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Motivation

Precise experiments at low-E can be sensitive probes of high (unreachable) E’s.

History supports that repeatedly:

Discovery (Low-E) New Physics (Prediction & discovery)

CPV (Cronin & Fitch, ‘64) 3rd generation of g’'s & I's (Kobayashi & Maskawa, ‘73)
-FCNC in SM & |AS|=1>>|AS|=2 GIM (1970)—c (J/¥ at SLAC & Fermilab ‘70)

N

m(K,)-m(Ky) m.~1.5 GeV, OK with
B,-B, (ARGUS, DESY, 1987) m>M,, OK with t in ‘95

CPV in B, (CDF, Fermilab ‘06) CPV = CKM (MFV)

Idea: Searching for forbidden processes in the SM + accurate measurements of allowed
rare decays confronted to precise calculations as signs of New Physics.
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Motivation

There are hints of New Physics in the related (b—s y exclusive) decays:
Bs—uu, B>K*up, B—KII.

This might be because poorly understood non-perturbative QCD effects.
Of course it might be New Physics.

Then, Lepton Universality breaking can be related to Lepton Flavor Violating
signals (Glashow et. al. “14)

It is worth to have a closer look to these processes

Caveat: In ad-hoc models one can have sizable LUV in B decays and respect
the bounds from BR(n—ev,(y))/(t—uv (y)) [PIENU PRL15], (although some
effects in K decays should be seen).

Long distance contribution to semileptonic heavy-meson decays Pablo Roig



Weak effective Hamiltonian for FCNC
transitions involving heavy flavors
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p_

(e) (d)

FIG. 1. Short-distance contributions to B~ — P~{7{~ decays are shown in (a) (penguin) and (b)
(W box) diagrams. The one-photon, LD, contributions are shown in (¢) and (d). The full circle
denotes the electromagnetic form factor of the charged pseudoscalar mesons. Other long-distance

structure-dependent vector and axial-vector terms do not contribute due to gange invariance [18].

_ o _ _ (Ecker, Pich & de Rafael '87)
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Weak effective Hamiltonian approach for the |AB|=1 transitions
(Chetyrkin, Misiak, Munz '97; Beneke, Feldmann & Seidel ‘01, ‘05)
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MI[B — Kl = ((p_)l(ps ) K (px) | Het| B(pp)) € = (- + 1)’

In the large recoil region: Ex>>Aqcp, °<<Mg?

'
Expansion of y*-exchange in 1/ E, using QCDF, SCET (Bauer, Fleming, Pirjol & Stewart ‘01)

In the m,—< limit, only one soft form factor is relevant (Charles et. al. ‘99, Beneke & Feldmann ‘01)
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M[B — KlI] = (l(p_)(p+)K (px)[Het| B(pp)) @ = (P +14)°

In the large recoil region: Ex>>Aqcp, °<<Mg?

'
Expansion of y*-exchange in 1/ E, using QCDF, SCET (Bauer, Fleming, Pirjol & Stewart ‘01)

In the m,—< limit, only one soft form factor is relevant (Charles et. al. ‘99, Beneke & Feldmann ‘01)
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To a very good approximation, with
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M[B — K| = i=£2
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To a very good approximation, with
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Fa=Cio Fy=Cy+ in the SM
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G’ ey
M[B — K| = i=£2

‘J?r be’tc Eplg ) (FL PB 1 '#3] ‘|'F~1PB[ T uﬂ)

To a very good approximation, with

2my, Tp(g°) in the SM
1 2
Mg &p(q*) ) (Weak-annihilation

l 71,...,6 contributions)

' of f( flf -y
7o) (¢%) = £p(d?) [CTH{D:' + 5% {DJ(QE)}

Fa=Cio Fy,=0Cy+

Qm.b

Cy — C,° (Buras, Munz ‘95)

NNLL NLO
(Beneke, Feldmann & Seidel ‘01)
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To a very good approximation

@ The leading contribution comes from the Oy and Oy,

08 = [qvubillv"d, 0% = [aubul[ir+s)

@ The g* dependence of the form factors ép, Fy/, and F4 may be

computed sing HQET. QCDF and LCSM 3,317 sy

0.918 0.675
0) = T 2532 GV~ 1= /(618 Gev)z T ~\9)
(q?) — 0.0541 0.2166 + Ple?)

