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‘ Searching for New Physics
through Quantum Corrections

Precision measurements in electroweak & flavour physics play the same game...
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...testing the self-consistency of the SM, & looking beyond, through loop corrections.
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Precision measurements have proven track
record at probing high mass scales

Example, the top quark and its mass: 200 - -
* First indirect evidence of a 3
family of quarks came from ]
. . . —_ 150 - —
flavour physics (CP violation) = _ § Tevatron
L : S, M SM constraint
* First indication that top is heavy = 68%"8[5 e
came from flavour physics 0 - i
(B mixing) - The LEP EWWG, -
Phys. Rep. 427,257 (2006) 7
» Electroweak measurements at LEP ys-nep ( )]
and SLD then pinned down where . 1/ Direct search lower limit (95% CL)
the quark was eventually found 1990 1995 2000 2005
Year

So, precision measurements are very valuable. But what precision is required?
* as precise as the prediction coming from other constraints &/or theory error
* Or, sometimes as precise as you can go!
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‘ Unwise to assume ~10% Coutesy Browe
(or even 0.1%) is ‘good enough’

"A special search at Dubna was carried out by E. Okonov and
his group. They did not find a single K, = =n* == event among
600 decays into charged particles [12] (Anikira et al., JETP
1962). At that stage the search was terminated by the
administration of the Lab. The group was unlucky."”

-Lev Okun, "The Vacuum as Seen from Moscow"

BR (K%, —mm) ~2x 103 Cronin, Fitch et al. , 1964

Precision flavour and EW physics at the LHC
6/4/13 Guy Wilkinson, LHC France, Annecy 4



‘ (Very) selected topics in flavour physics —
status and prospects

Many, many topics in the flavour sector that the LHC will elucidate, some
very important in the search for New Physics. Here are three examples:

* CPV studies in the B system
* Precision CKM-metrology: the angle y
* FCNC — searching for New Physics in ‘rare decays’

ATLAS and CMS have their role to play in decays involving di-leptons,
but clearly LHCb (and the LHCb upgrade) has the main responsibility.
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Mixing induced CPV in B, system

CPV phase, ¢, in B mixing-decay interference, e.g. measured in B.—J/Y®, very
small & precisely predicted in SM. Box diagram offers tempting entry point for NP!

Tevatron results were tantalising with early [PRD 85 (2012)072002]

data and remain intriguing with final sample: AR S B B I

[PRD 85 (2012)032006] - before adjustment 4

— 04 0.4 — 68%CL | 5.2 fbt

' D@ Run II, 8 fb' AM, =17.77 =+ 0.12 ps™’ - F before adjustment ]

203 SM p-value = 29.8% @020 i
»0.2F r
3 5 o

0.1F ) V7=

0 0ol [

_0.1 ? ——68% CL i 1

0.2 - —980% CL 04 —8— SM expectation N

T E —95%CL C - symmetry line . i

-03F m 060 N

04 g T T - R s

o2/% (rad) p.*® tradl = -¢, /2

Results are consistent, & both are ~1o0 away from SM. What about LHCb?
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e Tagged mixed

v Tagged unmixed

Precision studies of B, CPV = .}

— Fit mixed
---- Fit unmixed

candidates / (0.1 ps)

Thanks to its excellent proper-time resolution
LHCb has brought clarity to the ¢, picture:

LHCb

B oscillation seen in Dg1r

(I
» B.—J/Wp analysis with ~4x precision decay time [ps]
of Tevatron studies [LHCb-CONF-2012-002] LHCb 1.0fo~ + CDF 9.6fb "+ DQ 8fb"
=Y LA S B B B
L -, 2000F | - HFAG &
* Augment th|§ vy|th ﬁweo;— e e é - 1 : DO E
novel analysisin = £ b/ s - F : : -
complementa &l Nl 03 F | ‘- .
Y 3 <] 015 1. LHCb -
channel Ba—J/Wmm  wp 'V A7 | - N .
[PLB 713 (2012) 378] e 010 ST i@ombined N
m(inyc) (MeV) - ST ’
* Finally, perform study looking at strong-phase : " CDF SM :
h t KK | iant in J/YKK which 005 ) ./ 68% CL contours ]
change w.r.t. invariant mass in whic B — (Alog £ = 1.15) -
resolves 2-fold ambiguity [PRL 108 (2012) 241801] oL L I
-1.5 1.0 -0.5 0.0 0.5 1.0 1.5
: : . : ¢ [rad]
No big NP effect in B, mixing-decay interference, , 7~ JLHCb, 2011
but essential to improve precision as ¢ remains P 0‘\
a priori highly sensitive to non-SM contributions. - . LHCb
L upgrade
. *
Will be a key goal of > .

the LHCb upgrade
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Motre goals in B, CPV

Candidates / (5 MeV/c2)

[£=]
[=]
\Il\II|III|\II‘III|III‘II\|II

Other important B; decay modes exist in which gluonic ~ * E
Penguins provide an extra door for New Physics to enter sl SPELLE e
5100 5200 3300 5400 5500 .5300
e.g. B~ @ (first time-dependent study farxiv:1303.71271) 2 | e | N
S 4 =
Intriguingly the magnitude of central value of measured 3 °F E
CPV phase is high (p-value with SM = 16%). Wait for 13 E
2012 update and true precision measured with upgrade 't /L’“SM E
0.02 . IIOI”IIq:I[-aI(i_]
I | I i 1 5
0 v Il Also important is to find a resolution to the related
i € | issue (CPV in mixing) of the DO di-y asymmetry anomaly.
+ Standard Model J
-0.02 | = BFactory WA. = |
I DOBSIDX 1
M o A} =
o04| DO A} 95% CL —
Duﬁ’lq"). fl.’.-l ' | ' .; '
-0.04 -0.02 0 0.02
a sl
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Q
0

[LHCb-CONF-2012-022]

Motre goals in B, CPV

Candidates / (5 MeV/c2)

Other important B, decay modes exist in which gluonic
Penguins provide an extra door for New Physics to enter

e.g. B.— @ (first time-dependent study [arxiv:1303.7127] )

Intriguingly the magnitude of central value of measured
CPV phase is high (p-value with SM = 16%). Wait for
2012 update and true precision measured with upgrade
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Precision CKM-metrology: |

the next challenge S

1= 0.0 f-non

B-factories (& others) have done a great job in 4]
mapping out unitarity triangle. But further progress _
needs improved knowledge of angle y (a.k.a. ;) — [

150
1.0

Look in B* — DK* decays using

common mode for D9 & D9 Favoured
U
— v sensitive interference I‘_If,_g_g-—fi&\ K
Yy 8
— different rates for B* & B- (CPV!) ~ _» .=«
B | D
Many possibilities: K, KK, K. ; -

Suppressed

’U,///j/‘\

O S L no
b Vb €_— . /D

Tree-level decays: strategy very clean & yields result unpolluted by New Physics

This is a good thing! Provides SM benchmark against which other loop-driven NP
sensitive observables can be compared (e.g. Amy/Amg, sin2B, y measured in B—hh)

BaBar/Belle uncertainty ~ 16° ; indirect (e.g. loops) precision ~4° (& improving...)
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[LHCb,PLB 718 (2012) 43]

+ 0 - -+ ]
BT — (st’n’ ), K7 (0) ]
-0 E

Downstream K ¢
Sum. incld. combinatorics

B—DK example: multi-body decays

---------- Sjg]al

Yo 1
“oz Mis-ID —

SUSLNY Partially reconstructed

Cleanerthan —
B-factories !

Entries / 15 MeV/¢?

