RARE DECAYS AND SEARCH FOR NEW PHYSICS

© Introduction
o b— s transitions:
» b— Syl
> B)— [l
= The B— upuK* decay and the P, anomaly
« What does the b— s¢/ family tell us?
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PRECISION MEASUREMENTS

» Sensitive to “New” Physics effects indirectly
« When was the Z discovered?

« 1973 from vN— vN
« 1983 at SpS collider?

« ¢ quark needed to explain K?— utpu~ (GIM)
« Third family (b,t) to explain CP violation
(Kobayashi & Maskawa)

¢/ Estimate masses

« t quark from BB mixing
¢ Much larger mass coverage than /s

v/ Get phases of couplings

« Half of new parameters
« Needed for a full understanding

* Look in lepton and flavour sectors
=» CP asymmetry in the Universe
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PRECISION MEASUREMENTS

__—-——.

Number of extrasolar planet discoveries per year through February 2014, &
with colors indicating method of detection

Hardly any exoplanets have been
observed directly. .. but that's the next
talk.
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PRECISION MEASUREMENTS

Where to look?

Need three ingredients:
@ Precise SM prediction

@ (desirable) Precise beyond-SM
predictions

© Good experimental precision
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http://arxiv.org/abs/hep-ph/0609232

b— sy POLARISATION

Ways to measure:
@ Mixing-induced CP violation
[Atwood et al., PRL79:185, 1997]
o A9 baryons
[Hiller & Kagan, PRD65:074038, 2002]
= B - yK**(K7m)

[Gronau & Pirjol, PRD66 054008, 2002] [Gronau et

The photon polarisation is not mea- o e

B , e Virtual photons (b— ¢/s)
o Naively r = C;Z = ,n,:—z [Melikhov et al., PLB442:381-389,1998]
@ Gluons contribute a few @ Converted photons
percent [Ball & Zwicky PLB642:478,2006] [Grossman et al., JHEP06:29,2000]

@ Right-handed operators could
contribute
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http://arxiv.org/abs/hep-ph/0609037
http://arxiv.org/abs/hep-ph/9704272
http://arxiv.org/abs/hep-ph/0108074
http://arxiv.org/abs/hep-ph/0205065
http://arxiv.org/abs/hep-ph/0107254
http://arxiv.org/abs/hep-ph/0107254
http://arxiv.org/abs/hep-ph/9807464
http://arxiv.org/abs/hep-ph/0005069

WU EXPERIMENT (1956)

@ The ﬁl’St measurement Of Mirror plane
C-parity violation was Original Mirror-reversed
. . 60 arrangement arrangement
performed in 1956 with °“Co N N
decays A 0 Predicted direction
Preferred direction of beta emission if
° The |eft—handedness Of of beta ray emision parity were conserved

the weak interaction is probed

by measuring the direction of

beta_rays Cobalt-60
=» Let's measure the handedness i

of the b— s+ transition

Pr,fast N\ Observed direction

Direction of electron of beta emission in
Prtow’X P I\ flow through the |\ miror-reversed
H solenoid coils arrangement
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[Phys.Rev.Lett. 112, 161801, arXiv:1402.6852]

PHOTON POLARISATION IN b— s7

@ The SM predicts the photon in b— sv is left-handed. ~

g

2000

2 L2
. nm . .
Corrections O(-%). Polarisation so far unobserved. 2
s
3
g

@ Looking for BT — KTr ™1™~ with calorimeter
photons. Very clean selection, essentially only 2y
part.reco. background left. 13000 signal candidates & o
in 3fbL. ’

@ My distribution shows many resonances. No

attempt to disentangle them. K;i(1270) dominates.

Bin in 4 regions.

8

1200 1400 1600 1800

M(KTT) [Mev/c?]
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http://arxiv.org/abs/1402.6852

[Phys.Rev.Lett. 112, 161801, arXiv:1402.6852]

PHOTON POLARISATION IN b— s7

@ The SM predicts the photon in b— s is left-handed.

o Compute up-down asymmetry

1 0 > >
_dr_ _ dl Prslow X Prfast
({dcos@dcose j; deosf &,

Aud =

\<

1
dr
fl deost7&—

6.9+17, 49+20, 56+1.8, —45+1.9%

=» 5.20 first observation of photon polarisation

Candidates/ (8 MeV/c?)

@ Need theory input to determine photon polarisation

2 ooy LHOb B 2 oof LHob  f 2 g Zog LHCb ]
x x x x
206’;\ S R AN M1 2o % o6k : A
a X a a a 3

04f 1 1 Toa 4 o4 04f t 3

02F 4 ozf 4 ozf 4 ozf

[1.1,1.3] GeV/c? [1.3,1.4] Gevic? [1.4,1.6] GeV/c? [1.6,1.9] GeV/c?
1 05 0 05 T 05 0 05 T 05 0 05 1 05 0 05
cos cos cosb cosh
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0 o=
B — ' p
o Very rare decay, well described in the SM

B(B? = utp)sm = (3.65 +0.23) - 107°

[Bobeth, Gorbahn, ermann, Misiak, Stamou, Steinhauser, Phys. Rev. Lett. 112, 101801 (2014), arXiv:1311.0903],
[De Bruyn, Fleischer, Knegjens, PK, Merk, Pellegrino, Tuning, PRL 109, 041801 (2012), arXiv:1204.1737],
[Buras, Acta Phys.Polon.B41:2487-2561,2010, arXiv:1012.1447] . . .
W= &
b —r =

t'Y AV,

ut

@

W

o Very sensitive to NP, e.g. Minimal Susy Models:
m?mZ tan® 3

0 + -
B(Bs — w11 )mssm o 7
My
b H- 1%
~
< hA°
t o= =
7
s ‘ i
w
ch
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http://arxiv.org/abs/1311.0903
http://arxiv.org/abs/1204.1737
http://arxiv.org/abs/1012.1447
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BY — ptpu~ AT LHCB

All reconstructed tracks

\
14mm
e .
B .
decay == ]| Only well reconstructed tracks with P> 500 MeV
pp collision
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BO % M—"_/l/_ AT LHCB [Phys. Rev. Lett. 111 (2013) 101805, arXiv:1307.5024]

o Classify events with a BDT
calibrated on B— hh and the
= 5600 Y - ﬂ+ﬂ ass

S s Rl * Allp

ints in mass window are used
200 SolTR0 inresult, but only BDT > Q.7

'hown elow ..
—ﬁ-u-'-_a-ﬂz-«l J=te

LHCb
BDT>0.7
3fb!

