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B Physics Experlments

>BaBr, Blle, DO, and CDF squeezing out the last #
physics off their datasets

> LHCDb (+ATLAS and CMS) now dominating the scene...
> ... while Belle II is preparing for data taking!
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Competition and Complementarity

In the next years LHCb and Belle II will fiercely compete in some
areas ... in others, they will exploit their own strengths;

« LHCb:
> Very high b-quark cross section (B°, B*, B, B, A , ...);

> Unbeatable in rare decays to charged final state particles;

> Large boost, long flight lengths — can exploit it for
kinematical constraints;

« Belle II:

> Coherent BB production from Y(4s) decays;

> Very clean environment, great efficiency in final states with
neutrals (7°, n", o, ...);

> Possibility to do energy scans above/below thresholds.
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The Way to New Physics

B decays offer unique opportunities to test the Standard Model,
we can indirectly probe the existence of New Physics particles at
masses well above the direct production capabilities of the LHC;

Focus on the observables with theoretically clean predictions;

Several tensions observed in the past have disappeared, some
are still there;

Hopefully we will get a glaring
discrepancy, but New Physics could
also manifest itself in a coherent
pattern of small deviations...

So, let's not leave any stone unturned!

And also, let's not forget to improve the precision on our
reference modes, where New Physics is not expected to enter.
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Outline

A personal selection of “hot” topics in B Physics (and apologies if 1
am not covering your favorite modes):

 Rare (leptonic) decays;

* Semileptonic decays;

. CP violation in BB mixing;

 Radiative penguins;

» Measurement of the CKM UT angles and ¢ ;

In many of these areas the LHC experiments and Belle II can play
complementary roles, so that a tight cooperation between the two
experiments will be essential.
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Rare decays: B i W

Very popular channels to indirectly detect New Physics;

Precise predictions from the SM:

BF (B, - uw'w ) = (3.65 + 0.23) x 10°
BF (B, - u'w) = (1.06 + 0.09) x 10

New Physics (e.g. SUSY, models

with additional Higgs's, ...) can
produce sizable shifts wrt SM:

15 | MSSM-LL i
I:. v
I :
Y I :
T 14 1
3
8 =
: =
L 5%
mx 05 | e
=
O
0.0 ' ' : —_ :
0 RSc 10 20 30 40 50
10° x BR(B; — ptp™)
March 14th 2016 A. Gaz
D. Straub,

CKM Workshop 2010

Limit (90% CL) or BF measurement

Bobeth et al.
PRL 112, 101801 (2014)
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Rare decays: B i W

* Combined CMS+LHCD analysis on CMS and LHCb Collaborations,
full Runl (7 and 8 TeV) dataset: Nature 522, 68 (2015)

CMS and LHCb (LHC run |)
T T

T T T T T T T T T T T T T T

BF(BS ﬁ M+l'l‘-) —_ (2084_-(()).g) X 10-9 (5'26) B :S::alandbackgroumd
50 EBE—);F_&'
B 5% — ww

BF(B, - u'n) =(3.977) x 10™ (3.20)

59 -=--=-- Semi-leptonic background

TTTIITTT [\Illll

— =— Peaking background
30

 Some tension with SM
predictions, mostly driven by
the B . This is particularly SRS W

20

Weighted candidates per 40 MeV/c?

[TTTT[TTTT]
IJIIII\\[IIII‘IIJIIII]I‘[\II'II

evident by the ratio: 5 R,

BF(B. - ' ,
Re Do B2 H W) _ g 14008

BF(B_- u'w) 3ol

‘||||I||z|||\|l|\|l\‘II!IIIIIIIHII‘\II
\‘IIIIIIIHIHIII\II\‘IIEIlIIIIII\II‘\II\_

P B P A o
6 7 8 9 0 0.2 04 0.6 0.8
B(BY— ptu) (1079)

SM prediction is: R = 0.0295 T§;§§§§ 3

(2.30 tension)

March 14th 2016 A. Gaz 7




Semileptonic Decays
IV | and IV | are fundamental inputs for the CKM fit;

Semileptonic B decays allow for their extraction at tree level,
their determination is crucial for New Physics searches;

Tremendous progress in the last decade:

