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THE Unitarity Triangle

circa 1995

There are 6 triangle relations but most have T T TR

very un-equal sides== large/small angles o - 3

== small CPV effects RN
_EXCEPT'!' ﬂ os ‘ _.

THE UT = Column 1 (d) * Column 3(b) os

E—
P anslaasst ™~
Unitarity condition: V..V, + V., V., +V,V, =0 o 5 ’
I X, P, PP
" | V30 Vo
"f,.,-"'.._.. V”_VH One of the main goals of B-Factories
AR o cb is to see if this triangle closes. . .if it
DK y B JAPKO, oKO doesn't, it would be sign of
' B physics beyond the Standard Model!
Kt
CKANEer Group (J. Charles ot al.), Eur. Physk.' C41, 1-131 (20085) [hep-ph/O406184)
updsied results and plols avaiabie ol hitp Vokrr@itter 203 It
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UT Angles Measurements = CPV

..measuring the angles of the UT requires measuring the phases between amplitudes

 measure time-dependent rates of B and B to the same
final state

r(B— r)-r(B—f)
r(B— f)+1T(B— f)

,\ln Ao A ’n\ Am  Ar

“,(A.f)-
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(quark) Flavor Factories

1975 1985 1995 2005 2015 2025
T — | | | | |

CLEO b (cftau™

BaBar asym. b

BELLE(-II) asym. b asym. b
BES-III  cltau
KLEO - phi(s)

LHCD hadron b

disclaimer: dates in the future are guesses

disclaimer: ...in the past may be loo
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Belle-l1l Detector (as example)

KL and muon detector:
Resistive Plate Counter (barrel)
“Sgintillator + WLSF + MPPC (end-caps)
——— . -

EM Calorimeter:
Csi(T1), waveform sampling (b

rt,iclo Identification

AL pagation counter (barrel)
electron (7GeV) : -- M Aerogel RICH (fwd)

Beryllium beam pipe
2cm diameter

Vertex Detector

positron (4GeV)

Central Drift Chamber
He(50%):CaHe(50%), Small cells,
lever arm, fast electronics
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Gen-I got a lot of data

— KEKB

43

- J

> 1 ab '

On resonance :
Y(5S): 121 b
Y(4S): 711 tb
Y(3S): 3 !
Y(2S): 25 '
Yi1s): 6 1b '
Off reson./scan:
100 b

513.7+ 1.8 b !
On resonance:

Y(4S): 424 th ', 471 M
Y(3S): 28 b 122 M
Y(2S5): 14 th 99 M
OIY resonance:

I8 b
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Asymmetric B-Factories

coherent BB
production

Exclusive
B meson reconstruction

e*e- B-Factories:
Typical error on At ~ 0.8 ps
The At resolution function obtained from high stat. B—DX

Events tagged using the charge of the leptons, kaons, pions
Effective tagging efficiency (including mistag-rate) ~30%
LHCbH:

Typical error on At ~ 0.05 ps
Effective tagging efficiency (including mistag-rate) ~5%
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sin28 from B°—(cc) K°

The “golden mode” for the
B-Factories was:

Bo/B°—J/W Ks°

_.\‘Il\ Am Ar ""\ Am  Ar
“gr sy G

S=sin23
C=0

J/W¥ is narrow — very clean final state
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BELLE, PRL, 108 (2012) 171802

Events /0.5 ps
{ oS§§§§

6 4

-2 0 2 4 6
At (ps)

J/WYW—p*u- or e*e” from B-decay vertex — precise At measurement
Ks®—T1r*11™ narrow & displaced from B-decay vertex — also very clean

=seventually more and more charmonium & K. ° final states were added to the measurement...plot above

has XXX final states included
TRISEP 2015
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Other measurements in the UT

e Tree-level:
¢ |Vl
e gamma: B°-»DK
e Mixing & CPV:
beta: B°—-»¢cK°® TD-CPV
alpha: B%—-1rmi/pmi/pp TD-CPV (and Isospin)
gamma: B°—-DK
Amg, Ams: lifetime measurements (hadron machines)
ex- Kaon CPV

A lot of work from a lot of different folks...
besides the experiments!
http://www.slac.stanford.edu/xorg/hfag/
http://ckmfitter.in2p3.1r/
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Where we are now...