1 —q?/(5.41 GeV)? " [1— q2/(5.41 GeV)?]?

Fi= Cyo=—4312 Fy=~C =4.214
(Beneke et. al. ‘01)

o Where Pp(qg?) is a g% polynomial: Co and Cypo are taken at NNLL
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(Bobeth, Hiller & Piranishvili '07) (Khodjamirian, ‘07)

Then it comes the LHCb result:
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1 < q2 < 6 GeV?

Then it comes the LHCb result: E’kHCb — ﬂ.?45+g:ggg T+ 0.036 26
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~ Effective Weak b — d Hamiltonian N\
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e (1 ( Fermi constant), C;(p) ( Wilson coefficients), and O;( ;)
(dimension-six operators) are the same (modulo s — d) as in H,;

e However, the CKM structure of the matrix elements more interesting in
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H, ', as VipVia ~ Vi Vg ~ A\ are of the same order in \ = sin 65

e Anticipate sizable CP-violating asymmetries in b — d transitions
compared to b — s

J
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‘New’ long distance contribution:

recalling K* > = I* I

(Ecker, Pich & de Rafael '87)

‘Everything’ is long-distance
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It is immediately obvious that the amplitude for K — 7%y’ vanishes at the tree

level. What is probably not so obvious is that the same is true for the K* = o "y’

amplitude. The three diagrams of fig. 1 lead to the following tree level amplitude

] i
Gof(p+p)u 2ie + 2ip*———ie+ i 2ip" 3.1
Effr(P P )n te Ip pz_“mife IEP,E_ME{ ip ] ( )

(a) (b) (c)

which is exactly zero for all ¢* as long as p*= Mg, p’> =m?2 (on-shell mesons).

Fig. 1. Tree level diagrams for K — 7°y".

ftq:- ¥iq) ! ¥{q)
— -

K{p) T (p’) Kip) mip) mip) Ki{p) K(p) mip)

(a) (b) (c)

This holds trivially the same in our cases of interest: (B(C)/D(S))i — (W/K) I+ I-
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Lorentz + em gauge invariance imply
K(p)—-=(p)+y'(q), p*=Mg, pr=mi, g*#0

. dynamics
has the form ViV Al = %

A =1 Gesieie;g5eF* (q)( pip, — popl) o (g% /Mg, m2/ME ),
where F*(g) = e*g” — e'¢g* and ¢" denotes the photon polarization vector.
With A~ et V(o) V(. q)=[q*(p+p)u— (ME—m2)q,|(q>/ME, m2/ME)

- A(K-oaf*l7 )= GS“-’I’;(Pa q) (;;_l)_i:r(—fg)ﬂ(k)‘nv(k')

This part does not contribute to the amplitude because of gauge invariance

- V.(p.q) ~q*(p+p).9(a°/ Mg, mi/Mg)
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Penguin type (when quark structure is resolved)

¥lal
K m
. —
K(p) T (P')
(a)
¥(a)
K, 70
— e
K{p) (P
(ad)

¥(a) ¥(a)
- K
T K
K i
K(p) (e K({p) n(p)
(b) (€]
¥(q)

K,

Kip) mip’)

(e) (f)

K(e) wlp) m(p) K{p)

Meson em
FF type

Fig. 2. One-loop diagrams for K — #*y” which can lead to terms in the amplitude proportional to
g (p+ p"),- The notation for vertices is as in fig. 1.
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Penguin type (when quark structure is resolved)

