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Why rare decays?

¢ In SM allows only the charged interactions to change flavour.

o Other interactions are flavour conserving. G

e One can escape this constrain and produce b — s and i

b — d at loop level. <qi

o This kind of processes are suppressed in SM — Rare decays.

4
o New Physics can enter in the loops. W=
7
b t 5
~ X n Gi
W N’/y\/\<
v H
”_ i
i
R : ’g‘@‘~<
N
H N
a i
P
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Tools

e Operator Product Expansion and Effective Field Theory

i=12 Tree
i=3-6,8 Gluon penguin
4Gf 1% ’ , i=7 Photon penguin
Heff == \/5 4% Z Ci(N)Oi (M) +C; (M)Oi(ﬂ) ) i=9.10 EW penguin
! left-handed right-handed =5 Scalar penguin

i=P  Pseudoscalar per

where C; are the Wilson coefficients and O; are the corresponding
effective operators.

b— sy b— st BPS)—> putp™
w - V’!’z : 5 . w
b—l—{—s /7 o ” . W gy
t ut — W w
o) cp.cp.cly | ev.ep.cf
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LHCb detector - tracking

e Excellent Impact Parameter (IP) resolution (20 pm).

= |dentify secondary vertices from heavy flavour decays
e Proper time resolution ~ 40 fs.

= Good separation of primary and secondary vertices.

e Excellent momentum (dp/p ~ 0.4 — 0.6%) and inv. mass resolution.
= Low combinatorial background.

Marcin Chrzaszcz (Universitat Zirich, IF) PAN) Electroweak penguin measurements



LHCb detector - particle identification

AL, HCAL
ECAL Ms
SPD/PS v M
Magnet RICH2 M1

Cherenkov Angle (rads)

10°
Momentum (GeVi/c)

e Excellent Muon identification €, ., ~ 97%, €z, ~ 1 — 3%
¢ Good K — 7 separation via RICH detectors, ex i ~ 95%,
exrmi ~ 5%.
= Reject peaking backgrounds.
e High trigger efficiencies, low momentum thresholds. Muons:
pr > 1.76GeV at LO, pr > 1.0GeV at HLT1,
B — J/pX: Trigger ~ 90%.

4
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Recent measurements

= Branching fractions:
B%* — K%, LHCb, Mar 14

BY — K*u~pt  CMS, Jul 15 = Lepton Universality:

BY — ¢p~pt  LHCb, Jun 15 BT — K*/¢/ LHCb, Jun 14
B* — wtp ™ LHCb, Sep 15 = Angular:

A, — Ap~pt LHCb, Mar 15 BY — K*¢{  LHCb,Jan 15
B — 't CMS+LHCb, Jun15 B — K**(/ BaBar, Aug 15
= CP asymmetry: BY — ¢ff  LHCb, Jun 15
B* — ntp~pt  LHCb, Sep 15 A, — Ap~pt LHCb, Mar 15

= Isospin asymmetry:
B— Kuput LHCb, Mar 14
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Recent measurements

= Branching fractions:

B%* — K%¥p~p* LHCb, Mar 14 = Lepton Universality:

BY — K*u~pt CMS, Jul 15 BY — K*(7 LHCb, Jun 14
BY — ¢u~pt  LHCb, Jun 15 = Angular:

B* — wtp ™ LHCb, Sep 15 BY — K*¢f  LHCb, Jan 15
A, — Ap~p™ LHCb, Mar 15 B* — K**/(l BaBar, Aug 15
B — p "t CMS+LHCb, Jun 15 BY — ¢f¢  LHCb, Jun 15
= CP asymmetry: A, — Ap~p™ LHCb, Mar 15

B* — ntp~pt  LHCb, Sep 15
= Isospin asymmetry: > 2 o deviations from SM

B — Ku~p™  LHCb, Mar 14
B
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B’ — K*u~p* kinematics

= The kinematics of B® — K*1~u* decay is described by three angles
0;, 0%, ¢ and invariant mass of the dimuon system (¢?).

= cos 0 the angle between the
direction of the kaon in the K*
(K*) rest frame and the direction
of the K* (K*) in the B° (BY) rest

frame.

