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New particle found, consistent with Higgs boson:
CERN ArabNews BB NEWS
SCIENCE & ENVIRONMENT

4 July 2012 Last updated at 07:35 GMT

Higgs boson-like particle discove
LHC P ki

El portavoz de la Conferencia
EpISCO al: "Blenvenlda seala
particula d_t_e Dios"

FINANCIAL TIMES

Welcome to FT.com, the global source of business news and analysis. Register
now to receive 8 free articles per month.

Last updated: July 4, 2012 11:18 pm

Scientists bask in ‘god
particle’ discovery

By Clive Cookson, Science Editor

'La particula de Dios' no
derrumbara la teologia, segin
los obispos

La Conferencia Episcopal Espafiola manifiesta que el
posible descubrimiento de la existencia del Bosén de
Higgs no supondra ningun dogma a la doctrina de la
Iglesia.

EUROPA PRESS, Letar Hilde.
Mu*‘dwduupn*ﬂm]a de Pica”

8 The most anticipated discovery in the history of
physics — known officially as the Higgs boson and
informally as the god particle — has been
announced at Cern, the European nuclear physics

| cenlre near Geneva.

Two scientific teams have detected a subatomic
particle that matches the predicted characteristics
W of the Higgs, after analysing the debris of trillions
of collisions at the $8bn Large Hadron Collider
(LHC), the world’s most powerful atom smasher.

o Ea§ wed quy 11,2002

Higgs boson-like 'God particle' discovered
CHI"ADAILY Elll‘(}PC Updated: 2012-07-07 08:08

(Agencies in London and Beijing)




@ATLAS
EXPERIMENT
bitp:/ feilas.ch

A boson with M,;=125 GeV and J=#1

5.0 0 both ATLAS & CMS

CMS Preliminary
15=7TeV,

m, =126.5 GeV) 1s=8TeV,

2t order poiynomial ;

=7 Tev.fLm =4an’

ATLAS Preliminary 2011 + 2012 Data
— Obs. Vs=7TeV: [Ldt=46-4.8 10"
- Exp. Vs=8TeV: [Ldt=5859 fb"
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HIGGS MECHANISM

H f
T = 1 0
p(x) = exp{ 5" 0(x)} 5 [v+H(x)j v --—-w,
""" +« 0
t M 1 H _2 H L H
(D,¢) D¢ —> 28 Ho"H + (v+H) {WW +200526(NZ”Z}
- W
Z

M, cosf, = My, = =VvgQ
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Flavour Structure of the Standard Model

H R IR

e Pattern of masses
* Flavour Mixing —

Related to SSB

Scalar Sector (Higgs
. cp (Higgs)
e Kaon Factories: u,d,s e LHC: t,b
e tCF: C, 1 e LC: t, ...
« BF, SuperB: b,c,t * VF I ve, Vv, V,
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- c t
Three Families {Ve u,} , {V" } , {VT }
e” d u s b

Fam”y Vi Qy _ V| _ _ dy
Structure {l qd} i {[ljﬁ e IR} | {(%]L’ e (qd)R}

N Left—handed Fermions only
Charged Currents W~

Flavour Changing: v, < | , q, © qg4

u

Neutral currents 7, L Flavour Conserving

Universality Family — Independent Couplings
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Flavour Physics & CP

YES NO
| €—> I;
R L
NO YES
JD/ and ¢ In Weak Interactions
CP still a good symmetry (1 family)
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Scalar - Fermion Couplings allowed by Gauge Symmetry

(+) (0)t . (+)
P = = (Gt {c““ @@j (d)r + ¢ (_@wj (%} - @, 1), ¥ [Z(o)] lk + he.

SSB

H _ . —
Ly = _(HVJ {qu g Gg + Mg, T, 0y + M II}

Fermion Masses are

_ [ad) w7V
m, ,m , m = |CcC7,C",C —
New Free Parameters [ fat o '} ! } J2

Mme | m,
H v Couplings Fixed: ngf:T

_hl
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N, =3 Identical Copies Masses are the only difference

Q=0 [v; u;j Q=+2/3 T, WHY. 2
Q=-1 1 d Q=-1/3

J

— 1 ¢(+) '
£ -2, |6 () s o
ik ¢
SSB

L, = —(1+ﬂj bl -My-df o+ T -MG U+ M-I+ he
Y

Arbitrary Non-Diagonal Complex Mass Matrices

(Mg My My Ty = el el R ]
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DIAGONALIZATION OF MASS MATRICES

M, = H,-U, =S/ - M-S, U, U.-Ul =U]- U, =1
M| = H,-U, =S/-M,-S,-U, S;-Sf = S;-S =1

H — . —
£, = —(1+7) (A-Myd+0-M,u+T-M,
M, =diag(m, , m;,m) ; My=dag(my,mg,my) ; M, =dag(m,,m,,m.)