= 0.15+0.01
0.34+0.01

- 3|0l
I

0.4

N . - - - .

o - l:: v v v g T r——
< Am, E

0.6 = La Trase 2009
B
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I feecl of C
)

0.3

...;1;Hlllilllllllilll._

‘0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

This is a triumph of the HEP community!

(on par with the Higgs IMO)
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How goes the CKM Paradigm?
Miiés = (l\/fii:_',s)s.\,q > (]. + ha. s 62iad'“)

p-value p-value

S8 p— 10 oS5 — - 10
| e e ] SRR J
e !o.. e !09
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Charles, Jéerome et al, Phys.Rev, D89 (2014) 3, 033016
arXiv:1309.2293 [hep-ph]

...nothing to see here...
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How goes the CKM Paradigm?
M;iés = (Affij:_',s)s.\{ > (]. + ha. s 62ia"'“)

p-value p-value
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Charles, Jerome et al. Phys.Rev. D89 (2014) 3, 033016
arXiv:1309.2293 [hep-ph]

...nothing to see here...
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UT in 20257

1.5 [ L B S
@ a0 area has CL = O 9% .{ %
: Stape |
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Charles, Jéréme et al. Phys.Rev. D89 (2014) 3, 033016
arXiv:1309.2293 [hep-ph]
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UT in 20257

1.5 ' T—T—TT]
l @ sohpthed area has CL = O 95 I .{ %
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Charles, Jéréme et al. Phys.Rev. D89 (2014) 3, 033016
arXiv:1309.2293 [hep-ph]
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NP in 20257

We'll see significant improvement in

sensitivity to NP in the next ~10 years

p-value

== 1.0 05 —~
I '.”u IOO -
—'
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Charles, Jérome et al, Phys. Rev, D89 (2014) 3, 033016
arXiv:1309.2293 [hep-ph]
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Penguinic B-Decays

B%°—(gq)K° decays — gluonic penguin .. ...,

(j\f\-"‘ -
C
b g I 7
BO s BO d ‘%<S
S

BR~ 10-3 BR ~ 10-5
[s=sin23‘ S=sin(2B+BnF)
C=0 | C=anp e .
...sensitive to NP contributions with different weak 0 ; _' # -

phases
...some final states have more hadronic uncertainties

than others (tree diagrams; rescattering); hard to calculate

TRISEP 2015 52

Page 17/28

Pirsa: 15070025



TD-CPV From Penguins

There are a large number of
final states used to probe for
NP in gluonic penguins:

oK Ay ) | Bl
B9 —(Ss)K?: ¢Ks, N'Ks e i
=> ~0 tree level pollution .. RPN |
"golden modes” CK  Aveing .

K Avoilnge -
B°—(qq)K?: 11°Ks, pKs, wKs T G ||
=> some small pollution; part f, K Avoiage L
of the picture KK K® Aveiage —

0 O 04 8 1

As of today, excellent agreement with sin2
this has not always been the case...
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EW Penguins: B—sy

electroweak penguin analog of gluonic penguin same StOl'y as before bUt EW
process makes things easier to
calculate

...in particular, be inclusive! The
more, the less hadronic uncertainty

Measure B-—Xsy
@B(b — sy) = (3.37+0.23) x 10 * ...where Xs=nK+mTr
! ; the most recent BaBar result used

Theory 2HDM, tani=2

P - 38! final states (hep-ex1207.2520)

Blb—esyx10

250 500 7SO 1000 1250 1500 1750 2000
Mass (H') (GeV)
hep-ex/1212.6374
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EW Penguins : B—K*uu

Y.z / w W S ‘/‘,J d w

L
b et o s b SUCE o5 s
W } K=o } K=o

d d d d
b—sy* v-less double “b” decay
K*up has 77 angular observables that A .

are calculable and sensitive to NP.

I P : : 1 I3 n &, F 7
i(1 1 iq? A 3
1 ! n* 0y cos 20
. J i i S ' (] )
exercise: . , o S
derive this cr e e ...this is only 8.
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EW Penguins : B—K*uu

"
.z Nz ‘ o
- !l
b u.c.t .J;"P s b s
wW } K=o N } K=o
d d

b—sy* v-less double “b” decay

Ql
Ql

in the past, measured BR & Are vs gZ2...all was good

Cren 2012, hep-ex'1 212 QAT 42

1.5 Circa 2012, hep-a/ 1212 637442
L LJ Ll
P L < 1 Y Y
% i =0 LHCD prelrmunary —a— COF 8- BELLE —~ BaBar ) P LHCD preli ary -
= « Naive Average all exp. o
»5'2 11 < o8 ]
b= | % ? g of <, rerveried ﬁ =
— oz2f g ]
8 " 3
e
’8 02
0.4 S of (L, reversed b
%a Siges of C, & €L, o reversed -~
OB B Standascd Mosdel NP models
o A A A . . - a b
4] 5 10 15 20 ‘v - 4 T 40 v ™Mo 2 % 1k L 20
& [GeV?) o’ (GeViicY) & (GoV?)
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Anomaly in B—K™uu ?