¥(a)
K o
. —
K(p) T (P')
(a)
¥(a)
K,
— e
K{p) 7t (p’)
(d)

¥(a) ¥(a)
1 K
T
K K bl
K(p) (e K({p) n(p)
(b) (e)
K ¥(a)
K, T
K(p) m(p) m(p)
\ (e) (f)

Fig. 2. One-loop diagrams for K — o'y’ which ¢
g (p+ p"),- The notation for vertices

to terms in the amplitude pr

Meson em
FF type

This is the ‘new’ contribution we consider in (B /D)~ — (n/K™) I* I decays
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Application to (B /D)~ — (n/K=) I* |- decays

Long distance contribution to semileptonic heavy-meson decays Pablo Roig



e ; g )
] ]
(a) (b) (c)
Vanish
due to < g é >
gauge — -
invariance (al ()
\_ ] (] %
(f) (a) (h)
Meson em Non-factorizable
FF type contributions
- n . ‘/suppressed in 1/Nc

“} y tb%_—_ﬁl {k'}

FIG. 2. Some of the Feynman diagrams contributing to the effective hadronic electromagnetic

Bt — P*~* vertex. Single lines stand for pseudoscalar mesons, double lines for (axial- Jvector
resonances and wavy lines for the virtual photon (due to the spin-one nature of the weak current,
gpin-zero resonance contributions are suppressed). Filled squares denote the weak felectromarnetic
vertex, while the empty rectangles denote the WA Hamiltonian. All contributions to the Bt -
Pty decays (including the pointlike interactions in the first line) vanish due to gauge invariance
|21| or are suppressed, except diagrams (i) and (j) which contribute to the electromagnetic form
factors of pseudoscalar mesons. Odd-intrinsic parity viclating vertices are also considered in the
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AVAVAY AVAVAY.

Meson em FF
<B(Pp)|j*em|B(Pg)>=F\2(0?)(Pg+Pp)*~ F\B(0?) 2 Pg¥

<P (Pp)|j*emlP (Pg)>=F\"(9%)(Pg+Pp)'~ F\"(0g?) 2 Pg*

Long distance contribution to semileptonic heavy-meson decays Pablo Roig



/ .{. (P = K,m) /
: .:- “5 F_.:

AVAVAY
/

Weak annihilation

<P~(Pp)[[#,]0><0j,,[B(Pp)>=G¢/\2 Fy F
<P(P)|}#4/0><0}j,|B-(Pg)>=G/N2 Fp FB

Long distance contribution to semileptonic heavy-meson decays Pablo Roig



f

/ . (P = K.m)

B 5 W P B 51}
””"”“”\ /W“

Meson propagator

/L

-

i/(P2-Mg2)=i/(Mp2-Mg2) <« Relative sign ——  i/[(P?-Mp?2)=i/(Mg2-Mp?)
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3—5' W p- B- 5!?‘
A AW

Mip = V2Gr(Ama)VuVop fi quz{_m% ) (Mg (Fp(q®) — 1) —mp (Flq®) — 1)] plplv.t

Pure scalar QED (point meson) vanishes as well as other V and A SD LD contributions

As dictated by gauge invariance
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B- 5 i P- B- p-
AWV AV

Kinematical & dynamical suppression

R 1 , -
Myp = V2Gp(Ama)VuVip fefr S — ) (Mg (Fp(g°) — 1) — mp (Eplg*y=T1)| plgly,¢

g-(mp — mp

o i ;
S0: MIB — Kll] = iV, V, €p(c?) (FL oty yall + Farly [f“msif]l)
V 2
!
ép(q°)Fv — Ep(q*) Fy + kpmi, Fp[qqﬁj 1]
o < O\2) for P = K
kp — ]2 'Iaubl ulD fEfP ~ Kp ~ (f)“[]—i) :;unhtui.}
VaVip my — mb D ~QOQ(A") for P=m