Mass Eigenstates

d =S, -d ) U =Sy-up 5 =51 -+
dr =Sy-Ug-dr 5 Ug =S,-Uy-Uug 5 lg =3-Up-lg Weak Eigenstates
raary, r3 . £ £ £ ' =
O d, =T, -V.d V=8, Fee # Lec
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(GIM)

e
2 sin @, cos 8,

S w
\ Z /
» NO

Zﬂ Z f;/“ [Vf —a, 7/5]f
T

d / \ iy
Br(K, > u"u") = (6.84+£0.11)x10° |,  Br(K; > u'u) <3.2x107'
K.> " > (ry) > u'y

Ks > (7777 ) = (ry) = w'u
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) 2 2 Mv%/ 2
T(|—>V||17|,)~|V|29W_q2 TR I\%IWZ — 426G,
W W

1 - m, 5 -
— = 5 (M), mem) Gp =(L1663788:0.0000007) <10 GeV *
7
2 2 2
oy = 1+a(mﬂ)(§—ﬂ2j+cz a(m,) 1430 5 M | _ 59958 ; f(x)=1-8x+8x®—x* —12x% log x
21 n° 5My Mg
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2.197 03+ 0.000 04 PDG '06
2.197 013+ 0.000 024 MuLan ‘07
2.197 083+ 0.000 035 FAST '08
12.196 980 3+ 0.000 002 2 MulLan 10

—A 0N > T

Ooep known to 0.3 ppm

B | a4 192 72'3 van-Ritbergen & Stuart
New World Average: H ( g )

T, =2.196 981 1 (22) ps G.=1.166 378 7 (6) x 10° GeV2 (0.5 ppm)
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‘glu / ge ‘
B, ,./B, e | 1.0018+0.0014
B,,./B.e | 1.0021+0.0016 919, |
By ,./Bk e | 0.9978+0.0024 | | B, ¢ 7,/7, | 1.0007+0.0022

By 2 /B sre| 1.0010+0.0025 | | Tesr/Trs, | 0.992+0.004

By_,./Bwoe | 0.997+0.010 I x/Tks, | 0.982+0.008
By . /By, | 1.032+0.012

‘gz'/ge‘

B,,,7,/7. |1.0016+0.0021
By ., /Bwe | 1.023+0.011
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90% CL Upper Limits on Br(l — X")
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Exciting Prospects
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—_~ -13
Impact of 613 on LFV processes Br(u—ey) ~ 10

—_ -18
(All plotted points lead to 'viable BAU' and respect EDM bounds) Pr(u_)e) 10

(~7/4 < arghy < 7/4, O < argfy < 7/4) Br(t >uy) ~ 10°
BABAR

SPS 1a
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Br(u—oey) ~ 1013
Impact of 013 on LFV processes (n>ev) "
(All plotted points lead to 'viable BAU' and respect EDM bounds) Pr(u_)e) ~ 10

(—n/4 < argfy < w/4, 0 < arghy < w/4) BI’(‘C _)H,Y) ~10°
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Br(u—ey) ~ 105
Impact of 013 on LFV processes (n>ev) 18
(All plotted points lead to 'viable BAU' and respect EDM bounds) Pr(”_)e) ~ 10
(—n/4 < argfy < w/4, 0 < arghy < w/4) BI’(‘C _)H,Y) ~10°
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» ,<e I(d, > u,e ) o ‘Viir

We measure decays of hadrons (no free quarks)

Important QCD Uncertainties
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V. _-u
(0 > 0) d; —>—”o/7/
K—onlv, D—>Klv .. W '<‘7

(P(kI|T7d; [PQ)) = Cop {(k+KV* £,(a7) + (k=K V" T_(a")}

F(P—=Ply) = (1252—“15 Vi I Coor | £,(0) 17 1 L+ 6c) | f(a°) suppressed
. o (mui—mdj,m,)
- L(MP_MP» i;?g A2, M2 M2) fi((qo))
® Measure the @2 distribution I
® Measure T t,.0) 1V
® Get a theoretical prediction for 1, (0) | Vi |

Theory Is always needed: Symmetries
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f.(0) = 1+O[(m, —my)°]

Superallowed Nuclear B Transitions (0" — 0%)