= cos 0;: the angle between the @ o
>t -

direction of the p~ (u™) in the
dimuon rest frame and the
direction of the dimuon in the B°
(BY) rest frame.

= ¢: the angle between the plane
containing the 1~ and u* and the
plane containing the kaon and pion
from the K™.
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B’ — K*u~p* kinematics

= The kinematics of B — K*u~ ™ decay is described by three angles
0;, O, ¢ and invariant mass of the dimuon system (¢?).

a1 9 | Jiesin® 05 + 7 20K + (Jogsin® 0y + J 2 05) cos 20
- 0 = = sin cos sin cos cos
dq? dcos 0 i dcos 0; doé 327 1s K te K 2s K 2e K !

+J3 sin? 0K sin? 6; cos2¢ + Jy sin 20 ¢ sin 26; cos ¢ + J5 sin 20 i sin 0 cos ¢

+(J6s sin? O + Jee cos? O ) cos O + J7sin 20 sin 6; sin ¢ + Jg sin 20 i sin 26; sin ¢

+Jg sin? 0 sin? ) sin 24 ,

= This is the most general expression of this kind of decay.
= The CP averaged angular observables are defined:

Ji + j@
(dl" + dlt‘)/dq2

i =
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Transversity amplitudes

= One can link the angular observables to transversity amplitudes

J1s

Jo2s

J3

Js

J6s

J7

Jg

Marcin Chrzaszcz (Universitat Zirich, IF) PAN)

4m

(2+87)
4

2
L2 L2 R |2 R 2 £ L 4R L 4R
[lAL 2 +14f 2 41472 +14f17] + 3 Re (Ah AT ¢ afaly

am?
AG 17414817 + 55 [l + 2Re(af AT D] + 67 1417,

ﬂZ
L 1AL 4 1A 2 1Al 41407 e = =67 [1A§ 17 +14517]
1 2 L2 L2 R2 R 2 1 9 L ,L* R ,R*
=67 AL 1P 1A P+ 1aR P - 1af1P] . ga = =282 [Re(af AfT + AT AR,
2 V2
L 4L R ,R* s L 4% R*
V26, [Re(AO Al —afal") - T Re(afas + 4] As)] .
/e
me
26, [Re(Aﬁ’Aﬁ* - altal” ] , Joe = 48, Re(Af A% + A8 Ag),
qZ
L,L R AR mpe L R
V28, [Im(AOAH " ARARY) + tm(AY A7 — AJ_*AS))] /
Ve
1
\/—555 [tm(afal ™ +afal")] Jo = 87 [1m(a} Al + A" AD)]
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Link to effective operators

= So here is where the magic happens. At leading order the amplitudes
can be written as:

AR = VaNmp(1-8) [(cs“ +¢cg™) F (Cro+Clp) + —(ci“ + c:“’ﬁ €1 (Bgx)
APt = VANmp(1 - 9) [(cs“ C5™) F (Cro — Clo) + ot c5 — cs“’)} €1 (Bex)
3
Nmp(1l — §)?
abr o _NmeU-97 [(cs“ 5™ F (Cro — Cho) + 2y (S — cs“ﬁ] € (Bge),
2 e x V3

where § = ¢>/m%, 1h; = m;/mp. The €|, are the form factors.

Marcin Chrzaszcz (Universitat Zirich, IF) PAN) Electroweak penguin measurements



Link to effective operators

= So here is where the magic happens. At leading order the amplitudes
can be written as:

2m
ADPR = VaNmp(1 -9 [(cs“ +¢5) F (Cro + o) + 2 (€5 ¢ c:“’ﬂ €1 (Byex)

27
| —V2Nmp(1 - 4) [(cs“ =5 F (€10 — o) + 2 (CF — c:“’)} €L (Bgc)

_ 52
AR Nmsl= 97 [(cs“ — €8 F (Cro — Clo) + 2rip (€ — cs“ﬁ] €1 (Egn),
2mK>«\/g
where § = ¢>/m%, 1h; = m;/mp. The €|, are the form factors.
= Now we can construct observables that cancel the £ form factors at
leading order:

Pé: Js + J5

24/ —(J§ + J)(J§ + J3)
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Symmetries in B — K*upu

= We have 12 angular coefficients (S;).
= There exists 4 symmetry transformations that leave the angular
distributions non changed:

L L L
”H:(AH) "L:(Al) "0:(A0)
s Ry ) Rx) "
AR* 7AL* AO *
r_ Un, — oL 0 cosf —sin6 coshif  —sinhif .
At ) e YR sin 6 cos 6 — sinh i0 coshif | -

= Using this symmetries one can show that there are 8 independent
observables. The pdf can be wrote as:

1 d(r +T)
d(T' + T')/dg? dcosf; dcosfy, do

2
= 32% l:%(l — Fy,) sin” 0,
P 2 1 « 32
+ Fp, cos® 0 + 3 (1 — FL) sin” 0y, cos 20,
— Fr, cos? 0 cos20; + S3 sin? O sin? 0, cos2¢
+ S4 sin 260y, sin 26 cos ¢ + S5 sin 26y, sin 6; cos ¢
+ %AFB sin? 0}, cos 0; + S7 sin 20y sin 6; sin ¢

+ Sg sin 26 sin 26; sin ¢ 4 Sg sin? O sin? 0) sin 2¢] .
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LHCb update of the B" — K*p~ ™, Selection

20 E i '
LHCb_
preliminary

e | HCb-CONF-2015-002

e PID, kinematics and isolation
variables used in a Boosted
Decision Tree (BDT) to reject

- L

background. 0
e Reject the regions of J/i) and el
w (25) . . V . m(K.*n',u*u'} I[GeV/L‘i].

: 2011 + 2012 data
3fb" " dataset (mixed and randomised)

e Specific vetos for backgrounds:
A, — pKpp, B) — ppup, etc.

e Using k-Fold technique and
signal proxy B — J/i K* for
training the BDT.

e |Improved selection allowed for
finer binning than the 1fb~!
analysis.
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https://lhcb.web.cern.ch/lhcb/Physics-Results/LHCb-CONF-2015-002.pdf

LHCb update of the B" — K*p~ ™, Selection

e Signal modelled by a sum of two Crystal-Ball functions.

e Shape is defined using B — J/y) K* and corrected for ¢>
dependency.

e Combinatorial background modelled by exponent.

3 ' LHCb
e K system: z B Ko 1
s = %0 Ay =P By —uw; |
o Rel. Breit Wigner for P-wave b BO* K04y efc. ]
o Lass model for the S-wave. z 400 [feduceg to <2°/‘] of signal -]
. 13 treated as syst
o Linear model for background. 8 0
o Reduced the systematic
compared to previous analysis. 0’5200 5400 5600

m(K*mw utu’) [MeV/c?]
o In total we found 2398 + 57 candidates in the (0.1,19) GeV?
q? region.

e 624 £ 30 candidates in the theoretically the most interesting
(1.1 — 6.0) GeV? region.
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Detector acceptance

e Detector distorts our angular
distribution.

Efficiency

o We need to model this effect. "-5: f

e 4D function is used:

e(cos 0y, cos O, @, qz) =

Z cijiiPs(cos ) P;(cos 0y,) P(¢) Pi(¢?),
e

Efficiency

where P; is the Legendre polynomial of 0.1, 1.0] GeVZ/or™

order i. T [18.0, 19.0] GeVz/ct |
o We use up to 4" 5! 6" 5! order for [ maon
the COS 91, COS ek, QS, q2. o Y 0 05 1
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Control channel

e We tested our unfolding procedure on B — J/i K*.

e The result is in perfect agreement with other experiments and our
different analysis of this decay.

r
LHCb
preliminary

T
LHCb
preliminary

Events / 5.3 MeV/c?
2
gEvents élO Me\gL
8 g g
g 8 8

5400 5600 09 0.95
m(K* 7wt w) [MeV/e?) mK*7") [GeV/c?]

