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Neutral-Current B-anomalies
b—sutu

Lepton Flavor Universality ratios

o BB = KWutur)
B(B — K®ete)

C/ean SM prediction: 7 + O(1%)

Bordone, Isidori, Pattori 2016
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Neutral-Current B-anomalies
b—sutp

It NP, then a contribution to this LH operator is necessary

el%s  Gra

AL Van

APM ~ 12 TeV

Vi Vis(ACY — ACH,)

simplified fit of clean observables

R(K), R(K*), Bs—up ~
702 e ML (Abs)beSt'ﬁt (ws=0) =~ 38 TeV
Adding also angular distributions and branching ratios:
/4t
(Aps)best-fit (op=0) = 34 TeV
0 D’Amico et al. 1704.05438, Alguero et al. 1903.09578, Alok et al.
1903.09617, Ciuchini et al. 1903.09632, Aebischer et al 1903.10434
—n/4} A non-zero phase is compatible with data.
™ Lo It implies a lower NP scale, the upper limit is due to a
aVp Vi A82 . ' .
) S £/ LA/ not large enough (destructive) interference with SM.



A new flavour structure

The operator(s) responsible for the anomalies are part of an EFT involving all three families

Lxp = Cij(dyyudy) (Bry* i)

l Caa Cas Cap
C = 23 Css Csb

X %
a Co Cob
We are learning about Cs,. What about the rest?

What is the SU(3)q structure of this new flavor breaking term?

To answer, we need to find and study correlations with other
flavor-violating transitions.



Directions in SU(3)q space

sin 6 cos ge!*vd

We can parametrise directions in SU(3)q as: n = | sin @ sin pe'*bs
Via a U(1)s phase redefinition we can always set 713>0 COS 9
0 ¢ [O,g] ., ¢ €1[0,21) , apg € {—g,g} . s € [—g,g}

. . - VZiu
In the mass eigenstate basis of down-quarks: q7 = ( 2 L )
L

quark n ) 6 Qg Qlps

N down (1,0,0) 0 /2 0 0

o ;‘ strange (0,1,0) /2  7/2 0 0

BN bottom (0,0,1) 0 0 0 0
o\ etare(Vun) (Vo 7% VY | 023 1.57 —1.17 —1.17
charm | et &(Ver) (V% V* V*) | 1.80 1.53 —6.2x107* —3.3x107°
\\ ~~~~~~"~\ zarg(‘/tb)(‘/;z"/t;‘/*) 4.92 0.042 —0.018 0.39

| C
| \
' S

The misalignment between down- and up-quarks
is described by the CKM matrix.

{qu} space, neglecting phases
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Lxp = Cij(dpyudy) By pr)

We assume that the flavor matrix
of the semi-leptonic couplings to muons is of rank-one:

n is some (unknown) unitary vector in flavour space SU(3)q.
It selects a direction in that space.

We aim to answer the following question

o

Assuming B-anomalies are reproduced,

"L what are the experimentally allowed directions for n?




Comment on UV realisations

This rank-1 condition is automatically realised L — )\ZQZONP —+ h.(j.

iIn many UV scenarios

% o La |
.~ 2 TTH
T T - Single leptoquark models LD Gip qL,y,ugL Ul + h.c.
Ny X Gip
=
Single vector-like quark mixing LD M;qrVq
1= — |
"f’d /! Loop models with 1 set of mediators £ D )\qu_}J\IJQCI) + h.c.
See e.g. talk by M. Fedele R )\
. and references therein T, X Aj;
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Comment on UV realisations

This rank-1 condition Is automatically realised L — )\ZQZONP —+ h.(j.

in many UV scenarios

NG

LD g, @iy, UL + hec.

T X Gy

Single leptoquark models

Single vector-like quark mixing LD Miq \PQ
n; o< M;
lo= —/ i
LA Loop models with 1 set of mediators £ D X\ioqr ¥YoP + h.c.
See e.g. talk by M. Fedele R
‘1. d // and references therein Nn; X )\’LQ
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| Assuming B-anomalies are reproduced,

.L what are the experimentally allowed directions for n?

\ _ I _ _ o ]

Working in the LEFT ROFV sin 0 cos Geicta

WEFLWET.-)  LRET = Ot (A vy ) (1) = [ sinOsin oo
cos 6

The b-s element is fixed by the anomalies.

/2

For any given n(6, 0, 0bs, 0ba),

we obtain the overall scale C by fitting the anomalies. il

‘ 100p g
C'sp = C'sin 6 cos 0 sin pe'*ts = €A2 = (from fit) /:; 0
bs

—m/4t

Fis |
1 Qps

—r/2




o |
| Assuming B-anomalies are reproduced,

L what are the experimentally allowed directions for n?