2 7In2  (2984.48+0.05) s Hardy-Towner
Vel SR G M ag) | RO+ ag)

(Marciano — Sirlin)

1OC 22Mg 38Km 46V
o A *Ar OMn %2Ga  "Rb
34C| 4230 54C0

V4| = 0.97425 + 0.00022

V4 = 0.97377 £ 0.00027  (PDG 06)

Z of daughter



~(4908.7+1.9) s
7 (14+3)%)

(Czarnecki — Marciano — Sirlin)

PDG10: 1,=(885.7+0.8) s , A=g,/g, =-1.2694 + 0.0028

2
[ Vi |

PDG12: 1,=(880.1+1.1) s , A=g,/g, =-1.2701 £ 0.0025

IV,,q] = 0.9773 £ 0.0017
PDG 2008
T,=(8785+0.7+0.3) s
PDG12 (Serebrov et al, 2005)
PDG10

1.26 | 1.28

Br(z" — z’e'v,) = (1.036+0.006) x10™°

(PIBETA)

V4| = 0.9741 + 0.0026



Flavianet, arXiv:1005.2323 [hep-ph]

0.213 0.214 0.215 0.216 0.217
- 1 1 - 1rr 1 1T

K, e3

L

Large O(p®) xPT correction (Bijnens-Talavera)

K_u3

f.(0)

+
095 09 097 098 099 1.00

RBC/UKQCD 10
RBC/UKQCD 07

our estimate for Nf =2+1"

ETM 10D
ETM 09A
QCDSF 07
RBC 06

JLQCD 05 K u3

our estimate for N, = 2’

Kastner 08 08
Cirigliano 05 cos 6
Jamin 04 Jod O(p )

Bijnens 03
Of%)  |f,(0) Vys| =0.2163+0.0005

0.213 0.214 0.215 0.216 0.217

095 096 09.' 098 099 1.00

f, (0)=0.959+0.005 Viys| = 0.2255 +0.0014

f,(0)=0.97 £0.01 Vys| = 0.2230+0.0024



(Marciano 04)

:_% 0.2763+ 0.0005 |://—“5| =0.2316+0.0012

<O‘d|’) U ‘P(k)> i fp K- | S Cirigliano-NeufeIcII

f/f - gl
144 146 148 120 122 124 126 = ) ,.---/IVLE/VudKsz/'ITuz}

C ETM 10E

MILC 10
RBC/UKQCD 10A
BMW 10
JLQCD/TWQCD 09A
MILC 09A

MILC 09

Aubin 08

PACS-CS 08, 08A
RBC/UKQCD 08
HPQCD/UKQCD 07

Mo o8 j [Vus|(Ki3) :

our estimate for Nf =2+1"

ETM 10D
ETM 09

ETM 07
QCDSF/UKQCD 07 I |VUd|(O+_’ 0+) T

HH our estimate for N, = 2!

~—
+
-—
+
(a3}

N=

1.14 116 1.18 1_210 122 124 126 v 0 [ | P | I - L !
0971 0972 0973 0.974 0.975 0976 0977

f./f =1.193+0.005 (FLAG 2011) V 4
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e TSV, ALEPH
1 Kn
m K2n
m K3n + K™ (MC)
— K4n (MC)
— K5 (MC)

<+ OPAL

+ (K) from PDG
[l (Kn+Kn)~
B (Knan+Knn)~
D (Knrm)™

Rr RT ms2 m?
s (GeV? RT = |V U(|j2 B |V S|2 ~ 24 # A(CZS)
ud us T
~
Vsl =
Z' ud _5Rth
Vo > V5| =0.2166 +£0.0019,,, +0.0005,,

M, (2Gev) =96 10 MeVJ

Simultaneous m¢ & V. fit possible with better data

The t could give the most precise V| determination



D> miv Lattice input

— lattice QCD [Fermilab/MILC, hep-ph/0408306]
experiment [Belle, hey

D — Kiv
ILC, hep-ph/0408306]

experiment [Belle, hep-ex/0510003]
experiment [CLEO:

experiment [BaBar, 0704.0020 [hep-ex]]
experiment [C 3 [hey experiment [CLEO-¢, 0810.387¢

x]]
I|u|!—\:\||£

\V/ =0.98+0.10

CS DKy

3070509013 3070509-012

=0.229+0.025

cd Dorlv

1

q? (GeV?) q* (GeV?)