Candidates / (44 MeV/c?)

) -
5000 5500
[MeV/c?]

My
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http://arxiv.org/abs/1307.5024

CMS Experiment at the LHC, CERN
0 ¥/ /7 \Data recorded: 2012-Nov-30 07:19:44.547430 GMT (08:19:44 CEST)
Bs N /’L :u AT C M S Run / Event: 208307 /997510994
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] CMS Experiment at the LHC, CERN
i O Vo Data recorded: 2012-Nov-30 07:19:44.547430 GMT (08:19:44 CEST)
Bs e S Y AT C M S Run / Event: 208307 /997510994

o Classify events with a BDT calibrated
on BY— Jhb ¢ and the put i~ mass
 * Different classification of barrel and

endcap events

DT stable versus event multiplicity

S/(S+B) Weighted Events / ( 0.04 GeV)

MR
53 54 55 56 57 58 59

my, (GeV)

[Phys./Rev//liett. 111 (2013) 101804, arXiv:1307,5024]
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http://arxiv.org/abs/1307.5024

[CMS-PAS-BPH-13-007, LHCb-CONF-2013-012]

BY — 1t~ COMBINED

. [ ,
DO 1040 ' CDF 10fb™' WsMm
CDF 10fb™' [~ b |
ATLAS 4.9f6 " s LHCb 316" [~
preliminary T i
LHCb 316" [~ 4
CoMs 25fb ' - _—
ism
cMs 25t |-
CMS+LHCb
il - —_—
CseLHCo | ,_.I preliminary
ol . . . . .
0 2 4 6 8 10 12 14 16 18 20 22 0 2 3 4 5 6 7
B(BI— W) [107] BB’ W) [107]

B(B?— ' p~) = (2.9+0.7) x 107°

B(B°— ptu~) =36 18) x 10710

First observation of BY — utp~!

ATLAS: B(B? — ptp~™) < 1.5 x 1078 [ATLAS-CONF-2013-076]
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https://cds.cern.ch/record/1564324?ln=en
http://cds.cern.ch/record/1562934

[F.N. Mahmoudi, arXiv:1310.2556]

CONSTRAINTS

CMSSM - tan =50, Aa=-2 m,

[ atowea

[ charged Lsp
[Jene, - m
. BR(B — X,7)
| B

[ ECETY
|:| BR(B, - up)
| G amaT
Wl sre K i
- BR(D, - )

500 1000 1500 2000 [ ere -x, . ha'
m,, (GeV)

500 1000 1500 2000
m,, (GeV)

@ There are as many exclusion plots as models.

@ In this CMSSM (MSSM with universality assumptions at the GUT
scale) flavour physics excludes everything at large tan 3 (remember
B ~ tan® ), while at tan 3 ~ 30 direct searches (black line)
compete with flavour physics

o White line: above the Higgs can have a mass larger than
122 GeV/c?


http://arxiv.org/abs/1310.2556

“The success of the LHCb experiment has so far been
a nightmare for all flavour physicists that were hoping
to see signs of new physics popping up in BO-B% mixing
and the rare B — utu~ decay. This situation might
§ have changed with the latest measurements [1,2]'

[Gauld, Goertz, Haisch, arXiv:1310.1082]

; .[1,2] are discussed in the next slides.

i B3
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http://arxiv.org/abs/1310.1082

o Start with b— sy
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o Start with b— s+, pay a factor agy
=» Decay the 7y into 2 leptons
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0712.3009

o Start with b— s+, pay a factor agy

=» Decay the v into 2 leptons
o Add an interfering box diagram
=» b— s, very rare in the SM
B(B— ¢(K*) = (1.8+£0.2)-107°

[Huber et al., Nucl.Phys.B802:40-62,2008]

ch
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0712.3009

o Start with b— s+, pay a factor agy

=» Decay the v into 2 leptons
o Add an interfering box diagram
=» b— s, very rare in the SM
B(B— ¢(K*) = (1.8+£0.2)-107°

[Huber et al., Nucl.Phys.B802:40-62,2008]

Neutralino loop

@ Sensitive to Supersymmetry, Any b —pp-nte- s
2HDM, Fourth generation, Extra : ¢
dimensions, Axions ...

i
b —p——p———Pp— s
\ i

. .
Xi SN
H C
Gluino loop i
Chargino loop i

Patrick Koppenburg Rare decays and search for New Physics Rencontres de Blois 2014 [16/30]

59 Ideal place to look for new physics
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0712.3009

o Start with b— s+, pay a factor agy

=» Decay the v into 2 leptons

o Add an interfering box diagram

=» b— s, very rare in the SM
B(B— UlK*) =

[Huber et al., Nucl.Phys.B802:40-62,2008]

X But beware of LD effects:

ch

o Tree b— cCs, (c€)— ¢
v/ Can be removed by mass cuts
X ¢ Interferes elsewhere

BF

(1.8+£0.2)-10°°

photon pole .
[C7/9?]"2 ([C'7/q%]"? open charm region

Cg, C1odominate

interference of
7, Cg, C10

(+BSM)

resonant structure

harrow charm
resonances

q2 = 4m2 92 = (ms-mv)?