A=V ~0.2255
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f

/, (P = K,
.
B 5 W p

ANV

)

B 5 P
AN\

Kinematical & dynamical suppression

o oo 1 9 - 9 —
Mip = V’QGF(4ﬁﬁ'ﬂ-’ub1’mf3fpqg{mg 7 (Mg (Fp(q®) — 1) — mp (Eplg™y=T)] plplv.l

B — Mp,

Two different approaches are used for these F
» Resonance Chiral Theory (Ecker et. al. ‘88 &

» Gounaris-Sakurai parametrizations ("68)

v

Fs:
‘89)

They are important in the 1 GeV region, where theory is better controlled
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FIG. 2. RxT and GS parametrization (BaBar fit) of the electromagnetic pion form factor as a

function of my = ﬁq_E are compared to experimental data from BABAR [31].
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FIG. 3. RyT and GS parametrization (BaBar fit) of the electromagnetic kaon form factor as a

function of my = a,'ft;_3 are compared to experimental data from BABAR [33].

Long distance contribution to semileptonic heavy-meson decays Pablo Roig



From Gomez-Dumm & Roig ’12 (See also TAUOLA papers)
Tan[Im(F,*(s))/Re(F,(s))]

150 Estabrooks and Martin (s) | e B
) Estabrooks and Martin (t) =% |
Ochs et al. i;EE ]
- Protopopescu et al. £

— Our expression (Fit IT) i% i
Garcia-Martin et al. / i
— 100F 7 _
S - ¥ ]

2 J
¥ ;. ]

= £
-3 B 4/ ) |
50 7 _
_ P _
- - i
_.;_.-"
i r=F° 7]
o= =
a ==F i
- 'l - |
’ 0.5
Vs (GeV)

Similarly for Tan-[Im(F,X(s))/Re(F,"(s))]
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It is important only for g2<0.3 GeV?
and its effect is always smaller than
the SD contribution

ROM =1+ (3.0759) x 107*

Rp(LD) —1 = O(1075) for P= K or =

(/) dl/dm, ) (GeV ")

There is a huge breaking

of Lepton Universality
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Matching of the LD & SD Weak Annihilation contributions

B W P B 5 P
AVAVAY AVAVAY, For q2<q2matching
b d/s
(y goes
% >< For q2>q2matching wherever
v m m possible)
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Matching of the LD & SD Weak Annihilation contributions

¥
/ , (P = K,m) /
,
B W P B p
AN AN For 92<0?atching

b d/s
% >< For q2>q2matching
Y — _
u u

1 " T T T 2
5 -—- Imagmary part
i --- Real part .
z b
. :
% _ i A -
] b
b
b
= 1i vy T e — 1]
]
i
] 1 ] | |
a 1 3 i :
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TABLE 1. Integrated branching ratios of B~ — P f7# decays for P = 7 (left hand side) and
P = K (right hand =side) for different qz ranges. We tabulate separately the QCDf | long-distance
WA (LD) and their interference contributions for the kinematical ranges of interest.

B~ —w £tE B~ — K ite

0.05 < g° < & QeV* 1< q® <8 GeV? 1< q® <6 GeV?
LD (9.06 +0.15) - 10-Y (4.74 £0.05) - 1010 [{L70 £ 0.21) - 107
interf. (-2.57 £0.13) - 1079 [(-2%).10-10 (—6£2)-10-1
QUDf (9.577153) - 1078 (843758 1078 <.;1.9[]t3;§§‘;. x m-N>
Total (1.611013) - 1075 (260053 107® (1.921083) 1077

It is a 1% correction, current accuracy is insensitive to it! Still ideal place to look for NP!
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TABLE 1. Integrated branching ratios of B~ — P~ f¥# decays for P

m (left hand side) and
lil':l'

K (right hand side) for different qz ranges. We tabulate separately the QCDf | long-distance
WA (LD) and their interference contributions for the kinematical ranges of interest.