PDG 2012:
=0.230+0.011 Ve —1.006 +0.023

D—>Klv,Dg—lv

‘Vcd

VC—> 1L



n

cb

.
(=]

F(1)X |V _[[107]

(
(p

ALEPH

yd
//

[

0

G(1) =1.07440.024 (FNAL / MILC)
F(1) =0.908+0.017  (MILC)

\

b ‘excl

/)

QCD Symmetries

at l/I\/IQ — 0
HQET
G(l) |Vcb| —

(42.64+1.53)x10°°

BF.I?I,EH-\“I\R e F(l) |VCb | p—
(35.90+0.45)x10™°

2

p

|V, |=(39.70+1.42, +0.89,)-10°°
|V, |=(39.54+0.50,,, +0.74,)-10°

=(39.6+0.8)-107°



(OPE, HQET)

Fits to lepton energy,
hadronic invariant mass and
photon energy moments

0.042

V| =(41.94£0.7)-107°

X, 7Y constraint
m, constraint

| 1.9 o discrepancy with
ass T Tae exclusive measurement

V.| =(40.9+1.1)-10""



* B data
[B—X,ev
bB—X,ev
|Secondaries
tlCombinatorial
“IContinuum

CLEO (E,)
4.19+049+0.26-0.34
BELLE sim. ann. (m,. q?)
446+047+0.25-0.27

Entries per 0.1 GeV/c
g8 8

=)

447+0.27+0.1
BABAR (m_

= Large backgrounds from B — X_.lv
= Strong experimental cuts
» Large theoretical uncertainties

HFAG

PDG 2012: \n

=(4.41£015%%)-10°°
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Inclusive |Vub|

Use m¢, mp, U2 from B— Xv and

CLEO &) ® Agreement between experiments!

393+046+022-029

BELLE sim, ann. (n, .. @) ® Theory: Error (5-7%) dominated by m.,

437+046+023-026
BELLE (E) : 2
%_?gfkﬂg(;.n-o.zz mMp, Uz
4.2910.24:0‘18—0.24 ] .

BELLE multivariate (p%) | ® Experiment: Error from B—p/w/n v,

454+027+0.10-0.11

BABAR (m,<1 53 non-resonant. & high X, mass region

408 +0.19+0.20-021
BABAR (m_<1.7) g
39420224016 -0.17 ! (unmeasured)
BABAR (m, <17, q>8) ;
4170224022025

?.%T(‘E_%(To{gbﬁ? b | Vun | Differential Models
BLNP:NP B699, 335 (2004)

BABAR (111X, q? fit, p*>1GeV)

435+024+009-0.10 ' i

e . o DGE: JHEP 0601, 096 (2006)
e e ¢ oo heory e g ‘ GGOU: JHEP 0710, 058 (2007)

B et 80 B N G HFAG Y/ \\| |ADFR: Eur. Phys. J. C59, 831 (2009)
] | ] ] ] | 1 | ) _ / .
2 4 6
IV | [x107]
ub

4 approaches:
BLNP, DGE, GGOU (above), ADFR

cnl _ . Semileptonic B decays, IUPAP Prize, ICHEP 2012 univefstatm




Large theoretical uncertainties

c§|_" Belle untagged (13 bins)

% BaBar untagged (12 bins)

0] BaBar untagged (6 bins)

~ BCL fit (3+1 par.)

Y FNAL/MILC PDG 2012:

~

& ;
— + 10~

Vil = (3.23£0.31)-10

Vyp|=(4.15+0.49) 107



|Vub| Summary

HEAG Il Fange ® Alncl.~6% (1from 18% in 2004)
AExcl.~10%

—e——j Belle:454:02755 Up to 2-3 o difference between
GGOU:p>1.0 G&\g E l l [
H—e—H WA4 .39 = 0,157 xcl.-Incl.

GGOU: HFAG EOF2011

Inclusive

HFAG Excl. Range

® Variation on WA in inclusive is
-0.31

Untagged, LGSR substantial, but theory agrees

Belle:3.38 = 0.14°0
Bol:538 0. very well for p>1.0

WA:3.40 = 0.07735] measurements (pure OPE)
HFAG EOF2011 LCSR

WA:3.30 = 0.30
HFAG EOF2011 Global Fit

Belle:3.44 = 0.10%5

Exclusive

® New Belle results on B—=T1V

B— 1 v:3.87 « 0.53 « 0.09 @ICHEP 2012 in agreement with

Belle, Lat.Ave. ICHEP 2012 ,
42120422010 both methods. (See M.Nakao’s talk).

" WA (private), Lat. Ave. ICHEP 2012 ALeptonic.~1 00/0!!