Recently (well 2013, but updated in 2015) LHCDb
performed full angular analysis...

mostly good agreement with SM ol | A B A B A S
LHCb
0.5 preliminary
However, the observable Ps’ + SM from DHMV
exhibits a local tension with

respect to the Standard Model 0
prediction at a level of 3.70.

.I.i.l.ll.l .I.J.I.I.Il.ll.l

IFITITY‘II TITF Tl T F

|+
_+_

[121,5_-5'-1.5\/}71,(1_FL)] L g —
b 5 10 15

:. ™ :‘.' -3
LHCb-CONF-2015-002 q? |[GeV</c?)

Do we believe it?
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Anomaly in B—K™uu ?

Recently (well 2013, but updated in 2015) LHCDb

performed full angular analysis...

mostly good agreement with SM a.

However, the observable Ps’
exhibits a local tension with
respect to the Standard Model
prediction at a level of 3.70.

[P-Lr) = S4.5 \/FL(I — Fp )]

Do we believe it?
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Anomaly in B—K™uu ?

Recently (well 2013, but updated in 2015) LHCDb
performed full angular analysis...

- . - o ——
Do we believe it? = - . s ]
...No probably not. “'5:} preliminary 3
6 " B . SM from DHMYV A
-“global” significance <<3.70... - ' o 3
many combinations of variables o -~ % :
-why not take a ALkl with SM : R :
parameters? -0.51- —+— ]
there is definite disagreement on i I +—
the theory side ... we may be e
tarting to hit that limit ! ’ 1o o
= LHCh-CONF-2015-002 q* [GeV*/c?]
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What about Bs—¢uu?

Bs—¢ppu basically same as B—K*up
= only spectator is different

- pup is a CP-eigenstate

“>the K*uu averaged over CP

anyway

Another ~3(.5)oc
discrepancy

dB(B"—oupu)dg? [10°Ge V)

9

+

+
i

IIIIIHIITIIIIIIHIIIIHllll Il”‘llll'll“ll

A A " A A

A

ILHCb
SM pred
* Data

+

nuluuluuluu Illllul].l.lul[lulll.luI

A A

A
S 10
hep-ex/1506.08777

...in the total BR this time.

Do we believe it now?

TRISEP 2015
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What about Bs—¢uu?

Bs—¢ppu basically same as B—K*up
“ only spectator is different

- o is a CP-eigenstate

“>the K*uu averaged over CP

anyway

Another ~3(.5)oc
discrepancy

dB(B"—ouu)dg? [10°Ge V)

9

+
i

IIIIIHIITIIHIIHIIHlIIIIIIII”IIIIIIlll"I

A A A i A A i A A

ILLHCb
SM pred
* Data

llllll.l.llJ.lll.lll.lll Illllnu].l.uu[lulluul

'l

5 10
hep-ex/1506.08777

...in the total BR this time.

Do we believe it now?
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What about Bs—¢uu?

Bs:—¢pupu basically same as B—-K*up 9

LLHCb

“ only spectator is different ’; 8 E— ‘ —_?
-» $pup is a CP-eigenstate B TF SM pred 3
“>the K*upu averaged over CP = 6 ;-_.}_ *Data 3
anyway = sE E
S 4F l H= E
3 3 — 3
= —t— E
Another ~3(.5)oc e 2F 3
- — 1 —
h L A |
discrepancy =, .

- ) ) ~

hep-ex/1506.08777 q* [GeV/ 7]

...in the total BR this time.

Do we believe it now?
LN leave that as an exercise for the class.
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First Intermission

e Flavor physics is fun and exciting and a great place to
look for physics beyond the standard model
e |t can reach energy scales >> LHC

e |t's not completely generic, though...e.g. can imagine NP
with the same flavor structure as the SM
® “Minimal Flavor Violation™

e Still, there are lots of places heavy NP could show up...

hasn’t yet...
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