Events / 0.02
™
g

IS
<
S
§6000
5]

Events /0.02 7 rad
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BY — K*puu results

LHCb
0.8 preliminary

|
Il SM from ABSZ
0.6] —+—_+_

1
L

Ars

05_ T T T
! —+ -'J
I [

0 —=

f; ! ' LHCb

L preliminary

0.4]

= 1
02 . |

] Il SM from ABSZ
] -0.5 E

O 1 1 1 1 1
0 5 10 15 0 5 10 15
2 [GevZcd] 2 [GevZcd
Uj" T T T mﬂ‘ T T T
05 LHCb o5 LHCb
| preliminary

I preliminary

Il SM from ABSZ

s T

= -0.5

Il SM from ABSZ

15
P [GevZcd
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BY — K*puu results

U,f’ T
o3 LHCb ]
| preliminary
?i M SM fromABSZ |
c- | ]
T l ]
e =
05 -
0 5 10 15
2 [GevZcd]
Uj\ T T T
o5 LHCb
| preliminary
do T '
.05-_ -
0 5 10 15
P [GevZcd
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- LHCb
| preliminary
C+ s l ] ]
I _i_ [ _+_ T
_05-_ -
0 5 10 15
2 [GevZcd
o5 LHCb
| preliminary
[ L1 I
T
-0.5-— -
0 5 10 15
2 [GevZcs




Results in B — K*uu

0- Lol l T T T T T T T T T ML T T T ]
LHCb ]

05 preliminary _

SM from DHMV 7

o
(4}
LI e

L L 1|5 L L L
o? [GeVH Y]

o

e Tension with 3 fb~! gets confirmed!
e The two bins deviate both in 2.8 ¢ from SM prediction.

e Result compatible with previous result.
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Branching fraction measurements of B — K

EE]LCSR Lattice —e-Data
T T T

BN .CSR Lattice --Data
T T T

& T 73 & T E
> B Ko > B> Kty
Q. LHCb | 9 . LHCb
< | < ]
Q 3 Q ]
X 3 1 X 3 E
5 T b+ Tt ]
= E " R
3 t 13 .

m 1 1 1 1 . m 1 1 1 1

= 0 5 10 15 20 = % 5 10 15 20
¢ [GeVZc4] ¢ [GeV¥HcA]

20 -LCISR Lalntice -O-Dlata :
B*> Kty ]
15(3 LHCb -

e Despite large theoretical
errors the results are
consistently smaller then
SM prediction.

—_
=1
T T

W
T T

o
>
0]
Q
N
Q
X
?
o
=
(]
S
)
~
o)
<

=l
T
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Branching fraction measurements of BY — ¢puu

il

/)

O = N WA LI O

+

dB(B?—gup)/dg? [10°Ge V24

Suppressed by e
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- 5
LHCb ] %
i =
- L
g 2
NINY &
VA
i
M pred. E
S g -
*Dala(mde)—
L E =
15 53 5.4

¢ [GeV?/c4]

Recent LHCb measurement, JHEPPQ9 (2015) 179.

Cleaner because of narrow ¢ resonance.
3.3 o deviation in SM in the 1 — 6GeV? bin.

Angular part in agreement with SM (S5 is not accessible).
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55
m(K*K i) [GeVic?]



https://cds.cern.ch/record/2029820/files/JHEP09-179.pdf

Branching fraction measurements of Ay, — Auu

1.8 T T T T T T T T
1.6
1.4
12
1
0.8

SM prediction

*~ Data

1 R LHCb
1I5 2|0
g [GeV?¥ 4]

dB(A, — A p )/ dg? [107(GeV ety

o o 29
S SER-N

cobon o b b b b b b

=] IIII
w
—_
(=}

e This years LHCb measurement JHEP 06 (2015) 115.
e |n total ~ 300 candidates in data set.

e Decay not present in the low ¢>.

Marcin Chrzaszcz (Universitét Zarich, IF) PAN) Electroweak penguin measurements


http://arxiv.org/abs/1503.07138

Branching fraction measurements of Ay, — Auu

"LHCb
[4.0,6.0] GeV*/¢*

Candidtates per 30 MeV/c?
>

58‘00 6000
M(App) [MeV/c?]