B~ —w £tE B~ — K ite
0.05 < g° < & QeV* 1< q® <8 GeV? 1< q® <6 GeV?
LD (0.06 +0.15) - 10— (4.74 £0.05) - 1010 [{L70 £ 0.21) - 107
interf. (—2.57 £0.13) - 10-%  [{—2t%}.10-10 (—6 + 2) - 1011
QUDf (9.577153) - 1078 <’-::ea..1:at.5;;1}§;. - 10™ (LO0F0EY) 1077
Total (1.611013) - 1075 (260053 1070 (1921088 1077

v

This is a 3% correction. It can be controlled, so it is a good place to search for NP!
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TABLE 1. Integrated branching ratios of B~ — P {7f decays for P = w (left hand side) and
P = K (right hand side) for different qz ranges. We tabulate separately the QCDf |, long-distance
WA (LD) and their interference contributions for the kinematical ranges of interest.

B~ = a i B~ — Kt
0.05 < g* < 8§ QeV* 1 < q® <8 QeV*® 1 < q* <6 QeV*®
LD (9.06 £0.15) - 10—# (4.74 + 0.05) - 1010 (1.7T0 +£0.21) - 102
interf. (—2.57 £0.13) - 1072 [(-2%%).10-10 (—6+2)-10-1
QCDF ::-r g3t o 0® (190710583 » 1077
Total < (1. (R.60+53) 10" (1.92+083) « 1077

This is a 68% correction. It is better to take g?>1 GeV? to probe short-distance physics!

Our prediction is closer to current LHCb data than other analyses (Ali et. al. ‘13)

v
\ B(B- wnm utp )=(23£06%0.1) x 10~*
B(B™ — o {-%LE‘) = (2. G+ng w 10~8 (fully integrated rates)
T+ LD

BR*M(SD) = (1.887232) x 1078
LHCb’'15: (1.83+0.25)x10
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CP VIOLATION

[(Bt = PH+(~) —T(B~ = P~ 0+()
[(Bt — Ptti-) + (B~ — P+

Aep(P) =
Acp = [P(B* — PHHT) = (B~ — P=0*(7)]

— 3 }QEGFfpr:zﬂl {1 Eb-[‘ tﬂl ubl uﬂ'}
hrzqi

1
d ds Pn-P.\(Pp- P B
< [ag [ uwg_mp]l[{g )(Pg - Py — Mo

¥ Xm {f_p JFyv (g ) [J‘fB (FP( :' — 1) mF (FE - 1)]}

(TE+29%, forP=m 1<qg° <8GeV:

(161 +1.9)%, for P=m, 0.05 < ¢* <8 GeV*™,
.4{ Pl P]
(—1.0+03%. for P=K, 1<qg* <6 GeV>%

4/  Hou et. al. ‘14

(g2, .a>_.) | Ref [24] | Our results
(1,8) GeV? 13+2 781+29 §
(1,6) GeV?2 16 +2 02+1.7 {I-*J-Htg:al'ﬁ Khodjamirian
(2,6) GeV? 13+2 7.7+0.5 et. al.’15
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CP VIOLATION

(BT — Ptté-) —I(B- — P {ti)
['(BY = PHt{~)+ (B~ — P~ {+{)

Aep(P) =
Acp = [P(B* — PHHT) = (B~ — P=0*(7)]

— 3 }QEGFfpr:zﬂl {1 Eb-[‘ tﬂl ubl uﬂ'}
hrzqi

1
d ds Pn-P.\(Pp- P B
< [ag [ uwg_mp]l[{g )(Pg - Py — Mo

¥ Xm {f_p JFyv (g ) [J‘fB (FP( :' — 1) mF (FE - 1)]}

(TE+29%, forP=m 1<qg° <8GeV:

(161 +1.9)%, for P=m, 0.05 < ¢* <8 GeV*™,
.4{ Pl P]
(—1.0+03%. for P=K, 1<qg* <6 GeV>%

. Hou et. al. “14

(g2, .a>_.) | Ref [24] | Our results
LHCb15 (1.8) GeVZ | 13+2 | 78+20
Acp=0m1£012:00 P =T | pgeve | 1649 | o2+1r | (143335 Khodjamirian
(2,6) GeV? 13+2 7.7+ 0.5 et. al.’15
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(Bc/D(S)) 2 —> (71Z/K)i |+ |- In progress...