PDG 2014: | Vb |

Inclusive: (42.2 +0.7)x 107
Exclusive: (39.5 £ 0.8) x 1073

|'Vub |

(4.41 £0.21)x 107
(3.28 £0.29) x 10°

Erroron IV | <2%,0on IV | ~5-9%;

... but the FNAL/MILC collaboration now obtains ~4% error on the

exclusive determination of [V [ from BaBar + Belle...
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Great improvement on the errors, but ~3c tension between
inclusive and exclusive determinations of both chbl and qubl :

LHCD entered the game with A = A/puv ().
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Semileptonic Decays
LHCD determined IV _1/1V_ | by measuring the ratio:

2 0 -5
|Vl _ B(A,—puv,) R Ratio of form factors, provided by LQCD
Vo2 BAL— At v, ) W. Detmold et al., PRD 92 034503 (2015)

Exploit the copious A production at LHC and the excellent
vertexing and PID of LHCDb to reconstruct the two channels;

LQCD predictions are reliable in the high g® part of spectrum:
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Semileptonic Decays

Result: .
| V| =(3.274+0.154:0.16 £0.06) x 10~
el A X
experimental FF LQCD uncertainty
prediction from |Vcb|
The presence of right- .
handed (V+A) currents ] B nclosive
could explain the T B ey
discrepancy between ; = o ‘;(LHCb)
inclusive and exclusive %
determinations; R
The Ab result from LHCDb

strongly disfavors this
hypothesis.
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B -» D%1v

One of the hot topics of the moment, potential charged Higgs-like
particles can cant effects;

Measure: oy _ (B = DWrty,)
R(DY) = l=e,
F(B — DI )f+l/g)

Clean predictions from SM, most uncertainties cancel in the
ratio: R(D)

= 0.297 +0.017 PRD 78, 014003 (2008)
R(D*) = 0.252 4+ 0.003 PRD 85, 094025 (2012)
BaBar saw a 3.4c discrepancy EﬁZﬁ:‘y"‘e"‘

a few years ago;

Type II 2HDM almost ruled out
by this result.

More about potential New Physics s . . . .
. ' 0 0.2 0.4 0.6 0.8 il
effects in M. Tanaka's talk tomorrow vang /s (GEV—1)
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B - D%tv

* In the last year, Belle and LHCb measured the same quantities:

|
. LHCDb performs a template fit on
. the 3 kinematic variables:
i i 1
|
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R(D) = 0.375+0.064 £0.026 ~1.4c )
| —
R(D*) = 0.293+0.038+0015 ~1.86 1 R(D*) = 0.336 £0.027 £ 0.030 ~2.10
Belle Collaboration, Still tension with SM LHCb Collaboration,
PRD 92, 072014 (2015) PRL 115, 111803 (2015)
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s
B - D"tv
e New Belle result on R(D") for B » D" t*v;

 Analysis performed on the recoil of B = D™7/*v mesons
(statistically independent from previous Belle analysis);

| |

<y u
[P Ty
Numerator in R(D™) Denominator in R(D™)
« Signal yield extracted by _ T e =
o [N a4 777 Normalization v
2D fit on NN output g |M w0 a
. . . . O 102 thers #
(combining kinematic & =
. Z 10} 2
variables) and extra 2 g
g 1 0
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energy EE oL ki .. [GeV]

R(D*) = 0.302 + 0.030 + 0.011 1.66 above SM
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B - DYtv : Outlook

* Global significance of the
discrepancy at the 3.9c level,

« Belle II eagerly awaited to
confirm/disprove the excess, but

in the meantime:

> LHCb can improve the
precision, and can also look at

A = ATv;
b ¢
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> Belle can squeeze out some more from its dataset, e.g. looking
at 1T polarization in hadronic decays;

See S. Hirose's
poster later today

- It will also be interesting to measure the inclusive B » X tv:

experimentally very challenging.
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CP violation in BB mixing

 Some formalism of BB oscillations:

Time evolution of a B’B° system Z%( ;gggg; ) _ (M— %F) ( ﬁgggi )

Mass eigenstates

’BH L> — L( ’BO> T q’B())) If IQ/p’ 7 1 the probability for a B

\/§ to oscillate to a B° is different from the

probability of a B® going to B’
* Experimentally we measure: ) )
I'B—-B—f)-TI'(B—B—=f) q
ASL = = — — 21— |=
I'B—-B—=f)+I'(B—B—f) p

The Standard Model predicts tiny CP violation in mixing:
A% ;= (_4_1 1 0_6) x 1074 Experimental precision ~107,
s.o= ( 1.94+0.3) x 10~ still room for surprises...