B—DK method can be applied to multi-body
D decays such as D—Kgrmrr. CPV leads to P >
difference in D Dalitz plots for B* and B- decays - KT K (MeVie)

IBin numberl

1 1 1 1 1 1 1 1 1 L L L L L L L L L L L [ 1 1 1 i i i i l i i i i
1 2 3 1 2 3 | 2 3
m2 (GeV/c")

Data analysed in bins which have similar D decay strong-phase. To retain
model independence these phases are taken from measurements of quantum-
correlated DDbar pairs at CLEO-c [PRD 82 (2010) 112006] - Will be improved by BES-III.

Cleanliness of measurement preserved exploiting synergy of facilities !
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LHCDb: current precision on y and future prospects

) ]_. T
Combination of B—DK results =) I f ereESB -
obtained so far with 2011 data " 1 3
ocl =710 1 3
Precision of ~16°, very similar to that : ' 2
obtained with full B-factory samples 4= 10N
Will improve steadily: L e, N
0 Ly

20790 60 80 100 120 140 160 1s0
* more modes to be analysed v (7]

(there are many...)

* Add 2012 and post-LS1 data (first 2012 analysis will appear next week)

Aim for ~ 4° uncertainty after first stage LHCb (matches current indirect precision)

Upgrade, with improved trigger and higher lumi, will allow this to be reduced to ~1°

— true precision CKM-metrology !
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Searching for New Physics through FCNC

Another way to probe for New Physics in the flavour sector Is to study FCNC
processes, especially those very rare in SM, or with rich kinematical structure

Many examples, but two seen of particular importance at start of LHC era

- * -
Bs—utu BO—K*utu
Highly sensitive to NP with extended Driven by electroweak Penguins, and
Higgs sector, especially high tan3 SUSY sensitive to helicity structure of NP.
Firstthing to measure Arg vs m?(uu) (£9?)

& ' 7
S e LHCb 4
U 12 Lo TV +L1 68Ty O 0
= “r BDT=07 z -&=_HCb Theory == Binned theory
S 10 4 2 %
G- 12 LHCb P
= SF i 05 - 1 =
2 1o e —+ | -
3 L 1 — m N
2 1 S < O;FE"E ----------------------- 12
2 4f i S
< F 1 3 -
> o2t + ] - 05 0.37 fb"! 1 >

S T T L P N S

5000 5500 6000 0 5 10 15 20

m ., [MeV/c?]

First evidence of decay, and with BR
consistent with SM expectation

2 [GeV?/c4
Asymmetry has ‘textbook’ behaviour!

So no sign of big NP effects (the LHC story so far...), but this just the beginning



‘ FCNC — the tasks ahead

Bigger samples — more precise measurements & study of other observables

For BO_)K*N+IJ- [Altmannshofera(?tal., JHEP 09?.:.'.-(2009) 019]

* measure crossing point well —
cleanly predicted within SM

, Bl Theory ® Counting Experiment --Unbinned
| - R BRI .

< [ LHCb
0_5:_ Preliminary

-0.5

800-¢10¢-4dNOO-QOH1

. . ] .

plhisf i iy iy " 1 :

6

P (GeV3/ch) /
» explore other observables, of

which there are lots, many sensitive
to different aspects of non-SM physics

2

ATy (107 Gev ™)

¥ o2 3 & 31 &

For B _)H"'u' I : q-:rGe\.:‘1 t g 1GeV?) I : q:‘rge\:a, ’
S

« Measure BR down to theoretical uncertainty (few x 10-10)
 Search for B%,—u*u- and measure ratio w.r.t. B; decay
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‘ The evolving landscape of electroweak

Electroweak physics took its ‘great leap forward’ in the 1990s (LEP1/SLD era).
Last 15 years, with firstly LEP2, and then Tevatron has also seen great progress.

LHC has now entered game. Discovery of ‘Higgs’ completes Standard Model.