Candidtates per 30 MeV/c?

LHCb
[18.0,20.0] GeV¥/c*

i
5800 6000

M(Apw) [MeV/c?]

e This years LHCb measurement JHEP 06 (2015) 115.
¢ |n total ~ 300 candidates in data set.

e Decay not present in the low ¢>.
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http://arxiv.org/abs/1503.07138

Angular analysis of Ay — Aup

e For the bins in which we have > 3 o significance the forward
backward asymmetry for the hadronic and leptonic system.

—————y ———— 3 g 1 —— 7 -
3 0.8
LHCb SM prediction 3 LHCb SM prediction
= Dua 41 o4

Hadronic asymmetry : 02

4
=
TR T

d
i

wlul
L 5 ¢
S

v
O
wl
S
v
)
O
N

o Al isin good agreement with SM.

o A always in above SM prediction.
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Lepton universality test

If Z'is responsible for the P anomaly, does
it couple equally to all flavours?

5 ——LHCb —*BaBar —Belle
T T

q°=6 Gev?/c* + + - 2\d g2
dB[BT — K dg®)d &~
2=1Gev?2/ch (dB[ wru~]/dg?)dq 14 0(10_3) ' LHCb

o /5 (AB[B — K+ete~]/dg?)dg? Lsf ]

R =

Challenging analysis due to bremsstrahlung. l } ! M
Migration of events modeled by MC. “F ]
Correct for bremsstrahlung. % 5 10 ER
Take double ratio with B+ — J/ K~ to e
cancel systematics. ® Phys. Rev. Lett. 113, 151601

In 3fb—!, LHCb measures (2014).
Ry = O.745f8:8?2(3tat.)f8:8§g(syst.)

Consistent with SM at 2.60.
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http://arxiv.org/abs/1406.6482

Angular analysis of B" — K*ce

e With the full data set (3fb—!) we performed angular analysis in
0.0004 < ¢?> < 1 GeV?, JHEP 04 (2015) 064.

e Electrons channels are extremely challenging experimentally:

o Bremsstrahlung.
o Trigger efficiencies.

e Determine the angular observables: Fy,, A(TQ), ARe, Alm,

oo | Ag|?
L= 2 2 2
|Aol? + [A)12 + |AL]

40 _ |AL? — |42

T AL+ 1412
2Re(A) LAY L + ArAT R)

ARe —
T |42 +]ALI?

Alm _ 2Im(A) LAY + A rALR)
5 |A) 12 +]ALI? ’
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Angular analysis of B" — K*ee

30 odel T
25
20
15

10

Candidates / (30 MeV/c?)

£ M R RS FEETE ST SRR

5200 5400
m(K'ree) MeVicd

e Results in full agreement with the SM.
e Similar strength on C; Wilson coefficient as from b — s+ decays.

Candidates / (0.2)
Candidates /(0.2)

Candidates / (0.1x rad)
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Theory implications

e A preliminary fit prepared by S. Descotes-Genon, L. Hofer,
J. Matias, J. Virto, presented in arXiv::1510.04239
e Took into the fit:

o B(B — X¢y) = (3.36 £ 0.23) x 10~%, Misiak et. al. 2015.

o B(B — ppu), theory: Bobeth et al 2013, experiment: LHCb+CMS
average (2015)

B(B — Xguu), Huber et al 2015

B(B — Kpu),Bouchard et al 2013, 2015

B,y — K*(¢)pp. Horgan et al 2013

B — Kee, B — K*ee and Ry.

O O O O
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http://arxiv.org/abs/1510.04239

Theory implications
e A preliminary fit prepared by S. Descotes-Genon, L. Hofer,
J. Matias, J. Virto, presented in arXiv::1510.04239
e The data can be explained by modifying the C Wilson coefficient.

e Overall there is around > 4. ¢ discrepancy wrt. SM.