A. Lenz, arXiv 1205.1444 [hep-ph]
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CP violation in BB mixing

Different strategies to measure A :

1) Tag two B”'s (at B-factories and DO):

Tiﬂie .itr.ltegrated, co A (ﬁ—i_ €+) (f - ) ... can also use
exploiting symmetry in [ I*K* pairs!
production of B’ and B’ (€+ €+) + N (6 €= ) o

2) Untagged measurement (at LHCb):

Time dependent, _
complications from the N(B? t) o N(l?, t) _ ASL B cos AMt
asymmetric production N (B,t) + N(B,t) 2 cosh %

at a pp collider
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CP violation in BB mixing

From PRL 114, 081801 (2015)

« Experimental status:

Isz —1 contours Bt
Al -
St 0.00L—4
BaBar (/]): (-0.39 £ 0.35 + 0.19)% B 5
BaBar (D*lv):  (0.06 +0.17 + 0.35)% Tf N
DO (DuX): (0.68+0.45+0.14)% o —0.01F [
LHCb (DuX): (0.02+£0.19+£0.30)% =) S«%
S 5
AS = LI
SL’ _0'02'3 BABAR #£ (2014) —m—1
: ) LHCb D)X (2014) ———
DO (DSyX). (-1.12+£0.74 £ 0.17)% ] DB Dx
LHCb (D 4iX):  (-0.06 + 0.50 + 0.36)% o003l BABAR D% — &
s BABAR ¢/ (old) A
Belle ¢¢: A
2002 -001 __ 0.00 0.01

Ace(B’) = A"
 The next years will be quite interesting: still quite a bit of

margin for improvement (many systematics depend on statistics

of control samples).
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Electroweak Penguins

¢ummm

l+

C7: elct

Sensitive to the:

romagnetic penguin

Cg: vector electroweak

CIO: axial-vector electroweak

Wilson Coefficients

» Very suppressed in the SM (BF ~ 10°);

* Many observables and often very precise predictions from theory;

_ Belle, PRL 103 171801 (2009) —e-HCb Theory === Binned theory
] (d) o |LHCD (a)
B 77—t CDF.PRL107 161801 (2011) Fosl | _
----------- <u- ; %AFB(&%;_) K’“u*u‘)
“0-5 | HCb, PRL 108 181806 (2012) e i B i AT
: : .Y [ Esm
i 0 5 10 15 o5 H<SM>
: ol - — !
| LHC turn-on A o
. ! 92 (GeV?/c?) L —i-i fis
—0.2;_ RS e 1Bl o
-0.4F ’*»“ g
060246 T8 10 12 14 16 18 20

q° (GeV?)
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Electroweak Penguins: P’

e Angular analysis of B » K

*0, , +

Tty

 Many observables investigated, can cancel the leading

uncertainty on hadronic 3 -

form factor by defining
“optimised” observables:

* Interesting discrepancy
1S observed in P'5;

(full definitions of observables in backup)

_1:_

21

- LHCb Collaboration, .
2k JHEP 1602, 104 (2016) —

x LHCb ]
= SM from DHMV —

r 1DHMV:
0?*—}—_{_ JJHEP 1412,
- —— N 1125 (2014)

N —

0 5 10

—
g? [GeV?/c4]

* Global fit to complete set of observables gives a 3.46 tension with
SM: New Physics or hadronic effects larger than expected?

 While the experiments improve the precision, input from theory

1S essential.
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Electroweak Penguins: LUV?

Tests of Lepton Universality in b — s/*/” decays can reveal the
presence of Higgs-like particles;
» LHCb measured the ratio R,_in B* = K'["[":

f%nax B+_)K+/’£+ﬂ ]d 2
Dmin

Ry =

~ 1 (modulo tiny corrections
Gax dF[B+—>K+e+e‘]d 2 ( y )
Toin dq* 9

Challenging analysis, need to correct for Bremstrahlung;
¢ In1<q®<6 GeV>:

10°

Ry = 0.745700% (stat) + 0.036(syst)

10?