B—r1v

CKMfitter:3.41 2!

-010
Winter 2012

—o— UTFIT:3.69 + 0.10
Summer 2012

359 4 45 5 55 6

f

L Fitters

W -CKM

PRD 83:094031 (2011) JHEP 0710:058 (2007)

LCSR: Khodjamirian etal. g2<12  GGOU: Gambino et al. I v I X 1 0
ub

Semileptonic B decays, [IUPAP Prize, ICHEP 2012 Phillip URQUIJO 21 unwersitatﬂ




BaBar [468M]
(2010) semilep-tag

BaBar [468M]
(2012) hadronic-tag

BaBar (combined)
with correlations

Belle [657M]
(2010) semilep-tag
Belle [772M]
(2012) hadronic-tag

Belle (combined)
with correlations

W.A.

private average (MN)

——

i
SM (1.20+0.25)x10™
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becomes much smaller
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¥

‘Vud‘z + ‘Vus‘z + ‘Vub

‘ 2

Flavour Physics & CP

CKM entry Value Source
|Vl 0.97425 +0.00022 Nuclear S decay
0.9773+0.0017 n—pe Vv,
0.9741+0.0026 rt > ey,
|Vl 0.2255+0.0014 K—reV,
0.2166 +0.0020 7 decays
0.2256 +0.0012 K/z— uv, Lattice
V4| 0.230+0.011 vd - c X
0.229 £0.025 D — zlv, Lattice
\N 1.006 +0.023 D—>Klv,D,—lv, Lattice
V| 0.0396+0.0008 B— D /DIy,
0.0419 +0.0007 b—>cly
0.0409 +0.0011
Vo 0.00323 +0.00031 B->7zlV,
0.00441+0.00032 b—>uly,
0.00415 +0.00049
Vil [VE v | >0.92 (95% CL) t —bW /t - qW
| V| 0.89+0.07 PP — th+ X
2 2
— 1.0000 +0.0007 Z(\vuj + |V, ) = 2.002+0.027 (LEP)
J

A. Pich — TAE 2012




Hierarchical Structure

1-2%/2 A AA(p-in)|
V =~ A 1-2%2 A2 + (’)(/14)
AL (1-p—in) —-AA° 1
A~sin@,~0226 ; A~080 ; p’+n*~045

c
(@
—
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QUARK MIXING MATRIX

® N, x Ng

V-V =Vvi.v =1

V.  Physical Parameters:

% Ng (Ng — 1) Moduli

Flavour Physics & CP

parameters

Vij N ei(ﬁj—¢i) Vij

%(NG — 1) (N, - 2) phases

A. Pich — TAE 2012
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e N.=2: 1 angle, 0 phases (Cabibbo)
cos . sin 6,
Vo= {—sin 6. COoS HJ N Qf;'

e N.=3: 3 angles, 1 phase (CKM) c¢y=cos§; ; s;=sing,

_ —i5£3_
C12 C13 812 Cl3 S13 €

_ 1013 1013
V - _512 C23 i C12 S23 S13 € C12 C23 - S12 S23 S13 € S23 C13

ss—ccseig13 —cs—scsei&13 C..C
12 ~23 12 ~¥23 ~13 12 ~23 12 ¥23 ~13 23 Y13

1-22/2 A AA (p-in)]
~ ) 1-422  AA? + (9(/14)
AL (L—p—in) —-AA? 1

A~sin@. ~0.226 ; A~0.80 ; \p?+n®~0.45 0., 20 (7 #0) ¢>
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® C,P: Violated maximally in weak interactions
® CP: Symmetry of nearly all observed phenomena
® Slight (~0.2%) ¢P in K° decays (1964)

® Sizeable C# in B° decays (2001)

® Huge Matter— Antimatter Asymmetry
In our Universe Baryogenesis

CP7 Theorem: P T

Thus, C;I‘ requires: = Complex Phases

= |nterferences

Flavour Physics & CP A. Pich — TAE 2012
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Standard Model C%D: 3 fermion families needed

v H(M?) - H(M?) - J = 0
HMZ) = (mf —m¢) (mZ —mg) (m¢ —m)
H(Mg) = (mj—mZ) (mi—mj) (m;—mg)

J =€,y €y Cyy S Sy5 53 SIN Gy, = | A°A%| < 107

- Low-Energy Phenomena
« Small Effects ~ J
* Big Asymmetries Suppressed Decays

« B Decays are an optimal place for C%D signals

Flavour Physics & CP A. Pich — TAE 2012 45
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