\ ) _ , _ — _

Working in the LEFT ROFV sin 0 cos Geicta

WEFLWET.)  LRET = O (dy i) (izy"us) i = sinfsinge
cos 6

The b-s element is fixed by the anomalies.

/2

For any given n(6, 0, 0bs, 0ba),

we obtain the overall scale C by fitting the anomalies. il

' 1y g
Cyp = C'sinf cos 0 sin gpe'bs = ‘ = (from fit) /'éa 0

2
Abs
. . . i —r/4t
Once C is fixed (as a function of n) we _—
predict all other flavor transitions: )2
' 0 20 40 60 80 100
Cap = C'sin 0 cos 6 cos pe**d Aos [TV

Cys = C'sin® 6 sin ¢ cos ¢6i(abd—abs)

We can check if the specific direction in SU(3)q space n
IS experimentally allowed or excluded by observables testing these transitions.



General correlations (LH)

Direct correlations with other didjuu observables

Cab

Im(Cds)
Re(Cus)
Im(Cys)

EEFT

NP — C ﬁz’fb*

Observable

Experimental value/bound

SM prediction

Br(By — ptu

<21 x 1079 (95% CL)

(1.06 + 0.09) x 1010

)
Br(BT — ntp 17 ) g

(4.557100 £ 0.15) x 107°

(6.55 £ 1.25) x 1079

Br(Kg — ptu)

<11 x 1079 (95% CL)

(5.0 £ 1.5) x 10~ 2

Br(Kr — p"p)sp

<25 x%x107?

~ 0.9 x 107?

Br(K; — moutu™)

<38 x 100 (90% CL)

1.417552(0.957057) x 1071

.

5 (dpyudr) (A" i)

sin 0 cos et
sin 6 sin ge'*bs
cos 6

Fix the phases and plot on the angles ¢, @ (it's a semi-sphere in SU(3)q)

|



General correlations (LH)

Direct correlations with other didjuu observables ﬁEFT C n;n *( L%Ldz )(aLy* pr)
Observable Experimental value/bound SM prediction A Si_ngcf)s ¢ezzzd
Con Br(BY — putp) <21x 101 (95% CL) (1.06 £ 0.09) x 10~ 1 A (ffslge
Br(Bt — ntu* o e | (4.557100 £0.15) x 1077 (6.55 &+ 1.25) x 107°
Im(Cy) Br(Kg — u 7o) <11 x 1077 (95% CL) (5.0 1.5) x 10712
Re(Cy) | Br(Kp — u 117 )sD <25x 107" ~ 0.9 x 1077
Im(Css) | Br(Kp — nutu™) <3.8x 1071 (90% CL) | 1.41755:(0.95735;) x 107!

Fix the phases and plot on the angles ¢, @ (it's a semi-sphere in SU(3)q)

(aps=0, apg=0)

Each colored region is excluded by
the respective observable



General correlations (LH)

Direct correlations with other didjuu observables ﬁEET = C’flz’ﬁ;( _iL%d?/::)(ﬂLWMML)

Observable Experimental value/bound SM prediction ) Si.nch)s qbe:;z::l
Con Br(BY — utp) <21x10- 1 (95% CL) (1.06 + 0.09) x 10~ A s;rsl?e
Br(BY — ntputp )ne | (4.557770) £0.15) x 1077 (6.55 & 1.25) x 1077
Im(Cy) | Br(Ks — ptp) <11 x 1079 (95% CL) (5.0 £1.5) x 1012
Re(Ca) | Br(Kp — pp)sp <25 x 107 ~ 0.9 x 107"
Im(Css) | Br(Kp — nutu™) <3.8x 1071 (90% CL) | 1.41755:(0.95735;) x 107!

Fix the phases and plot on the angles ¢, @ (it's a semi-sphere in SU(3)q)

LH — General correlations (aps=0, apg=0)

0 45° 90° 135° 180° 225° 270° 315° 360° (@5 =0, aa=0)
0°F 30° )
Z 7%
< 4
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900‘ 1 1 R it e i 1] 900 i
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IC|""2 [TeV] _

: the respective observable
Btomatup B'-pp Kp-pp Ks—pp Kp—n°pp UQ2)-like



General correlations (LH)

Lxp = C it (dyyudy) (Aey* )

Direct correlations with other didjuu observables

Cab

Im(Cds)
RC( Cds)
Im(Cys)

Observable Experimental value/bound SM prediction
Br(BY — putp) <21x10- 1 (95% CL) (1.06 £ 0.09) x 10~ 1
Br(BY — ntputp )ne | (4.557770) £0.15) x 1077 (6.55 & 1.25) x 1077

Br(Ks — putu™)

<11 x 1077 (95% CL)

(5.0 £ 1.5) x 10~ 12

Br(Ky — p"u”)sp

<25x 1079

~ 0.9 x 107?