“low g2/
large recoil”

“high g2/
low recoil”

(c) Jaeger
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B— //K* ANGULAR DISTRIBUTIONS
A lot of information in the full 6, 0k and ¢ distributions

- il _ 2 Fy, cos? 6 +3(1—F)(1—c0520 ) +
[ dcosfydcosfxdpdg? 167 | K4 L K

Fi, cos® Ok (2 cos? 0, — 1) +
1

Z(l — FL)(1 — cos? k) (2cos? B, — 1) +
S3(1 — cos? Ok )(1 — cos? ;) cos 2+

4

§AFB(1 — cos?fk)cosf, +

So(1 — cos? O )(1 — cos? B;) sin 2¢

[Altmannshofer et al.,
JHEP 0901:019,2009]
[Kriiger & Matias,
Phys.Rev.D71:094009]
= Many observables depending on > = m? c* [l
[Ali et al.,
Phys.Rev.D61:074024]
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B— //K* ANGULAR DISTRIBUTIONS
A lot of information in the full 6, 0k and ¢ distributions

. il _ 2 [F cos? 6 +3(1—F)(1—c0520 ) +
[ dcosfydcosfxdpdg? 167 | K4 L K

Fi, cos® Ok (2 cos? 0, — 1) +
1

Z(l — FL)(1 — cos? k) (2cos? B, — 1) +
S3(1 — cos? Ok )(1 — cos? ;) cos 2+

4

§AFB(1 — cos?fk)cosf, +

So(1 — cos? O )(1 — cos? B;) sin 2¢

[Altmannshofer et al.,
JHEP 0901:019,2009]
[Kriiger & Matias,
Phys.Rev.D71:094009]

[Egede et al., JHEP
0811:032,2008]

[Ali et al.,
Phys.Rev.D61:074024]
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B— //K* ANGULAR DISTRIBUTIONS
A lot of information in the full 6, 0k and ¢ distributions

1 a4r 9 [ .3 ,
— ~ = — | Fcos 0k +—(1— F))(1 —cos” 6 +
dcosf;dcosfx dpdg? 167 l K 4( A k)

2 2
s Fi, cos® Ok (2cos” 6y — 1) +
GMSSM; 1
0.10 / Z(l — )1 - cos? 0k)(2 cos? 6y — 1) +
o \ S3(1 — cos? Ok )(1 — cos? 0;) cos 2+
0.00 N ——

— 40 1o ,
005 A = 3 (1 — cos” Ok ) cos Oy +
GMSSMy;

—-0.10

e 59(1—c0529K)(1—c05295)sin2<;’5}
7 (GeV?)

[Altmannshofer et al.,
JHEP 0901:019,2009]
[Kriiger & Matias,
(2) Phys.Rev.D71:094009]
_ [Egede et al., JHEP
=» Transverse asym. S3 = (1 — /1)A}’ (RH) oot e |
[Ali et al.,
Phys.Rev.D61:074024]
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http://arxiv.org/abs/0811.1214
http://arxiv.org/abs/0811.1214
http://arxiv.org/abs/hep-ph/0502060
http://arxiv.org/abs/hep-ph/0502060
http://arxiv.org/abs/0807.2589
http://arxiv.org/abs/0807.2589
http://arxiv.org/abs/hep-ph/9910221
http://arxiv.org/abs/hep-ph/9910221

[PLB 727 (2013) 77, arXiv:1308.3409] [ATLAS-CONF-2013-038]

™ ) e as eant e o Select BO _>K*M+Mf

o Take the K-m hypo that gets
closest to the K* mass

o Cut out JAp and 9(25)

o CMS observe 415 + 30 events
in 5.2 fb~" (2011)

o ATLAS 466 + 34 in 4.9fb !

Signal yild: 90 + 17

s TR e s @ Binin @2 = mim_ = dr/dq?
3 = mE f;g;;;m 3 1.25M8 L=521" Vs=7TeV
2 L

B3B8 8

Poak. bkg
%1418 - 1600 GoV"
‘Signalyield: 38 =+ 10

EC .}

dBF/dq2 (107 x GeV™

54

o 1) Gon)
% 220E ATLAS Prefiminary 1s=7TeV.
3 0 o0scaeqciomen [Laoson’
2 oo
F o
2w =
H omesn

L L
14 16 18

“SM: [Bobeth et al., JHEP 1107:067,2011] q°(Gev?)

48055000 51005200 5300 5400 5500 5600 5
miKeun) MaV]
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http://arxiv.org/abs/1308.3409
https://cds.cern.ch/record/1537961
http://arxiv.org/abs/1105.0376

B— uuK* AT CMS AND ATLAS % CMS

Events/(0.2)

Events /(0.2)

cms L=52fb" Vs =7TeV
F a2 2 -e-Data
E g% 1.00 - 6.00 GeV’
g0 4 — Total fit
E ---Signal
S0¢ + -- Comb. bkg
0 +
s0f - +
20 T e,
10 )
0 Ees | ! L I L L L 1ae
-1 -08 06 -04 -02 0 02 04 06 08
cos(0))
cms L=521f" V§=7TeV
£ g2 2 -e-Data
E g% 1.00 - 6.00 GeV’
g0 4 — Total fit
P ---Signal
So¢ -+- Comb. bkg
0 E Il Il Il Il ) \- o 1 Il Il 1
-1 -08 06 -04 02 0 02 04 06 08

cos(0y)

[PLB 727 (2013) 77, arXiv:1308.3409] [ATLAS-CONF-2013-038]

o Select BO - K*putpu~
o Take the K-m hypo that gets
closest to the K* mass
o Cut out JAp and 9(25)
o CMS observe 415 + 30 events
in 5.2fb~! (2011)
o ATLAS 466 + 34 in 4.9fb !

e Binin g2 = mim_ = dr/dq?
o Fit for Ok and 6, o
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http://arxiv.org/abs/1308.3409
https://cds.cern.ch/record/1537961

[PLB 727 (2013) 77, arXiv:1308.3409] [ATLAS-CONF-2013-038]

B— uuK* AT CMS AND ATLAS %

w 0_;%_ " ATLAS Prefiminary \sz7 Tov E o Select B —>K*,u+u7
08* [La-ssw E o Take the K-7 hypo that gets
2;: Ty closest to the K* mass
o5t 3 o Cut out JAp and 9(25)
o + +: o CMS observe 415 + 30 events
0zt E in 5.2 fb~" (2011)
0-12— ] o ATLAS 466 +34in 4.9fb~"
ot Il
0 8 10 12 14 16q21[zev22;) ° Bin in q2 — mi+u— q dl_/dq2
& 1?"52:;3 Les2t B=71Y o Fit for Ok and 6,
EI<SM> -> F and A
0.57 3 L F? .
L g e : o All compatible with SM
Tt
-0.5
-1 L | 1 L i L L L
2 4 8 10 12 14 1

6 18
o2 (GeV?) SM: [Bobeth et al., JHEP 1107:067,2011]
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http://arxiv.org/abs/1308.3409
https://cds.cern.ch/record/1537961
http://arxiv.org/abs/1105.0376