¢* [GeV7/c4]

 2.60 tension wrt
expectation: this needs

0480 5000 5200 5;400 ) 5600 z - - ' : 1
confirmation! ) DV

m(K*ete”) [MeV/c?]

LHCb Collaboration,

PRL 113, 151601 (2014)
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Electroweak Penguins: Outlook

 Quite a few channels where LHCb will improve a lot in the next
couple years:

> B-onl'l; Keep refining precision on differential BF's,
> B -0, CP asymmetries, angular observables,

° Lepton Universality...
> Ab - A 'l P Y

2>

e ... and quite a few more where we need to wait for Belle II:

> B —» K 1*1; current limit ~2 orders of magnitude above predictions

> BoK"vv > ] might see a signal with full dataset
> B -y, but it is crucial to control the machine backgrounds

> (semi-)inclusive b = d/s v;
> Time dependent CPV in B’ - Ksnoy, B - py;
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The Angles of the UT

* One of the main goals of the B-factories: still a lot to do!

0.7

....... !_ T T T ] T T T ] T T T T T T T T T T T

‘/%d‘/;g e :_; 2 EF':E 15 _:
a= ¢y = arg|— - E;} :
VUdVUb s :_E EII”EB sl we'poa 3 <0 _:
‘/vcdvﬂl; - :__i y faxol alCL = 0= _:
B=¢; = arg|— e EE (4 =
¢ S Vv [T ek ; -
Vudv*b] 02 E— 5 —E
Y=¢3 = arg |~y 3 -
‘/Cd‘/;[; 0.1 :-_ ._:
E o ] | Ir | | ] ﬁ ] E
0.4 -2 0.0 0.2 0.4 0.6 0.8 1.0

> ¢ /B: now well into the precision era; P

> ¢ /o: larger theoretical and experimental uncertainties, will need

to combine several modes;
> ¢ /y: measured through tree level amplitudes: crucial input for

the CKM fit.
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¢ /B from charmonium K"

(@)

‘2-400 il . A
3 . 250}
£ 200 ; ] s
: i ,..x\i” A %2005 B 0.4:' ST TR, CONNT: TN 2T T T
- f ) S LHCh :
o = f i E 0.2 ;_ —
<:%—0.2: ; 50;_ ? 0.1 - /\_
“ 04 : . : of = (1 ABE L L S
2 300 F ' T £ 06k = OF
: 2N : £ oo g O WA
?200 ' : . E 0.45— — —0.1 = 3
£ 100 AN n - < o'ii_ Eo —0.2 z— =
:‘b 04 L ettt _: 0.2 i ;_ E
?’ﬁ | i A e o A - e
g -02F W = 6 -4-20 2 4 6 6 -4-20 2 4 6 t (ps)
= -04F ‘ ‘ . = At (ps) At (ps)
5 0 L &

BaBar Collaboration Belle Collaboration LHCb Collaboration

PRD 79, 072009 (2009) PRL 108, 171802 (2012) PRL 115, 031601 (2015)

¥ = 0.687 = 0.028 £ 0.012 B = 0.667 £0.023 £0.012 a = 0.731 £ 0.035 £ 0.020
O=—=A4 = 0.024 £+ 0.020 £+ 0.016 C=—A = -—0.0064+0.016 £+ 0.012 C=—-A = -0.038 £+0.032 £+ 0.005

So far we assumed that penguin pollution played a negligible role
in these measurements: we cannot afford this luxury any longer...
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¢ /B — Penguin Pollution

 Penguin diagrams carrying
different weak phases
contribute to these decays
and can shift the measured

KO

value of the phase by as see e.g. . d
o K. De Bruyn, R. Fleisher
much as 1° JHEP 1503, 145 (2015)

 Those contributions cannot be reliably computed by QCD;

 Need a coherent plan to constrain these effects experimentally,
measuring weak phases of SU(3) or U-spin related decays:

B - J/\V KO B - J/\V 7-50, B - J/W KO Recent measurements from LHCb:
d d CF JHEP 1506, 131 (2015)
B = J/yo B -»J/iyK °, B - dJly P’ PLB 742, 38 (2015)

o Already got useful constraints, but need more precision;
« Strong interplay between LHCb and Belle II!
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¢0./B from Gluonic Penguins
sm(2[3 )—sm(wiff)%