Long-distance dynamics is basically unchanged, however SD contributions are heavily
suppressed in some of the channels because:

- there is no spectator quark: (B.,D.)* > n~, (B,,D)* > K~
And just suppressed in some others because:

« the CKMs are tiny: D* > 5, D, > K~ Small

C — Uy transitions — V, V,;, f(my)+ Vo Vs f(M)+ V4 V4 F(My)

!

o) o)

Sizeable

We give definite prediction for these decays BRs:

(2.67+0.04)10%, (1.2610.%3.0810.19)10-7 & (1.06+0.10)107

Only the non-resonant component has been studied by LHCDb
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(Bc/D(S)) 2 —> (71Z/K)i |+ |- In progress...

Long-distance dynamics is basically unchanged, however SD contributions are heavily
suppressed in some of the channels because:

- there is no spectator quark: (B.,D.)* > n~, (B,,D)* > K~
And just suppressed in some others because:

- the CKMs are tiny: D* >+, D;* > K~

C — Uy transitions — V, V,, f(mb)+Q/CS Vs f(m)+ V4 Vg f(mdj)

Main contribution through excitation of a light resonance in the d/s quark loops
Lim, Morozumi & Sanda ‘89

In these decays our LD mechanism and the SD(LD) contribution interfere!

D* - n*I*I-dominated by SD(LD), D.* — K =I* |- dominated by our LD contribution

Phenomenological analysis in progress
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Conclusions

@ Our analysis shows that new physics studies should be restricted to
the [1,8] GeV? range.

@ [he new contribution is important to understand the current LHCb
measurement.

@ LHCb could be able to measure this LD effect on the next run in the
[1,8] GeV? range.

B — Kiti—

@ LHCb might be sensitive to our contribution, but not in the next run.

@ [his Long Distance contribution will not affect the search for new
physics in the [1,6] GeV? region.

@ [hereis a significant CP asymmetry for m and K that has to be taken
into account in the search for new physics.

—  Sharp predictions for (B./D,))~ — (/K*) I* I to be tested at LHCb & Belle-II
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SKIPPED
SLIDES



MOTIVACION

Experimentos precisos a bajas energias pueden ser sondas precisas
de fisica a energias inaccesibles directamente. Ejemplos historicos:

IDEA: Busqueda de procesos prohibidos o de pequefias desviaciones al SM

en procesos muy raros como signos de Nueva Fisica.
HERRAMIENTAS: Medidas y calculos ultraprecisos.(FACTOR LIMITANTE: QCD no perturbativa

La Fisica de Sabor puede probar E > E(LHC). Efectos virtuales de nuevas particulas
modifican ligeramente las predicciones del SM.

Si LHC encuentra Nueva Fisica, las factorias de sabor la caracterizaran.

Si LHC no la encuentra, las factorias de sabor pueden ser sensibles a E > E(LHC)
utilizando haces muy intensos.

QCD no perturbativa en busqueda de Nueva Fisica Pablo Roig Garcés



MOTIVACION tsiderinin
D

AF=2 Cij — 2
AGD Of{i(SM fields) AT =2 73(Qui QL)
1]

Log=Lsm+ Y

FORMALISMO BDE TEORIAS|EFECTIVAS] Mas general posible, sistematica, control de los errores, ...

Expansiongn potencias inversas de la escala de Nueva Fisica.