3o, PN 1 3F
v \ | Branching Ratios | Branching Ratios

! Angular Observables (P;)
Al ] Al

Angular Observables (P) |

\
)

-2 -2
-3 il -3
-3 -2 0 1 2 3 -3 -2 -1 0 1 2 3
cy? cy?
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If not NP?

e We are not there yet!
e There might be something not taken into account in the theory.
e Resonances (J/i), 1(25)) tails can mimic NP effects.

e There might be some non factorizable QCD corrections.
" However, the central value of this effect would have to be
significantly larger than expected on the basis of existing
estimates” D.Straub, arXiv:1503.06199 .

- - b

T-T-T-T-T-1:741
f8000000
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http://arxiv.org/abs/1503.06199

If not NP?

e We are not there yet!
e There might be something not taken into account in the theory.
e Resonances (J/i), 1(25)) tails can mimic NP effects.

e There might be some non factorizable QCD corrections.
" However, the central value of this effect would have to be
significantly larger than expected on the basis of existing
estimates” D.Straub, arXiv:1503.06199 .

““““““““““

9 (GeV?)
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http://arxiv.org/abs/1503.06199

There is more!

e There is one other LUV decay recently measured by LHCb.

o R(D*) =

B(B — D*tv)

B(B — D*uv)

Clean SM prediction: R(D*) = 0.252(3), PRD 85 094025 (2012)
LHCb result: R(D*) = 0.336 4 0.027 £ 0.030, HFAG average:

R(D*) = 0.322 + 0.022

3.9 o discrepancy wrt. SM.

C T
F = BaBar, PRL109,101802(2012) A=1.0
- = Belle, arXiv:1507.03233

LHCb, arXiv:1506.08614

E = Average
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Conclusions

Clear tensions wrt. SM predictions!

Measurements cluster in the same direction.

e We are not opening the champagne yet!

Still need improvement both on theory and experimental side.

Time will tell if this is QCD+fluctuations or new Physics:
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Conclusions

Clear tensions wrt. SM predictions!

Measurements cluster in the same direction.

e We are not opening the champagne yet!

Still need improvement both on theory and experimental side.

Time will tell if this is QCD+fluctuations or new Physics:

"... when you have eliminated all the

Standard Model explanations, whatever remains,
however improbable, must be New Physics.”
prof. Joaquim Matias
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Thank you for the attention!

30 siides i 10
minutes... 1§ that
o Jore?,

1 hove no idea
what ERFCI stonds
for.. is it a.
Tatellite or a metric?

AL
really need to
make a dentist
appoLntment.

1 should coleulate
the r* value?
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Backup
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Theory implications

Coefficient Best fit 1o 30 Pullgy;  p-value (%)
o —0.02 [-0.04,—0.00] [-0.07,0.04] 1.1 16.0
cr —1.11 [-1.32,-0.89] [-1.71,-0.40] 4.5 62.0
oy 058 [0.34,084]  [-0.11,1.41] 25 25.0
[t 0.02  [-0.01,0.04]  [-0.05,0.09] 0.7 15.0
cyr 049 [0.21,0.77] [-0.33,1.35] 18 19.0
iy —0.27 [-0.46,—0.08]  [-0.84.0.28] 14 17.0
v =iy =021 [-0.40,0.00]  [-0.74,0.53] 1.0 16.0
P = —C}F —0.69 [-0.88,-0.51] [-1.27,-0.18] 4.1 55.0
cor =y —0.09 [-0.35,0.17]  [-0.88,0.66] 0.3 14.0
CoF = -Cly 020 [0.08,0.32] [~0.15,0.56] 17 19.0
CYF = —C}JF —1.00 [-1.28,—0.88] [-1.62,-0.42] 4.8 72.0
CNP — NP
Y op e =068 [-0.49,-049] [-1.36,-0.15] 39 50.0
==Cy ==Cly
CNP — NP
. —0.17  [-0.29,—0.06] [-0.54,0.18] 15 18.0
=C3F = =Cy

Table 2: Best-fit points, confidence intervals, pulls for the SM hypothesis and p-values for
different one-dimensional NP scenarios.
Marcin Chrzaszcz (Universitat Zirich, IF) PAN)
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If not NP?

e How about our clean P, observables?
e The QCD cancel as mentioned only at leading order.

e Comparison to normal observables with the optimised ones.
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