[PLB 727 (2013) 77, arXiv:1308.3409] [ATLAS-CONF-2013-038]

B— uuK* AT CMS AND ATLAS %

.l 1E T T

Yook ATLAS Preliminary s Toy E o Select B —>K*M+M7
o8 _[Ldt=4.91b' 3 e Binin q2 — ,.nZ+ s dr/dq2
0'7; Theory E KT H
o oAws o Fit for O, and 6,
2.431;: + ++: -> FL and AFB
‘;i‘ 3 o Note the physical boundary
of—t T limiting the values of Fr, and Arg
¢ [GeV?]
cns Les2b CMS preliminary L=5210" Vs=7Tev
<& [ +Data uw 1§ « ¢ bin
- msM
[ E<SM>
0.5—
i —+— B
i R i 4
off.L } i 0
-0.5
-1 L | 1 L i L | | L |
2 4 8 10 12 14 08 06 204 02
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http://arxiv.org/abs/1308.3409
https://cds.cern.ch/record/1537961

[JHEP 08 (2013) 131, arXiv:1304.6325]

LHCB (1FB1)

e 1 T o Select B® —K*uTu~ using a
R ] boosted decision tree
HE Wreakingbkg E 2 q

o Cut out JAp and 9(25)
o o Observe 883 + 34 events in 1 fb~!

LHCb 2

el @ Binin g% = m,
dr/dq?

Theory B Binned
—e—LHCb

5200 3100

5200 3400

560
KT MV

LHCb
434" <868 Gevlct

T and extract

Candidates / ( 10 MeVic? )
Cancidates (10 Mevic?)

e e E e o s
) tey o) levic?] — 5
KT [MeVic?) M) [MeVic?] & 1.5 T T T
g 7 > [ 1
H LHCb 3 LHCb (] I L H C b i
H 1418 < 7 < 16 Gevilct H 16 <7 <19 Gevilct 0] | 4
H 184
H 7 < 1
2 -
H 1 % o 9 x
3 3 ~ 1
i o I® 1
5200 ES) 5600 5600 — L 4
MK ) Mevicd) MKW [Mevic?] —
~ _+_ ]
o
© 05F _+_ .
- X ]
o
] L ]
1 1 1

OO

5 10 15 20
q2 [GeVZ/cd)
SM: [Bobeth et al., JHEP 1107:067,2011]

Patrick Koppenburg Rare decays and search for New Physics Rencontres de Blois 2014 [19/30]


http://arxiv.org/abs/1304.6325
http://arxiv.org/abs/1303.5794
http://arxiv.org/abs/1303.5794
http://arxiv.org/abs/1105.0376

[JHEP 08 (2013) 131, arXiv:1304.6325]

B— pupuK* AT LHCB (1 FB™!)

ooy e o Select B® —K*utu~

o8 LHCb _ e Binin g?> = mim_
0s *! 1 e Fit for Ok and 6,
F | ] =» Extract zero crossing point
(4.9+0.9) GeV?/c*

15 20
g2 [GeV¥c4
Theory M Binned

1 +LHCh: : :

E LHCb ]
0:_1 — _¥_ @ All compatible with SM
-05F 7

) 5 m :

15 20
2 2 4
q* [Gevi/c] SM: [Bobeth et al., JHEP 1107:067,2011]
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[JHEP 08 (2013) 131, arXiv:1304.6325]

B— pupuK* AT LHCB (1 FB™!)

gy momes o Select B® —K* it~
: ] inin a2 = m2
o : —4— i*_: o Bining*=m, _

o Fit for O, and 6,

=> F, and Arg
ost\ [l 3 =» Extract zero crossing point
A LHCb ] (4.9+0.9) GeV?/c*
) 5 10 15 20 =» Extract T-odd Sg. And Ss,
a2 [GeV?ic’] i, .
Theory mmEinned sensitive to right handed currents
maule : =» And A%, and A% (also

LHCb right-handed). . .

o All compatible with SM

0.5

-0.5|

0 5 10 15 » 20
2 41
q* [Gevi/c] SM: [Bobeth et al., JHEP 1107:067,2011]
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COMPARISON OF ALL EXPERIMENTS

Theory BB Binned

Theory HE Binned

j?.- LHCb =& CDF ~¥- BaBar -# Bele -~ CMS -~ LHCb -« CDF ~¥%- BaBar - Bele -5~ ATLAS =~ CMS
g L T T o T
> <
]
<
o
© ]
Lrd
o
=
G
8 osf- 1. !‘ -
o
=l
o . . . Al . . .
0 5 10 15 20 0 5 10 15 2
q2 [GeV2/c4] q2 [GeV?/c4|
Theory Ml Binned Theory Ml Binned
~®- LHCb =& CDF ~¥- BaBar -# Bele -5 ATLAS =~ CMS ~®- LHCb =& CDF
N ; [ T T
osf B
—t—
0.6 l_
0.4 —
—l— ]
o . . ol . .
0 5 10 0 5 10

15 20
q2 [GeV?/c4]

15 20
q2 [GeV?/c4]

LHCb [JHEP 08 (2013) 131] CMS [PLB 727 (2013) 77], ATLAS [ATLAS-CONF-2013-038], Belle [Phys. Rev. Lett. 103
(2009) 171801], Babar [Phys. Rev. D. 73. 092001], CDF [Phys. Rev. Lett. 108 081807]
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B— pupuK* AT LHCB (1 FB™!)