Br(K; — noutp™)

< 3.8 x 10-° (90% CL)

1.4179:28(0.95%557) x 10~ 1

LH — General correlations (aps=0, apg=0)
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10°
Z
4 ——___ Region suggested by
\\ - U(2) flavour symmetry or

IBD partial compositeness

luso (close to third generation).
¥ it = (O(Via), O(Viy), O(1))
- - - - &l g0°

0
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General correlations (LH)

Direct correlations with other didjuu observables

Cab

Im(Cds)
Re(Cus)
Im(Cys)

EEFT

Observable

Experimental value/bound

SM prediction

Br(By — ptu”

<21 x 1079 (95% CL)

(1.06 + 0.09) x 1010

)
Br(B™ — mtutu )ue | (4555100 £0.15) x 1077 (6.55 £ 1.25) x 10~°
Br(Kg — ptp™) <11 x 107 (95% CL) (5.0 £1.5) x 10712
Br(K;, — ptu )sp <2.5x 1077 ~ 0.9 x 107°

Br(K; — moutu™)

<38 x 100 (90% CL)

1.417556(0.957557) x 1071

LH — General correlations (aps=0, apg=nr/2)

0O 45° 90° 135° 180° 225° 270° 315° 360°
> 45° 2<3 > > : f 25 | 450
18 '\ g :
& | [ F0O \ o = ,
\ 5
900_@\ ~w —d - BE - =S 190°
0 45° 90o 135o 180° 225° 270° 315° 360°

IC|”1/% [TeV]

Btsrtuu B —uu

¢

Ky —pp

7

U(2)-like

Ks—pu

For complex coefficients,

and Ks—uu

become important
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SMEFT case & mediators

q;, = (Vjul, dy)

LN — CI(govuqh) (BAr2) + CF (@eyu0°q)) (B o) + CA (G vuq)) (nry" pr)

Channel Coeflicient dependencies
The ROFV assumption is Thodpn Cot O CRJ Different processes depend
i _ o s - — on different combinations of
Csrr = Usrr Ml Ui 7 UiPulp Cs+Cr the three overall coefficients
Ui —> Uit Cs —Cr, Cr
Three overall coefficients d; — d;vu, Cs — Cy
w; — djpty, Cr

t
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SMEFT case & mediators

¢, = (Vi di)'

LN — CI(govuqh) (BAr2) + CF (@eyu0°q)) (B o) + CA (G vuq)) (nry" pr)

Channel Coeflicient dependencies
* ' | Different processes depend
Cs+ Cp, C . . :
s RJ on different combinations of

The ROFV assumption is 4 d

1] L Ak ' — o
CS,T,R = CUs,r,r N Ui = UjVulp Cs+Cr the three overall coefficients
Ui —> Uit Cs —Cr, Cr
Three overall coefficients d; — d;vu, Cs — Cy
w; — djpty, Cr

Even assuming a LH solution, the relative size of Cs and Cris a free parameter.

However, didj pu transitions, Also uiuj vuvy transitions,
are directly correlated with bs uu are directly correlated with bs uu
(depend on the same combination of Cs and C7) however no relevant bound exist
C.=Cs+ Cr=Cs (e.g. from D — mwvv)

12



SMEFT case & mediators

¢, = (Vi di)'

LT = Cd (T47.03) (GA*E) + CZ (Gryvu0a)) (GA"o03) + CF (Goyuar) (ry 1r)

Channel Coeflicient dependencies
The ROFV assumption is Lo dn Cot O OR_] Different processes depend
ij C s | —— on different combinations of
Csrr = Usr.r Ml Ui — UjVuly Cs+Cr the three overall coefficients
Ui —> Uit Cs —Cr, Cr
w; — djpty, Cr

13



SMEFT case & mediators

q;, = (‘/;;uij erL)

LT = Cd (T47.03) (GA*E) + CZ (Gryvu0a)) (GA"o03) + CF (Goyuar) (ry 1r)

Channel Coeflicient dependencies
The ROFV assumption is Lo dn Cot O OR_] Different processes depend
ciil o s | —— on different combinations of
ST,R — “ST.R Tl Ui — UjVuly Cs+Cr the three overall coefficients
Ui —> Uit Cs —Cr, Cr
w; — djpty, Cr

We can ask what are the possible tree-level mediators which generate these operators.

Different ones generate different combinations of Cs 7r.