6 March 2012 m, o = 152 GaV
| (5)
o 6 Ac‘h 5 % e elecle ip x;tcn .~;am|:neI =
S Ch 1 e A Selectedd ,;ala 2011?;012 E
i 1 %% - 0.02749+0.00010 2 Fow, T gggﬁg j;;g,“;j,:;:jnggw ]
| 44 o «== incl. low Q7 data g 5000:— ATLAS Preliminary —:
4 = 4 w Fo T H—yy
: NH 3 ‘“M? |s=7Tev,ILdt=4.afb"
| <] zm:_ |s=sTev,JLdt=20.7 b’ ]
2 1 o s00E= + + + + + -
| A s wp
| | EI::F 102: +.+l+ “J/\$L$l+.+‘ L ‘Z
0 14 2 _mo+1.l+w” IS S R X e
JLEP LHC g 200E L =
I“H [GEV] 5 SR 4 e [ i} 1 10 20 30 40 somw [Ge\}]
40 100 200
m,, [GeV] _
2012—: discovery, &
1994: first attempts Early 2012: indirect data first characterisation
to constrain my insist on light Higgs of properties

EW physics now must test self-consistency of SM with precision measurements
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The evolving landscape of electroweak

Self-consistency can be visualised in m-m, plane. Great progress in last 15 years.

T 1
| —indirect Data
| - direct Data

80.5—_ 1997
> 80.4-
O
=
=
80.3
my, [G
80.27 70 Preliminary |
140 160 180 200
m, [GeV]
Precision flavour and EW physics at the LHC
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The evolving landscape of electroweak

Self-consistency can be visualised in m-m, plane. Great progress in last 15 years.

L I B T T
| —indirect Data ... February 2012
..... d”-ect Data 80_5 _I Trr|rrrr|rrrr|rrrr|prrrr[rr o1t ]
805 ] | O LEPEWWG (2011) 68% CL (excluding Mw. m., & direct Higgs exclusion) _
. _ 1 997 80 4 : @ 68% CL (by area) Mw (2012), m., 'a:‘ :
| < 45 — L —
> - 2012 & -
O B R i
% 804 | m— 3 804 »
o} . o - ]
_ i = C i
S ] S g03s5 & —
- ‘,_'\ =
80.3 — : L«\@ :
. 80.3 |- & B
1 1 _I 1 1 1 | 11 Il 1 I | ] I 1 1 11 | J I B I 11 11 I 1 1 11 | 111 I—
802- my [GgV] ] 155 160 165 170 175 180 185 190 195
<7 Preliminary |
70/, 300/ 1000 - — Top Mass (GeV)
140 160 180 200

m, [GeV]

How will our knowledge of these parameters evolve throughout LHC era ?
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‘ m, at LHC — current status

LHC has already made an impressive start to the m; measurements campaign

LHC my,, combination - June 2012, L =35pb”- 4.9 fb”
_ ATLAS + CMS PreliminaryNs = 7 TeV
ATLAS 2010, hets. NP 169.3+ 4.0+ 4.9
> | ATLAS 2011, l+jets
O :
= ;‘ L tas (W 1745+ 06+2.3 ==
w ATLAS 2011, all jets
:E g L, - 2", (= R, UE syst) ® 1749121139
CMS 2010, di-lepton
(i') (ZD L, %5t (& CReyat) —_ ® s 17551+46+46
o CMS 2010, l+jets
T -B L - 95 ", 0 Gl oy - - 1731221+ 2.7
- = CMS 2011, di-lepton -
g l|\> CLhTI‘-SE.an'.IIEFE:LIEs,'st.I 173.3+1.212.7
o O 2011, p+jets
=9 L - 495, CFL UEt) - = 1726+04+15 L
LHC June 2012 - - 173.3+£05+1.3
Tevatron July 2011 B 173.2: 06+ 0.8
| | | | + :stalt.]i{syst.}
150 160 170 180 190
My [GeV]

Combined precision similar to Tevatron. Average dominated by 2011 |+jets results
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Eur.Phys.J C72 (2012) 2046

2011 lepton + jets results

Take as an example ATLAS 1fb-! result, where final result comes from 2D fit
of MC templates to Jet Energy Scale (JSF) and m, from mc°, and mrco,,

-

3 ook 3 Measured value of m 174.53
& o0d [&] top .