Measuring ¢ /p on modes dominated by . —

gluonic penguins allows for the detection f%fﬁ;fEéffi;;?:ﬁﬁfﬁﬁﬁﬁffﬁfﬁi?ﬁﬁﬁﬁfffi%'_fﬁfﬁfg% EEE §§§f
Of NP effects; °¥§§g:§:§§§e ﬂ ;g % ..
Despite the fact that now the averages
look more consistent with SM than 10
years ago, this remains one of the best .::iij;%ii:ﬁ%igiiiiﬁjjjj:::j:::::_i:::::"5::::5::::7:::f::_:;:f:f%-“?*?%ﬁiéiéﬁié‘fij_
places to look for NP; BT ST = — .
As with the charmonium modes, it will be |z % B I

crucial to measure SU(3) related modes, to
evaluate the impact of amplitudes carrying the “wrong” phase;

On most channels Belle II will have best sensitivity and will be

statistics limited. evaluation of the sensitivity of Belle 1l in realistic MC

simulation ongoing, to be included in the B2TiP report
at the end of the year
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¢ at the LHC

* The “classic” Unitarity Triangle does not tell the whole story:

(])S = -0.098 + 0.084 + 0.040
ATLAS Collaboration,

arxXiv 1601.03297, submitted to JHEP
q>s =-0.075 £ 0.097 £ 0.031
CMS Collaboration,

arXiv 1507.07527, submitted to PLB

¢_=-0.058 £ 0.049 + 0.006

LHCb Collaboration,
PRL 114, 041801 (2015)

0.14}

e 0.12}
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68% CL contours |
(Alog L =1.15) |

DO 8 fio~!

CDF 9.6fb"

ATLAS 192 fb~!

—04 02 0.0 0.2

* No sign of discrepancy wrt SM... still quite some margin for
improvement, given that the measurements are still statistics

limited.
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0./y status

 Methods exploiting the interference GLW - Phys. Lett. B253, 483 (1991)
*) ADS - Phys. Rev. D63, 036005 (2001)
between tree level B - DK GGSZ - Phys. Rev. D68, 054018 (2003)

amplitudes pioneered at the B-factories:

favored w— 2
b
B—O VCb O D)
U

LHCDb is now dominating the scene:

~11° uncertainty from
the B-factories

e PR ]

B decay D decay lumi type Q 1'2:__r0bust iﬁcludlng £ B 79 9—|—9.2 o

B* - Dht D—hh 1fb~!  GLW/ADS ] v = (72.954%)
E LHCb 1

Bt 5 Dh* D> Krarn 1fb~! ADS

B* 5> DK% D—K,Kn 3fb~! ADS

B* 5> DK% D — K.,hh 3t~ GGSZ

B s DK*® D —hh 3tb~! GLW/ADS
B - DFK* D-—hhh 1fh=* TD

N R
| o= sy

0 L i f L | S—

50 60 70 80 90 100 110
LHCb-CONF-2014-004 o
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IS

N T '02"03'
T modulo (2t/Amy) [ps]

¢0./y outlook

 LHCD also measures it from time dependent B_ = D "K" decays:

o
i

P S R T S S S |

TN ([ TN ST R T S T

LHCb

[

+

0.1

LHCb Collaboration,

JHEP 1411, 60 (2014)

TR S (S R T
0.2 0.3
T modulo (27t/Amy) [ps]

 Enormous progress expected in the
next decade, the competition

between LHCDb and Belle II will be

tight!
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0 /a status

- Can be extracted in a way conceptually similar to ¢ /B from B’ - 7,

B? = pp, but sizable penguin pollution requires isospin analysis (and

leads to ambiguities);

B - p'p

Belle Collaboration,
PRD 93 032010 (2016)

* Current precision ~8°;

Events/0.5 ps)

asymmetry

B R pOpO

~

o b
L160F *
© 140F

=120 E e 9

< + 0
—100F B

= 80

8

> 60
40
20

=

et o
600 800 1000
M(r), , [MeV/c?]

LHCb Collaboration,
PLB 747 468 (2015)

« LHCb will dominate on p°p°, Belle II on
pp-, p'p’. Expected precision ~3° from
both nw and pp by the end of Belle II.
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¢, /o from TD B® - n'n”

« Precision on ¢ /o from B - 7x is limited by small B° -» n'%’

branching ratio and the fact that we could not measure the S™
parameter;

« A TD analysis, exploiting photon conversion and Dalitz decays
can be attempted at Belle II (need high integrated luminosity
and clean environment!);

Ambiguity
reduced to 2-fold!