SM Predictions

0.6- -
0.4 —+— Data —
0.2 -

20
q2[GeVZ/c4]

[Phys. Rev. Lett. 111, 191801, arXiv:1308.1707]

28D PAPE

o Select B® —K*utu~
S4.5

Fi(1-F)’
which are largely free from
form-factor uncertainties, [Descotes-Genon
et al., JHEP, 1305:137, 2013]

e We also measure P; 5 =
)

SM: [Descotes-Genon et al., JHEP, 1305:137, 2013]
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[Phys. Rev. Lett. 111, 191801, arXiv:1308.1707]

B— upuK* AT LHCB (1 FB™!) — 2P PAPE

o Select B® —K*utu~

2 ogl LHCb v red E

ook redictions ] / _ 5475

o We also measure P, 5 = ——=—,
0.4F 4 bata E ) FL(1—-F)
b D ] which are largely free from
02 —+— . form-factor uncertainties, [Descotes-Genon
2:: i et al., JHEP, 1305:137, 2013]
08 . + + N v Local discrepancy in P} at 3.70
1 "o 5 10 N observed. (P = 0.5% with

look-elsewhere effect)

cos(6,)

-1

-3 -2 -1 [] 1 2 3

Counting Ss: blue minus red
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WHAT 1S IT7 RIPEENREEE
o PO

WHAT 18 1T? Can a new physics model explain 10

such a discrepancy while still being compatible |

with 50 years of HEP measurements? 0'5$__

=» 28 theory papers and still counting. Here g B4
are a few: o5 o —

DESCOTES-GENON, MATIAS, VIRTO fit this and

other measurements and get a 4.5¢ discrepancy o .

with the SM. Their best fit favours a modified ¢ Gov)

Co coefficient =» Non-SM vector current. (phys. Rev. .

D 88, 074002]

-0.15 -0.10 -=0.05 0.00 0.05 0.10 0.15
ar
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WHAT 1S 1T7

DESCOTES-GENON, MATIAS, VIRTO get a 4.50
discrepancy with the SM =» Non-SM vector

current. [Phys. Rev. D 88, 074002]

ALTMANNSHOFER AND STRAUB find three
discrepancies at the 2-3c level in B— pukK™. 0
Modified Cy and C{ are needed.

The MSSM cannot do that without breaking B2
mixing. A FCNC Z’ of O(1) TeV would work.

[Eur.Phys.J.C 73:2646]

Re(C)'P)
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y
T
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WHAT 1S 117 Ty

DESCOTES-GENON, MATIAS, VIRTO get a 4.50
discrepancy with the SM =» Non-SM vector
current. [Phys. Rev. D 88, 074002]

ALTMANNSHOFER AND STRAUB find three osl Tovm
discrepancies at the 2-30 level in B— uuK*. _osi 6 omvz
A FCNC Z’ of O(1) TeV would work. (eurphysic  “os 6

73:2646) 0.49 '

10 520 530 540 550 560 570 S8

GAULD, GOERTZ, HAISCH also favour the Z’ ot
option, but prefer a mass of O(7) TeV. They
also predict the cross-section to muons at a
500 GeV linear collider. pHep o1 (2014) 069] E

1)
EEBR(Ew)

CMSSM - tan $=20, A =-2 m,

MAHMOUDI ET AL. show constraints on the
MSSM [arXiv:1401.2145]

500 1000 1500 2000
m, (GeV)
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y
T
2

WHAT 1S 1T7 LB
+ 50 m

a2 (oeviict

DESCOTES-GENON, MATIAS, VIRTO get a 4.50 6
discrepancy with the SM =» Non-SM vector

current. [Phys. Rev. D 88, 074002]

ALTMANNSHOFER AND STRAUB find three
discrepancies at the 2-30 level in B— puK*. LTS N N S
A FCNC Z’ of O(1) TeV would work. (gurphys.i.c 9L Bl

73:2646)

GAULD, GOERTZ, HAISCH also favour the Z/ o —%° —04 —03 =02 01

. _2 T T T
option, but prefer a mass of O(7) TeV. puer o !
(2014) 069] =3 ‘ SN
MAHMOUDI ET AL. show constraints on the e 4
MSSM ' [arxiv:1401.2145] 5k \ .
BeAuJEAN, BOBETH, VAN DYK add hadronic ok ]
form factors as nuisance parameters and find the
SM agrees at the 20 level. [Accepted by EPJC, _70_2 03 04 05 06

arXiv:1310.2478]
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[LHCb-PAPER-2014-007, arXiv:1403.8045]

ANGULAR ANALYSIS OF B— Ku™pu~

@ What about angular distributions
in B— Kutu~? In the SM

01 ]
Argp = 0 because of the scalar K. r TL ]
. LTI II ik

@ Only one angle in decay =» == I:I:J_:E:I::
measure App and Fy (fraction of  H I ]
scalar and tensor) :

e BT— Ktutu~ (right) and % 5 10 :Llqu[Ge\/z;O/c"]
B®— KOuTu~ (bottom), where . os : , ,
only Fy can be determined. - ‘ LHCb

Everythmg very SM-like

Il [T Ml T

20
" ¢ lceviie] @ [GevZcT
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[submitted to PRL, arXiv:1402.7134]

B—s 0¢X; AT BELLE 3

BELLE

@ Sum ten self-tagging X, final states
(K—7t, K—nta% K—nta—zt (B), K—,
K= 7% K—ntn—, K-atn~n% KOr—, K9n— =P, /A
KSTF_W+7T_ (B_)) Wlth 2 524 526 ‘;;al 530 522 524 526 ;;a 530
5 . . M, [Gev/c'] My [Gev/c']
my, < 2.0 GeV/c*, combined with
ptp~ and ete.

(b)

Events / 2.5 MeV/c?

Events /2.5 MeV/c?

2

8

3

Events / 2.5 MeV/c?

Events /2.5 MeV/c?

@ Build an asymmetry between
cos; > 0 (left) and cosf; < 0 (right)
for Xsete™ (top) and Xgu™pu™
(bottom)
=» Result consistent with SM prediction,
though uncertainties are large

522 52 530 522

4 526 528
M [Gavie

10— m

O 5 0 1520
¢ [GeV?/c?
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[LHCb-PAPER-204-006, submitted to JHEP, arXiv:1403.8044]

DIFFERENTIAL BFs oF B — K&yt~

e Reconstruct BT —K ™ =SLCSR _Laitice -+-Daia

&
. 5 -
o B —Ji K is taken as E B" - KJ#V;) ]
normalisation mode. 3! b 4
o Removing the charmonia, one X 3
S b+ Tt
gets the mass plot below = ++
o ...and the differential g
cross-section versus g° =m>_ . @ , , ]
A 5 10 15 20
R [GevZci]
1: T T ]
31 B' - K'pwu ]
2 LHCb -
- B
E 500 ]
g ]
ke
E ]

(=]

5200 5400 5600
MK W) [Mevic?
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[LHCb-PAPER-204-006, submitted to JHEP, arXiv:1403.8044]

DIFFERENTIAL BFs oF B — K&yt~

| CSR Lattice -e-Data
T T T

@ Reconstruct BY — K pu—pu™

& T ]
5 T
o and B® K%~ put (K® as K? g BY- Koy
- 9. LHCb A
—T T 5 3
X Much lower statistics due to high Eol E
0 Jifati = 3
K2 lifetime =) + 5
o The theoretical expectation of § 1 + E
2 a . . . 3

dB/dg* is the same up to S of : . . n
[GevFcA

TBO/TB+ q2

@ The BFs are compatible with the
SM expectation, but on the low
side

B® - Keurp
LHCb A

Candidates/ ( 10 MeV/c?)