2 s 2 Diata statistics 0.61

£ 70 & Jet energy scale factor 0.43

& co0 d Method calibration 0.07

50 Signal MC generator 0.33

40 Hadronisation 0.15

300 Pileup < 0.05

200 Underlying event 0.59

oag Colour reconnection 0.55

T ISR and FSR (signal only) 1.01

Froton PDEF 1N

W4jets background normalisation 0.37

Wjets background shape 0.12

z @ % QUCD multijet background normalization 0.20

g 00 _E_' QCD multijet background shape 0.27

e Il.d:-um:' = Jet energy scale 0.66

i 400 T e P .; b-jet energv scale 1.58

¢ 200 —ry “ b-tagoring efficiency and mistag rate 0.29

B;_::::um R Jet energy resolution 0.07

200 My, = 1743+ 10 GeV M= 1750208, GeV Jet reconstruction efficiency < 0.05

Missing transverse momentum 0.13

2 . B Total systematic uncertainty 2.31

R - | - L T R R e Total uncertainty 2.39

Final result: Mtop = 174.5 £ 0.64¢at = 2-3&1:;51: GeV dominantsystematics

Similar approach pursued by CMS in Jep 12 (2012) 105
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‘ PrOSpeCtS for mt - jet energy scale

 fragmentation
To progress requires better understanding of: «|SR and FSR
* measured mass vs pole mass,

An excellent start is being made! colour reconnection etc
Studies of m, vs kinematic variables Studies of QCD radiation in tt events
e.g. vs separation (AR) of light-quark jets €.g. Nies In ttbar lepton + jets events
= _.C.M|s.p.m.“'.ni|n?r?". '.Ef.?.T?j' 'I:.'F:::(:E;ﬁt‘? ] ‘GEU: £ A:'f_isD::'eliminar} ' E
S "t MERE, Tt meme e 4 3
Ho s —-- MG, Pythia P11noCRy - —— ALPGEN+PYTHIA(-::: Down) ll_
% - —-- MC@NLO, Herwig . @) C e h T
ﬁ._ E % 103? = _[Lut:el_? i’ E E
E = E - 5 =7 Tev E CID
T e =
r . . [ p, > 40 Gev ] |
= -10;— s 5 @ 10 :_elﬂets | I | | : = B
S, < I I i I \ I I e} Qﬂj 15 [ beesee _; (I,Q
[ H = S e ]
g 05 P . s { = | SE— T ey PP oo . 8
=t 0.50- ER
D R T s ' . %
s ARg 3 4 5 6 7 =8
n

All variations well described by simulation.
No evidence of bias from generator choice

* lepton end-point
* b-flight distance
* m, from cross-section

Some tunes unable to describe data

And other methods, with very different
systematics will start to enter game
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‘ Prospects for m,

To progress requires better understanding of:

An excellent start is being made!

Studies of m; vs kinematic variables

e.g.

All variations well described by simulation.
No evidence of bias from generator choice

And other methods, with very different
systematics will start to enter game

vs separation (AR) of light-quark jets

mi0 - <m®> [GeV]

data - MG Z2 [GeV]

10

CMS preliminary, s
e e

=T TeV, lepton+jets
T

T T
« Data (5.0 o) —]
— MG, Pythia Z2

_____ MG, Pythia P11 3
—-—- M, Pythia P11noCR]

* jet energy scale
 fragmentation
* ISR and FSR

* measured mass vs pole mass,
colour reconnection etc

Studies of QCD radiation in tt events
e.g. Njes in ttbar lepton + jets events

—-- MC@MNLO,

_________

very difficult to say...