P. Vanhoefer,
B2TiP Fall 2014

L :

_§; e S 1 L 3 30 60 90 120 150 180
X / cm q)z()

F. Abudinen -1
B2TiP Fall 2015

. E ‘-.\\_. N o

» Estimate of the sensitivity with 50 ab™ currently in progress.
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Conclusions

B decays offer great opportunities to probe energy scales beyond
the direct production capabilities of the LHC!

A lot has been done in the recent past, still quite a bit of space
for New Physics to show up;

LHCDb and Belle II will be complementary in many areas: a
tighter cooperation between the two experiments (with theorists
also) is desirable;

While construction and commissioning is ongoing, Belle II is now
studying its expected sensitivity on the key channels;

B2TiP" report should be ready by the end of 2016;

> See S. Mishima's
A few exciting years are ahead of us! talk tomorrow

(*) Belle II Theory interface Platform
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March 14th 2016

Backup Slides

32



Rare decays: B i W

Other leptonic branching fractions:

BF (B, - ©'t") = (7.73 £ 0.49) x 107

N -8
BF (B, - 7't) = (2.22 + 0.19) x 10 Bobeth ot al
PRL 112, 101801 (2014)
BF (B, ~ e'e’) =(8.54 £ 0.55) x 10™*

BF (B, — e'e’) = (2.48 £ 0.21) x 10

CMS and LHCb (LHC run |}
T T T T | T T T T I T T T T

Likelihood scan for the ratio:
BF(B M wu)
BF(BS - uu)

g\ | SMand MFV

™

R: =014

—2AInL

I

(V]
c)Illllll‘lllllll

Illlllllllllllllllll

(e}

<
o

0.1 0.2 0.3 0.4
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Semileptonic Decays

« Exclusive qub | determination from B = w1 v data (BaBar +
Belle) from the FNAL/MILC Collaboration (2015):

V| = (3.72+£0.16) x 10 °

R — PDG 2014

Exclusive 3 arXiv:1501.05373
(B—rIV) * (RBC/UKQCD)

' —e—  arXiv:1503.07839
(FNAL/MILC)

%HCb A arXiv:1503.01421
(Ag—=>pUy) (RBC/UKQCD)

ey g g g g g g g s
0.003 0.0035 0.004 0.0045 0.005
IV, |

March 14th 2016

20
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Q
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o
x 10
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o
=
o
o
5
0
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PRD 92, 014024 (2015)

| | | |
Lattice N,=4 fit

BaBar untagged 6 bins (2011) —=—
Belle untagged 13 bins (2011) —%—
BaBar untagged 12 bins (2012) —©—
Belle tagged BY 13 bins (2013)
)
t

Belle tagged B~ 7 bins (2013) ¥
Lat.+all expt. combined N,=4 fit
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Semileptonic Decays

/ Corrected mass:
N\ 78, e '< 2 2
e w8 ~ M eorr = my, 7 —I_ p 1 —I_ p 1
2 > m, : visible mass of the hyu pair
Vu p, :transverse momentum wrt the A
W flight direction (which is determined
/ .
from the position of the decay vertex
X e .
uammee wrt the primary vertex)
A
'
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Semileptonic Decays

_“I Zub r = 0.083+0.004(exp) = 0.004(lattice)
V.,

— 7
PDG 2014 +

_ CKM fitter +
A,—puv (LHCb)

=)

n

IV, x 10’

36 38 40 42 "44'3
VI x 10
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Events/(0.25 GeV?)