Coeficientes calculables perturhativarr\ente. En principio con tanta precision como uno quiera.

Operadores con los g.d.l. relevantes cuyos elementos de matriz deben calcularse no
perturbativamente: constantes de desintegracion, factores de forma, ... Su precision deberia ser
comparable a la del experimento! 5i no, se pierde la sensibilidad a Nueva Fisica!

CPV & OSCILACIONES EN Ks, Bs & Ds: EJEMPLO CLARO DONDE SON IMPORTANTES
TANTO EL INPUT PERTURBATIVO ELECTRODEBIL (CORTAS DISTANCIAS)
COMO EL DE QCD NO PERTURBATIVA (BAJAS ENERGIAS)

QCD no perturbativa en busqueda de Nueva Fisica Pablo Roig Garcés



Ceff = LsMm + Z % Oﬁd}(SI\-’I fields)

MOTIVACION

(d)

&ﬁ"ﬁF:E _

Isidori, Nir,
Pérez ‘10

PU (QL;F}”“ QLJ }

iséJ

———
Operator |Bounds on A@r_ﬁ = 1)|Bounds on ¢;; (A =1TeV)| Observables
RN TN | BEN BN
(spy%ds)? | 9.8/ 102 \ 1.6 k 104 \ 9.0 k 10 ?\ 3.4 10 9\ Amic; ex
(FrdL)(5LdR) l,exc(ll}*" :Lﬁ 107 {i,ﬁ 102 Q.Hﬁ:ll—” Ami; ex
(Ery*ur)? 1.9 x 10° 2.9 x 10° 5.8 10°7 | 1.0 < 10~7 | |Amp; |g/p|, dp
(Er ur)(Erur) Ei.j x 10° l.j % 10* S.j}{ 108 I.T x 107% | |Amp; |g/p|, ép

(bpy*dp)? | 5.1\x 10? 3311075 | 1.0 x10-8 Amp,; Sek-
(b dL)(brdg) 1,9\ S.G\ 10—?/ 1.7 10—?/ Ampg,: Spk.
(bry#s1.)2 \ 764 10— Amp,

(b sp)(brsg) 1 ,SC 10— Amp,

[ABLE . Bounds on representative dimension-six AF = 2 operators. Bounds on A are quoted assuming an

flective coupling 1/A2, or, alternatively, the bounds on the respective ¢;;’s assuming A = 1 TeV. Ohservables

elated to CPV are separated from the CP conserving ones with semicolons.

QCD no perturbativa en busqueda de Nueva Fisica
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MOTIVACION et
Cet = LsM + Z {d y O(d} (SM fields) ? Tension con escalas requeridas

para estabilizar EWSB (M,,)

Operator Bound o Ohservahles
HY (DpY YY"t 0,,QL) (eF.) B— X,y, B— X
QLY Y 4,0L) 50 TeV\ | ex, Amp,, Ampg,

H}, (DrY4Y*Y*l0,,T°Qr) (9,G2,)| | 3.4 TeV || B = Xy, B - X £%¢
(QLY*Y*14,.Qr) (Ery.Er) 27TeV || B— X676, B, 5> ptu
i (@Y Y*7.QL) H; D Hy 23TeV || B— X676, B, 5> utu

1.7 TeV
5 Te\

B— X 67¢, B, - nutpu-
B — X. 7™

(@Y Y"1y, QL) (Lrv.ly)
(QrY"Y"17.Qr) (eDuFu )
'ABLE II: Bounds on the scale of new physics (at 95% C.L.) for some representative AF = 1 [27] and
\F = 2 [12]pera,Lu1*s {MHUHHII@E coupling +1/A%) Jand corresponding observables used to

et the bounds.

La Nueva Fisica o se da a muy altas energias, o es muy débilmente
acoplada o se parece muchisimo al SM (en la estructura de sabor).

QCD no perturbativa en busqueda de Nueva Fisica Pablo Roig Garceés