5600
m(Kg W) [Mev/c?
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@ Reconstruct BY — K pu—pu™

ol

[LHCb-PAPER-204-006, submitted to JHEP, arXiv:1403.8044]

DIFFERENTIAL BFs oF B — K&yt~

fl T T T ]
e and B® =K%~ put (K® as K? % ,f LHCD - B KOy ]
- S Ca B L Ky ]
— T T ) O s +* + E
X .
o The BFs are compatible with the %, 2" ST
. = T4,
SM expectation, but on the low % 1+ + -
side R e
o The isospin asymmetry is o? [GeVct]
compatible with zero at the 1.50 4. : : : .
level [ LHCb B -K uu
OAS_— .
0: 1 + 1 ]
s + T
»0.5_:+— ]
10 5 10 15 20
R [GevZcd]
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[LHCb-PAPER-204-006, submitted to JHEP, arXiv:1403.8044]

DIFFERENTIAL BFs oF B — K&yt~

Reconstruct BT —K*Tp~pu™

e and B® =K%~ put (K® as K?
=)

@ The BFs are compatible with the
SM expectation, but on the low
side

@ The isospin asymmetry is

compatible with zero at the 1.5¢0
level
Do the same for BT —K*Tp~put
(K*T —KInt) wrt B®
— KOyt
o Details on B® —K*0pu~pt will
come later (needs S-wave)
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dB/do? [10® x c4/GeV?

A

-05F

| CSR
T

[N)
o

= IS
o a

(4]

Lattice -e-Data
T T

K™
LHCb -

B' -

15 20
@ [GeVct]

05f

0

[ LHCb B - Ky

+

-
-+

-+

R —

10

15 20
P [Gevict]


http://arxiv.org/abs/1403.8044

[LHCb-PAPER-204-006, submitted to JHEP, arXiv:1403.8044]

Too Low BFs AT HIGH ¢°?

SM Kyw SM K™ (o) w Cy'=-1.5 EOS* o R e
Dnrx.v:lsnmma - arXiv: 1310.3887 "7 wXivi1307.5683 % B - K
T T 3 4 LHCb 4
—.— 1fb™ BE(B!— ¢u*n’ x 3 E
(B,— ¢u'w) A A i
B 0 0 =g & E
116" BEB— K Ouhu) 3
Q , |

| . " [GevEIcT
3 BE(BY— K ™*uty)

s b ' B gt ]
3! BRB'— Kwhy) 3 of e B ,W' 2
= [JHEP 1307 (2013) 084, arXiv:1305.2168]
3fb” BE(B*— K*utp) S 00 == .
M.Patel, b
. Moriond g
0 05 EW 5 2 tarXiviI 1112558, = ) | )
Measurement/SM ~ HE7 107 (010098 ’ * #1GeVe

e All LHCb BF measurements are on the low side at high g2
compared to the SM

@ Something wrong with form factors?

e Or Cg < 0, which is also indicated by angular anomalies?
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[accepted by PRL, arXiv:1312.5364]

B— /X; BF AT BABAR

@ Sum ten X final states (k*, & oF =
Ktn0, Ktn—, Ktn— 7% Ktn—xt, ‘%,1 5%}
KS, K379, KOnt, K9nt 70, K9ntm™) g £ oy EN?
with my, < 1.8 GeV/c?, 050 E
combined with it~ and = %; W
ete. g 5 10 15 \'sz
o Get dB/dq? and dB/my, for ° P (GeV/c?)?
ecte, M uty” and
A sum.

)]

o Babar get a (non-significant)
enhancement in the last g2
bin, rather than a
suppression.

L I

406 08 1 12 14 16 18
2
m,. (GeV/c?)

dB/dm, (10°/[GeV/c?])
oo N S
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OTHER ASYMMETRIES IN B— K¢/

ISOSPIN ASYMMETRIES: There were some evidences reported by Belle
[Phys.Rev.Lett 103 171801,2000, arXiv:0904.0770], Babar [phys.Rev.D.86 032012] and LHCb prep o7
(2012) 1331. Now essentially gone [LHcb-PaPER-2014-006]

CP AsyMMETRIES: No evidence has even been reported (Most precise:

[Phys. Rev. Lett. 110, 031801] by LHCb) 22— P — T 1 ]
2 o 7
LEPTON UNIVERSALITY VIOLATION: If 1= BKIT E

there's a flavour-changing Z’, how does 4 E
it couple to leptons? All measurements 14} -

are consistent with no violation. (Belle = 12 E
) ]

[Phys.Rev.Lett 103 171801,2009], Babar [Phys.Rev.D.86 : ]
08f 4

032012]) . F ]
06 E

=» And | don't mention here B— Xy¢¢ oaf 3

1 L L L L L
5 15 20

10
s (GeV?/c?)
Ratio of B — Kutu~ and B —
KeTe™ Babar [Phys.Rev.D.86 032012]
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he LHC is the new b factory
ut the B factories are still producmg rest ilts
ploring b —s transitions g
« BY— ufp~ and b— sy do not hlghllght large SUSY
effects
Interesting deviation from the SM in B— uuK*
: => Are we seeing a heavy 7’7
flany analyses to be updated to 2012 data
. am} beyond with LHC’s Run Il and Belle II..

. ’-\nd Phave "tiddiscussed CP violation and charm

Conclusion

19/05/2014 - waw koppenburg org
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AM T AN UNCLEAR
COMMUNICATOR?