B -» D%tv

200

100

100

R(D)exp = 0.440 £0.072 | |R(D*)cp = 0.332 £ 0.030
R(D)sm = 0.297 £ 0.017 | |R(D*)sn = 0.252 +0.003
2.00 2.70

50

Events/(100 MeV)

BaBar Collaboration,
PRD 88, 072012 (2013)
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Events

Events

[ B— D*ty E q
160~ B Dty 80 ol I @
C B— D*lv E Qo r
140F B Dlv 7oF & 0.9F R(D)
2 [ other BG E E \ theor. R(D @
ket BB D**ly el 0.8 X\ theor. R(D)
100F 2 50F - |l measured R(D) @
: : M b )
80F & 40f 0'75 %%#: theor. R(D*) @
s i ol 0.6 Bl measured R(D*)
s0f et g+ 20 0.5F §
: e :
20 10F 0.4
G2 |04 |06 0.8 8 6 g
M2, (GeVZ/c?) Ong’ -
0.2F
500f § - B
[ it 500F ii 0.1
400:_ ++++++.H‘++++ 4005_ + ' 00:| Ll IO{11 | Io'|2| | 55 | |0-|3| 11 |0-|4| | | |0-|5| 11 |0-|6| L |O‘|7| 11 IO-8
C 1 [ M 2
300k +++ 4 il s tanp/m_(c*%/GeV)
I ++_ 5300
C 2 oo
200F i+ - i i :
: # 200'_ 40 f_
100 100F = 3
mZ 04 06 08 6 2
M2 (GeVZ/c?) Oye
0.73_ SM
C W BaBar
06F- ® Belle 4 z
0.5 3
5 oek
& [ ok
03 <
c 4
0.2
0.1 E—
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p.(B")=—B_p (D'w) o
‘7’ m(D' )" Du
n'i'

e
I
ot . P: LHCb-TALK-2015-178
— R —
proton  “/!'  proton

g [ 20.08F 2 0.6F
— — | AN =
5019 5 \ 5]
5 20,06 \ g LHCb
g g 5 04f : :
Z 01 . 5 simulation
[ 0.04_— ;‘*" J
B R [
I - et 0.2+
0.05} 0.02 N - .
: : R N 24 approximate
- oS ‘\\
0 2%t %%Ye: ol SO ok B re St f rame
0 5 10 500 1000 1500 2000 2500 0 5 10
My (GeV/e?)® Epny (MeV/c?) ¢ (GeV/c2)?
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B -» D%1v

BaBar
0.440 £ 0.058 £ 0.042

Belle
0.375 £ 0.064 £ 0.026

Average

0.391 = 0.041 = 0.028

SM prediction

0.297 £ 0.017

BaBar
0.332 £0.024 £ 0.018

Belle
0.293 £ 0.038 £ 0.015

LHCb
0.336 £0.027 £ 0.030

Average
0.322 £0.018 £ 0.012

SM prediction
0.252 £ 0.003

HFAG HFAG
1 | 1 1 1 1 I 1
0.2 0.4 0.6 0.2
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R(D)

A. Gaz

0.3

0.4
R(D*)
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B - D%tv

2E]beamE’D"‘éJ — M% o MIQ)*E

cosblp.p+y =

2|198| - DD

SM prediction
PRD 85, 094035 (2012)
0.252 + 0.00
BABAR, had.-tag. [426 fb™'
0.332 + 0.024 +0.018 —— PRL 109, 1018 2[(2012) ]
+0.039 Belle, had.-tag [711 fb"
0.293 05, £0.015 —— PRD 92, 07201 (2015;]
LHCb, © — p v v [3.0 fb™]
] +0. +0. —— i
0.336 + 0.027 +0.030 PRL 115, 111803 (2015)
I i -1
0.302 + 0.030 +0.011 —— ! Belle, Se e gL 1]
ey P
1 2 2 1 n " 2 TJ. 2 ./gs;lgl=.u. M 2 | — ) 2 2
0 0.1 0.2 0.3 0.4 0.5 0.6

R(D*)

PRELIMINARY - from P. Goldenzweig @ Moriond EW 2016
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Electroweak Penguins

e Definitions of main observables:

dTB'S K% ] 9 2\ £ (G S e= [ ] ( (BT )
= . . i = (4 + [i = T
FpE dﬁ 397 ZZIz(q )fz(Q) ( ) / dq2 dq_2
d4f[BO—> K*OM—'—N_} = 0 & = . P e ]_ (d_r L d_F>
12 0 ~32n ;Ii(q 0 b Z)/ dg? ' dg?
2\. ~2 233
1(0°): g° dependent angular observables. Sl T
They are expressed as a combination of 6 9 g
decay amplitudes (3 transversity states X P=3 1 _F}Bw )
2 chirality states of the pu system) g ;
P3 —
1— F
Fr, = 51, = ‘A%‘Q i ‘A(P){‘Q | S4L5)8
AG A+ [AGT A+ A - LA 4 AL+ LA Pss =m0
St
Bl =
R
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Electroweak Penguins: A

vAFB(QéHUq

March 14th 2016

2

max

)_

FB

f T dq? f d cos B sgn(cos f) —— T d dcosa

fqmaxdqf d cos —LL—

dq?dcosf

0 : angle between the I (1)
momentum and the B (B)
momentum in the [*]" rest frame