Sub-GeV precision soon within
reach! Ultimate sensitivity —

£ = ATLAS Preliminary -
[5] b o —a— Data
=
L 1 04 (- —_—— ALPGEN+PYTHIA B >
E — — ALPGEN:PYTHIA(a,Up) ] |:|
- —_— ALPGEN+PYTHIA { a, Down) 1 1
\_ o] ] o
—_— _[ Ldt=47 " é E
fs=7Tev ] wn
—— b 1
.... oz - v
—g— E -
........... E @
4 8
| | =
/ ..... beaeas 1 -
___——TEF ——— 4 @
(o] —_—— 3
= — e Do i 8
1 (6}
0.5 =
3 4 5 6 7 =8
n

Some tunes unable to describe data

* lepton end-point
* b-flight distance

* m, from cross-section
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my, — state of play

World average dominated Mass of the W Boson
by Tevatron Run-II results Measurement 5 M,, [MeV]
. CDF-0/l S 80432+ 79
Good consistency between 0o o 80478 + 83
LEP and Tevatron — very |
: . : DO-Il aow —— 80402 + 43
pleasing given very different | ;
measurement strategies CDF-l ez ) 80387 £ 19
DO-Il  wan) —e- 80369 + 26
my,, measurements take time: Tevatron Run-0/ill - 80387 + 16
* LEP final results came LEP-2 —o— 80376+ 33
6 years after data-taking World Average .- 80385 + 15
* Recent Tevatron results '
came last year, and they
still have plenty of data T
left to analyse 80200 80400 80600
LHC still to enter game, but plans My [MeV] March 2012

underway [ATLAS-2008-070, CMS, J Phys G34 (2007) 995]
Goal is to reach error of 5-10 MeV.
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“Tevatron experience

>
§ 15000 CDF : ® Data
5 - .
s muons — Simulation 35000
3 | ° DO Run II, 4.3 fb"
2 [ G 30000 — DATA
] I
S o000 S 25000 FAST MC
- 2 20000 V-
i S [ Z->ee
[ M, =(80379%16,,,) MeV o 15000 Fit Region M
000 — 10000 x2/dof = 37.4/49
- 2/dof = 58 / 48
- 5000
%o — 70 B — 100 % 60 70 80 90 G é‘(}o
me(uv) (GeV) My,
T [ .
o 70000
« 10000/ = (80393 + 21__) MeV > E g
% | M, stat & 60000 :_DU Runll, 4.31b —_DATA
2 10 = _
§ xIdof = 60 / 62 o 50000 FASTMC
} £ 40000 B o>
S E [ Z->ee
5000 CDF @ Data e 30000 =3 |g___ Fit Region MJ
— Simulation 20000 x2/dof = 26.7/31
- electrons 100002
oy % 30 35 40 45 50 55 o ol
% 40 50 T

E.(e) (GeV)

Measurement requires excellent understanding of momentum, energy & hadronic
recoil scale. Z° decays provide invaluable control. PDF knowledge also essential.
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‘ Improved understanding

Evolution of error budget between recent CDF measurement and earlier result

30 B 200 pb ' Error
B Bl 2.2 b Error
> [
o
s | 8
= 3 s |
L _ e -
W 4q 5 2 5 2 = %
— -— @ o = -
o o ? (14 £ S —_ c
- éizlz & ¢ = g
p O O o — O 5
- 5 o @ s B o L
(=% (=% o o
- — s
B L

Hard work reaps rewards! PDF error now dominant. Improved understanding
of this component key to further progress, both at Tevatron and the LHC.
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Lepton charge asymmetry

Impact of improved PDF knowledge on my,

Measurements at LHC, including W lepton charge asymmetry, Drell-Yan and
Z production etc, already is allowing PDF knowledge to be improved.