Backup

.
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OPERATORS OF INTEREST

Operator

Effective Hamiltonian H

AM — F) = (F [Hesr| M)

4G
Hesr = ——F Vis™ Vi Z G(n)O

e Operators O;: Long-distance effects
Oov, 104

o Wilson coefficients C;: Short-distance
effects(masses above p are integrated out)

New physics can show up in new operators or mod-
ified Wilson coefficients
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OPERATORS OF INTEREST

Operator Magnitude Phase Helicity flip O!
A2 — Ay
o b 57 5 Ky
B UK*
b—s
Oy b A = Ao
g *
(s, u,d} B — ¢K B — K*¢

Ogv,10A b— tts [ Apg(b=@ls) PBENIK™

Osp B —up B »srtr— b —sttr—

Adapted from [G.Hiller,hep-ph/0308180]
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OPERATORS OF INTEREST

Operator

« All G; calculated at NLO if not
NNLO in SM

*» We need to measure all
coefficients

« Any discrepancy is a sign of
New Physics
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[Phys. Rev. Lett. 111 (2013) 101805, arXiv:1307.5024]

B — utp~ STRATEGY

@ Select B —pu™ ™ using a

i . S T T T T §
boosted decision tree (BDT) i ]
tuned on MC but calibrated on i i q
real data B — hh signal and -

102 —— E
b.ackground from mass © LHob o §
sidebands b w Signal B — hh —<l>—_+:

X E o Background ) ) ]
1075 02 04 06 03 1
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[Phys. Rev. Lett. 111 (2013) 101805, arXiv:1307.5024]

B — utp~ STRATEGY

@ Select B —pu™ ™ using a P aaman \ : .
.. > £ LHCb —
boosted decision tree (BDT) R ]
. g 300 =
tuned on MC but calibrated on PR ]
real data B — hh signal and - E
o - ]
background from mass 1005 \ /\A E
sidebands = : :
0
e I\/Iass resolution calibrated on B -92000 9500 10000 10500 " ng(]]oo
— hh and dimuon resonances: T ”
2 g i ' ' LHCb |
(23.2+0.4) MeV/c 3l T ]
S L ]
I 1
2
3
5000 5200 5400 5600

my, [MeV/c?)
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[Phys. Rev. Lett. 111 (2013) 101805, arXiv:1307.5024]

B — ptu~ SIGNAL WINDOW

0 02 04 06 08 1
BDT

All points in mass window are used in result, but only BDT > 0.7 shown in next slide
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[Phys. Rev. Lett. 111 (2013) 101805, arXiv:1307.5024]

B AND BY — it~ SIGNAL PEAKS

- 16 ——————
J ]
E 14 LHCb e
512 BDT>0.7
S—/ 3fb—1 ]
> 10 —
] ]
s 38 B? E
el .
g§ 6 E
Q 3
4 3
2 =
0 5500

My, [MeV/c?]
e Data points. Background components: B — hh, B— 7" i, Combi-
natorial, B— huv
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[Phys. Rev. Lett. 111 (2013) 101805, arXiv:1307.5024]

B — utp~ STRATEGY

@ Select B —pu™ ™ using a il —
boosted decision tree (BDT)
tuned on MC but calibrated on
real data B — hh signal and
background from mass
sidebands S TN AN A |

5200 5250 5300 5350
My MeV/ )

20 LHCb
3fb

Candidates / (2 MeV/ ¢)

@© Mass resolution calibrated on B

— hh and dimuon resonances:
(23.2 4 0.4) MeV/c?

© Normalise to BY — J ¢,
Bt — JK, B Kn

X
<

Candidates / (10 MeV/c2)

00 5200 5400 5600
my, [MeV/c?)
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[Phys. Rev. Lett. 111 (2013) 101805, arXiv:1307.5024]

B— u"p~ AT LHCB BFS AND LIMITS

o 10 T
3 9F g

sE g

7 -

6 _

5 g

4 E

3 _

2 -

1 _

0 f . . 10° § . \

0 2 4 6 8 10 6 7 8 9. 10

B(B -yt B(B” > 1) [1077)
B = ptp~ BY = ptp”

Expected Significance (SM) 5.00
Observed Significance 2.00 4.00
Branching fraction 3.7F %1 fgjg x 10710 | 29+ hl) '*_'g::} x 1072
Expected limit assuming bkg only (95%) 4.4x10°10
Expected limit assuming bkg+SM (95%) 5.4 x 10710
Observed limit (95%) 7.4x10°10
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[Phys. Rev. Lett. 111, 112003 (2013), arXiv:1307.7595]

RESONANCE IN BT — KTutu~ AT LOW RECOIL

e We look at BT —uuK for

ke . data LHCb | My > My (s
3 400+ total - v(25)
= | f] e signal

g — - background

8

= 200

S

©

&

(@]

5400 ' 5600
My [M eVv/c?

my,K with my, > My, (25)-
1830 candidates with 3 fb™!
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RESONANCE IN BT — KTutu~ AT LOW RECOIL

Theory™®Binned theory e We look at BT —uuK for
- HCb'(3fb?) -e-LHCb (1 o)
—— My > My(25)

X Something odd at
4.2 GeV/c?

LHCb

4000 4500

m,., [MeV/c?]

dB/dm,.,- [10™° x cZ/MeV]

Differential BF
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RESONANCE IN BT — KTutu~ AT LOW RECOIL

e We look at BT —uuK for

T T T T

) . da

> 150 @ LHCb ~ tom i Mup > My (25)

= K _nc;nrfesonant X Something odd at
------ interference

& 109 --- resonances 4.2 GeV/c?

5 background

E 5o 4

s |

8 f T TRR

© oy -

A ] A 1 \ | .
3800 4000 4200 4400 4600
m,.,- [Mev/c?]

Fit with ¢(2S) included
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RESONANCE IN BT — KTutu~ AT LOW RECOIL

o We look at BT —puuK for

T T T T

150 @ LHCb - daa i My = My(25)
"""""" _nc;nrssonant X Something odd at
------ interference
--- resonances - 4.2 GGV/C2

background o A free fit gives

N m = 4191 fg and
22

Candidates/ (25 MeV/c?)
=
o
O

2200 4600
m,.,- [Mev/c?]