A. Gaz
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0./y determinations

Decay amplitudes:

A(B+) _ -(DOK-I-) 1 ,,,.be-l—’i’y-l—i{?b(DOK_F)_

Strong phase (measured from

\tlie data) stays the same

A(B™) = [(D°K™) +rye TV H0(DOKH)

Weak phase changes sign
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¢0./y: ADS method

* Select events where the (anti)D? from the favored amplitude decays to a
DCS final state (and the (anti)D? from the suppressed amplitude decays to
the same Cabibbo favored final state):

Bt — DKt D' K—rt
B~ — (l_))OK_, D' Ktr~

e We define the two observables...

» _ I(B™ = [KTr7|pK*")+ (BT — [K nT|pK*™
ADS = T(B= =K nt|pK ) +T(BT = [KTn | pK*
1 ['(B™ — [KTr~|pK*") =T(BT — [K~nT]pK*T
ADS = — ——
...related to y: [(B™ = [Ktr~]pK*7) + (BT — [K-7t[pK*+
Raps = 15+ 1%+ 2rprgcos(dg + 0p) cosy T
P T ADY - K-r)

Aips = 2rprp SiH(éB -+ 6D) Sin’y/RAps.

5D . strong phase difference between the

above amplitudes (provided by CLEO)
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¢0./y : GLW method

Both D% and D¢ decay to the same CP eigenstate;

The four (only three independent) GLW observables are:

[(B™ — DY K* )+ (BT — D, K*)
(B~ — D% _K*=)+T(B*+ — D% _K*)
(B~ = D= K*™) =T(B" - DY, K*)
Acpt =
)+ T'(B+ — DY . K*t)

Repr = 2

CP*

They are sensitive to g through:
Reps = 1+ fr% + 2rp cosdp cosy
Acpy = £2rpsindpsiny/Reop+

no need of external inputs

March 14th 2016 A. Gaz
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0./ : GGSZ method

« Dalitz plot analysis: exploit the variation of the strong phase
across the DP to increase sensitivity on ¥;

o °f D°> K r'nw Tisl 4 - Do KKK
o P I {;.:;'._:_- i N
S S o \
8 8 16
~— 2 S | I\,'- i : \
m+ mo F 7
- 140 N
1 . 1.2 7 \ = h
I = ..:_\\.
.-I.jl 10

I1I‘H2|II 3 1HI1.2H|1.4I ‘1.6”1.8‘
s. (GeV?/c?) s, (GeV?¥/c?)

]_“g:)(s_, sy) o< |Ax]* + ?"g) Q\Ai\2 + 2)\z$)A¢Ai

2 = (1) 16 F )
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0/y:fromTDB - D "K"

T
5 - —73 b ——— . s
| | | |
| |
i o ow e -
! ! ST B
b - - - <} & 5 ey =} U
u &
Vcbx%sz)\?’ K~ V;be‘/cs’\’)\g D;

dFBO—U“(t) 1 2 A
B 2 AR+ A g[R)e T
¥ 2! P4 Ar%)e

+ Cy cos (Amgt) — Sy sin (Amyt) }

2

wl

ALk AT . Al t
[COSh( 5 >—|—Af smh( 5 )

AT ) 1 AT, AT ¢
Bgd—?f() - §\Af\2 g (1+ [AfP)e T [cosh ( 5 ) + A7" sinh ( > >
— Crcos (Amgt) + Sysin (Amst)}
O — S
! 1475k
AAF 27[) K COS( ( i 265)) Aér _ _QTDSK COS((S - (’)/ = 2,85))
! L <t TD K ! L T%SK
2rp,r sin(d — (v — 28s)) _ —2rpik sin(d + (v — 26s))
Sf= S7 = i
1+ TDSK l+7pk
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