e.g. toy experiments assuming 1% uncertainty on W lepton charge asymmetry

AN BN ELELEL A DAL BN BLULELNL DL LR I L=

0.3 - NSs=7 TeV : ATLASJ-CMS-‘-LHCb“_ . 0.9 E_ % NNPDF2.1 gj
- R Preliminary{ with10x 7 S N
0.2F ik ] 0.8 N NNPDF2.1 + LHC Wasy pseudo-data o
: 2010 | better :
s 1 precision ™t -
o1 status | P 08 with 1% a
C - E i Y
ol B ‘ 05 S~ uncertainty 3
C ] B spread o)
- e« ATLAS (extrapolated data, W — Iv) 35 pb’ : 04 b /Cf
-0.1— -+ CMS (W— uv) 36 pb” — 03 E ecomes B
- m  LHCb (W— pv) 36 pb | = <<10 MeV 2
0.2 MSTWO08 prediction (MG@NLO, 90% C.L.) - 02— 5 —
E e CTEQS66 prediction (MC@NLO, 90% C.L.) E 0.1 f_ § a
030 m HER,T 0 predliction (MC@NLO, 90% CiL.) | L - 7 /7 i3 3 7/ | S

. T | L1 L oo v g gl s IR L1l L 0 1 L A g | 1 | 1 1
0 05 i 15 2 25 3 35 4 80.39 80.395 80.4 80.405 80.41 80.415

|T| ‘ My, [GeV]

All this looks encouraging! But other commentators [krasny, Dydak et al., arXiv:1004.2597]
are more cautious, emphasising difficulties at LHC coming from pp initial state.

Await first results to learn more. Whatever, LHC results will help Tevatron progress.
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Summary

Precision measurements in heavy flavour physics and electroweak (and, of
course, Higgs’ properties — not covered here) are a vital part of LHC programme

* Very successful start in b- and c-physics
LHCDb now world-leader in most key measurements.
No clear signs of non-SM behaviour yet seen, but the journey is
barely begun, and a big step in precision is expected at LHCb-upgrade.

« Many measurements have already been made at LHC in EW sector
(not discussed here), but work just beginning on m,, my, (and sin26,,).
It will be a long road, and excellent control will be required (especially
of PDFs), but prospects are good, certainly for m; and my,.

Lots to do, but these studies are mandatory for probing very high mass scales
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CKM metrology at LHCb: playing the long game

Precise CKM metrology at LHCb, most importantly measurement of y, but also
improved (B precision, will be in the long-term a critical factor in the search for NP

Important first step — first observation of the suppressed ‘ADS’ mode B* — (K+mr)K*
Highly suppressed (visible BR ~107) & not seen at 50 with full B-factory dataset

& —
= T
> LHCb | [
= ~
o N
P B MK K" S
5 N
p‘ N
Gd) ] N
o

TRV

5600
m(DhE) (MeV/c2)

LHCb sees mode with ~100 stat significance. As expected, it has a very large CP
asymmetry —0.52 +0.15+0.02 which provides critical input to LHCb y measurement.

Recently joined by corresponding first observation in Krrrirm mode [arXiv:1303.4646]
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Effective weak mixing angle sin?0y,°

Afb’ —— 0.23099 + 0.00053
sin26,,¢ is a very important parameter AP I 023159 + 0 00041
in EW studies — a precise measurement
tests self-consistency of theory

Ay —v— 0.23221 + 0.00029

Ay 1 0.23220 + 0.00081
Asymmetries measured at LEP and SLD /' o™ = 0.2324 £ 0.0012
achieved precision of 1.6 x 10*, but
with some intriguing internal tension Average il 0.23153 +0.00016

’/d.of:11.8/5

between AggP and SLD L-R asymmetry 105 : o

Can LHC clarify situation and improve

precision on knowledge of this parameter? o 2089, 0,02758 £ 0.00035
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Forward-backward '} '\
asymmetries at LHC

Dominant Drell-Yan process:

0.5
uubar, ddbar — y/Z—-IT 0.42‘ - data (e*e- & p*p-) 1, 3
Measure Arg, defined w.r.t. di-lepton boost 0.3F _ POWHEG (CT10)+ 1 E
which is (usually) the direction of quark ook PYTHIA(22) + ‘* E
Above (& below) Z pole: sensitivity to ¥ < 0.1F %T 3
possible Z! contributing to Z/y interference. 0::+ _L HE:H CMS . E
- 5fb atis=7TeV 3
CMS 1.1 fb™! u*ur study [PrD 84 (2011) 112002] : '0'15_ —- 1.00<lyl<125 3
sin? fug = 0.2287 + 0.0020 (stat.) = 0.0025 (syst.) . — ' '
ATLAS 100 fb™! projection (ATLPHYS-PUB-2000-037] 2
d sin e;jf}: (1.5(stat) =0.3(exp) £ 2.4(PDF)) x 104 872 R T St

) G
Difficulty in interpreting asymmetry at M(IT) [GeV]

LHC lies comes from dilution associated with knowledge of quark direction.
Dilution ~ 1/pseudorapidity. Possibility for LHCb to contribute in its upgrade era?
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‘ Upgrade expectations

Type Observable Current LHCh Upgrade Theory
precision 2018 (50fb~")  uneertainty
BT mixing 36, (B° = T 9) 010 30 0.025 0,008 ~ 0,003
28, (BY — Jf fo(980)) 0.17 [32] 0.045 0.014 ~ 001
il G4 s 107 |63 0.6 107% 02 107% 003 = 107
Gluonic 209 BY — g - 017 .03 .02
pengiins 200 B — KR - 013 002 < (.02
20M(BY — oK% 017 [63] (.30 .05 .o
Right-handed E,if:ﬁ I_'H:.' — ry) - 0,09 00z < [1.0]
currents gl | H:' — ) ..f'rﬂp — 5% 1 % 0.29%
Electroweak Sy B" — K*"uTpu 1 < g° < 6 GeVE et (.08 [64] 0025 (L0085 .02
penguins sp App (B = K*%utu™) 259 [64] 6 2% 7%
AlKptp—: 1 < g* < 6GeVH ) 0.25 (9] (.08 0.025 o 002
B(B*Y — mtutp ) /B(BY — K*ptu) 925 % [29] 8% 2.5 % ~10%
Higes BB = u' i) 5% 10 "4 05107 056107 03=107
pengiins B(B° = utu~)/B(BY = utu™) - ~ 1007 ~ 357 ~ 5
Unitarity v (B — DY K™ me L0127 (40, 41 4° 0.9° negligible
triangle ¥ (BY = D,K) — 11° 207 negligible
angles G(BY = J/WwKY) 0.8% [63] 06" 0.2° negligible
Charm Ar T3 <107 [63] 040 % 107 0.07 % 107 -
CH violation AAcr 2.1 = 107" 5] 065 = 1070 012 = 107* -
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Pulls of global EW fit

3

Measurement Fit |O""eaf‘—0ﬁt|f’csITIeas
‘ 2

m, [GeV] 91.1875+0.0021 91.1874
r,[GeV]  24952+0.0023  2.4959
G [nb]  41540+0.037  41.478
R, 20.767+0.025  20.742
A 0.01714 +0.00095 0.01645
A(P.) 0.1465+0.0032  0.1481
R, 0.21629 + 0.00066 0.21579
R, 0.1721+0.0030  0.1723
AP 0.0992+0.0016  0.1038

oc 0.0707 £ 0.0035  0.0742
A, 0.923 +0.020 0.935
A, 0.670 + 0.027 0.668
A(SLD) 0.1513+0.0021  0.1481
sin“057'(Q,,) 0.2324 +0.0012  0.2314
m, [GeV] 80.385+0.015  80.377
r,[GeV]  2.085+0.042 2.092
m, [GeV]  173.20+0.90 173.26
March 2012 6 1 2
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I 68% and 95% CL fit contours miin Tevatron average
w/o M,, and m, measurements

68% and 95% CL fit contours
w/o M,,, m and M,, measurements

M,, world average + 1o
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