | ) os- ' ' LHCh ' -
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of | o ++ ; t—]
f';: LHCb ] I -+ ]
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05 LHCb 7 o5 LHCb 7
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ok ] — oL | I
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Results - Pg [LHCb-CONF-2015-002]

T L

LHCb

preliminary Deviation at level of 2.9¢ in both bins

[4.0,6.0] and [6.0,8.0] GeV?/c*

Naive combination results in

-
AT AT AT

I SM from DHMV

. ]
T + significance of 3.7¢
-osf- —+ - Discrepancy in Pf confirmed!
: T
) 5 10 15
o [GeV A
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https://cds.cern.ch/record/2002772
http://link.springer.com/article/10.1007%2FJHEP12%282014%29125
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.191801
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Results - Pg [LHCb-CONF-2015-002]

0.5%5%:{“%r

o: 1 Naive combination results in

T _—F%— significance of 3.7¢

-osf- —+ - Discrepancy in Pf confirmed!
4-#: Compatible with 1 fb~! analysis

b 5 10 15 [PRL 111, 191801 (2013)]

o [GeV A

Iﬁglci:r%inary ] Deviation at level of 2.9¢ in both bins

[4.0,6.0] and [6.0,8.0] GeV?/c*

SM from DHMV
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https://cds.cern.ch/record/2002772
http://link.springer.com/article/10.1007%2FJHEP12%282014%29125
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.191801
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Conclusion

Rare decays are powerful probes in the search for NP

Presented first observation of B — 7+ 7~ u*u~ and first evidence of
B— ntoputpu~

Presented branching fraction and angular analysis of A)— Ap* ™
Presented full angular analysis of B® — K*0ut i~

. . . / .
Deviation in P; confirmed!

Further LHCb talks @ DPF
Michael Koplin, B — ¢u* i~ at LHCb, next talk

Tobias Tekampe, First measurement of the differential branching fraction and CP
asymmetry of the BT — 71~ decay, tomorrow

With Run Il beginning, exciting times are ahead!
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[JHEP 06 (2015) 115]

Total signal yield Significance

01-20 16.0+5.3 44
20-40 48+47 1.2
40-6.0 09+23 0.5
6.0-8.0 11.4+5.3 27
11.0-125 60 £ 12 6.5
15.0-16.0 57+9 8.7
16.0-18.0 118 £13 13
18.0-20.0 100 £11 14
1.1-6.0 94+6.3 1.7
15.0-20.0 276 £20 21
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