0:1 " 1 " —‘l ’
3800 4000 4200

Fit with ¢/(2S) and free single extra
resonance
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RESONANCE IN BT — KTutu~ AT LOW RECOIL

o We look at BT —puuK for

T

. data
1oL LHCD o ] My > My (25)
"""""" _nc;nrssonant X Something odd at
------ interference
---.resonances - 4.2 GGV/C2

background o A free fit gives

Candidates/ (25 MeV/c?)
=
o
(@]

S A A . m = 4191+ and
Ot ™ _ r=6571%.
3800 4000 4200 4400 4600 e Could be 1(4160) (note

m,.,- [Mev/c?] m = 4192 + 7 from BES)

Fit with 1(25), ¥(4040) and 1(4160)
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RESONANCE IN BT — KTutu~ AT LOW RECOIL

o We look at BT —puuK for

g T T T R dlma T
> 150 (c) LHCb — total i My > My(25)
= £ o nonresonant X Something odd at
s A interference 2
& 100 Yo res?(nancesd . 4.2 GeV/c
% : backgroun o A free fit gives
= 505 7 m=4191 "3 and
g — 5+ 22
§ 0’— i N e e R r - 65 - 16
3800 4000 4200 4400 4600 e Could be 1(4160) (note

m,.,- [Mev/c?] m = 4192 + 7 from BES)

e Fit with Y(4260) is not as

Fit with 9(2S), Y(4260) and Y/(4350) =~
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RESONANCE IN BT — KTutu~ AT LOW RECOIL

e We look at BT —puukK for
My > My (25)

X Something odd at
4.2 GeV/c?

o A free fit gives
m = 4191 ig and
r=65+22

4180 4200 4220 4240 4260 o Could be ¥(4160) (note

Mass [MeV/c m— 41921/;( 7 fro)m( BES)

o Fit with Y(4260) is not as
good

— LHCD best fit W(4160) - Y (4260)

g

Width [MeV/c?]
[0}
O

Profile likelihood for mass and width
of a single resonance.

e Good agreement of
1(4160) hypothesis with
free fit
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RESONANCE IN BT — KTutu~ AT LOW RECOIL

T

LHCb . data This is the first observation

............ totd 9 of BY - 1(4160)K and of

}réts%r:]grn?e%e i 1/1(4160) — L.
background

20% of the my,, > my,2s)
yield comes from resonant
and interference terms
This is much larger than
theoretical models.

50f......4..

Candidates/ (25 MeV/c?)
=
o
o

0"1 '.'th'_i-.'.'.:;.'-'---":"-‘ P, L * : -
380020002200 4200 4600
m,,- [Mev/c?

Fit with ¢(2S), ¥(4040) and v(4160) Theorists take cc
contributions into

account, but not their
resonant structure
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By-PrODUCT: BY —epu

@ Repeat the same analysis with ey final
states
@ A bit more tricky to get the mass
resolution right due to
Bremsstrahlung

o “Forbidden” in the SM
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By-PrODUCT: BY —epu

@ Repeat the same analysis with ey final
states

o “Forbidden” in the SM

@ Indeed we see nothing and set limits

(90%)

BR(B? — e*u¥) < 1.1x1078
BR(B? — e*u¥) < 28x107°

CL,=CLJCL,

6 . .
B(B° - e* i)
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By-PrODUCT: BY —epu

~ : @ Repeat the same analysis with ey final
2107 LHCb E
(] F B’ - eu)<28(37)x10°90O5%CL. ] StateS
OT b M, o(B° ~ & 7) > 135 (126) Tev/c? i ] ]
2l | e "Forbidden” in the SM
it 1 o Indeed we see nothing and set limits
w0 7 (90%)
5‘0 160 1“’)0 260 2‘507 —
My @ - ) [Tevicd BR(B? — e*u¥) < 1.1x1078

BR(B? — e*u¥) < 28x107°

b — @ In the context of the Pati-Salam

leptoquark model, this can be

converted to a limit on leptoquark

MAaSSES [Phys.Rev. D10 (1974) 275-289]

<4 ct =» Limits of 101 an 135 TeV for LQ
coupling to (bseu) and (bdep),
respectively.
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[LHCb-PAPER-2014-007, arXiv:1403.8045]

ANGULAR ANALYSIS OF B— Ku™pu~

)
g

e Select Bt — KT putpu~ and

B K£M+M_ decays with %’ 40 (8 1L1<q2<6.0 Gev¥c* LHCh
KO — mta— =
S — 300
8 20
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'g 100
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600

5400 5
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ANGULAR ANALYSIS OF B— Ku™pu~

e Select Bt — KT putpu~ and
B® — Kou* pu~ decays with
KO — ntm—

o Look at angular distribution of 6,

N
8

(8) 11< g2<6.0 Gev¥ct

Candidates/ 0.1

e ¢ and fx are not defined, as
there are only 3 particles
= No P

30f (€) 11<2<6.0 Gev¥ct LHCb

Candidates/ 0.1

0 0.2 0.4 0.6 0.8 1
[cos 8]
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ANGULAR ANALYSIS OF B— Ku™pu~

e Select Bt — KT putpu~ and
B® — Kou* pu~ decays with
KO — ntm—
o Look at angular distribution of 6,
e ¢ and fx are not defined, as
there are only 3 particles
= No P
e BY— KtuTpu~: fit Apg and Fy
(fraction of non-vector amplitudes)
in1.1 < g° <6 GeV2c™* (top) and
15 < g% < 22 GeV2c* (bottom)
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ANGULAR ANALYSIS OF B— Ku™pu~

e Select Bt — KT putpu~ and
B® — Kou* pu~ decays with

Ko L b

o Look at angular distribution of 6, ==t
e ¢ and fx are not defined, as !
there are only 3 particles . ]
= No P, Eli 03 5 ) 5 P

o Bt— K+M+M_I fit Apg and Fy @ [GevicT

e Get projections versus g2

LHCb

0 5 10 15

20
?[GeVv3cd
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ANGULAR ANALYSIS OF B— Ku™pu~

e Select Bt — KT putpu~ and

wo1sk
B® — Kou* pu~ decays with ! ]
KO — ntm— L 1
e Look at angular distribution of 6, T
e ¢ and fx are not defined, as 05; 7
there are only 3 particles TL‘__ ]
= No Pg % 5 0 15 20
g2 [GevZcd]

e BY— KtuTpu~: fit Apg and Fy
e Get projections versus g2

o Same for B — K%yt~ except
only Fy can be determined.

o Everything very SM-like
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