Simplified model | Spin | SM irrep | (cs, ¢r, CR)
S3 0 |(3,3,1/3)| (3/4,1/4,0) As representative examples, we study:
U 1 (3,1,2/3) | (1/2,1/2,0)
1% 1 | (1,3,0) (0,1,0) 7
Z,, 1| (1,1,0) (1,0,0) S3 Us Ly
Z(/V) 1 (1,1,0) (1,0,1) (backup slides)

t
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S3 scalar leptoquark  s:-@s.

P ij ij _ ij _
ENPDﬁB,iu(qzzeaagi)S§+h-C- ""‘“"" Cs =3 M2 “r=7y Mg, k=0

S5 (aps=0, apg=0)

0 45° 90 © 135° 180°
OO T I I I I OO
> 45° 45°
90° , , 190°
0 45° 90 ° 135° 180°

““““ Cy = |Bs?/M3, > 0

UQ)-like  |Cy|""?[TeV]  ppax [TeV]

Brortuy  B'-spp Kp-opp Ks—»pp K =rntvy pp-up
14



S3 scalar leptoquark  s:-@s.

i §5§,mﬁ3,ju lﬁg,mﬁ&ju

P iy ij _ ij _
ENPDﬁB,iu(qzzeaagi)S§+h-C- ""‘"‘" Cs =3 M2 “r=7y Mg, k=0

S5 (=0, apg=0)
0 45° 90 ° 135° 180°
OO T T T T T

Zooming in on the small 6 region
S3 (@ps=apd=0)

00 45° 90 ° 135° 180°

< 0.005

0.01

0 45° 90° 135° 180°

¢
LHC dimuon searches are relevant only for small 6,
> 45° 45° l.e. very close to the 3rd generation.

Still far from testing U(2) hypothesis [Greljo, D.M. 1704.09015]

. 190°
0 45° 90° 135° 180 °

_______ Cy = |53’2/M52*3 >0

UQ)-like  |Cy|""?[TeV]  ppax [TeV]

Brortuy  B'-spp Kp-opp Ks—»pp K =rntvy pp-up
14



S3 scalar leptoquark  s:-@s.

: i _ 3038550 1858 )
0 2 OWI_L OZJI—L OU:O
ENP D ﬁ3,z'u,(qzz€0-a€L) Sg —I— h_C. —-—* S 1 Mg,g , 7 1 Mgg 7 E
% - A
Ss (aps=0, apg=0) ﬁ?),i,u — 63 T
0 45° 90 ° 135° 180 °
0°[ , : | | |

Zooming in on the small 6 region
S3 (@ps=apd=0)

00 45° 90° 135° 180°

O

< 0.005

0.01

0 45° T90° 135° 180°

¢
LHC dimuon searches are relevant only for small 6,
> 45° 45° l.e. very close to the 3rd generation.

Still far from testing U(2) hypothesis [Greljo, D.M. 1704.09015]

- re - 53’?
l) < ] > T < N L+" - 5" --+ E
) | %
t S,v A t Ty AT
( |
s—>——¢— 5L o5 Lo L s |
% 5,
90° | S S — 90° |
0 45° 90 °© 135° 180° At 1-loop it generates AF=2 operators
¢ r _ 5‘63‘4 [(ﬁ’]/’\L*JZ adj )2_|_ (V ALAFVE ﬂz auj )2]
. —— Oy = |Bof2/Mg, >0 00T e (AR (i
_li 12 X + 3 S 3
U(2)-like |Cy| [TeV] M [TeV] S
e e Limits on D-D, K-K, Ba-Ba, Bs-Bs give an
Bron'pu Blopu Kiopp Ksopu K'omvy o ppoup upper limit on the leptoquark mass

14



ROFV & U(2

;v

symmetry

Global quark 1‘ U(2)3 — U(2)q X

flavor symmetry |

When minimally broken, the spurions are: V,~(2,1,1), AY,~(2,2,1),

AY, V, N AYy; 'V,

The doublet is given by ttl
CKM elements up to V;I — Ugq Vo
corrections ts

O(ms/my)

| — (@ D)

15



ROFV & U(2

Global quark }; U(2)3 — U(2)q X

flavor symmetry |

v

Symmetry

When minimally broken, the spurions are:  V, ~ (2,1,1), AY, ~(2,2,1), AY;~(2,1,2)

AY, V, AY, V,

The doublet is given by ttl
CKM elements up to V;I — Ugq Vo
corrections ts

O(ms/my)

One can predict (up to O(2%) corrections)

Br(By — ptp=)
Br(BQ — ptp—)SM

.U RK R

LL _

These predictions of minimally broken U(2)3
will be tested with future data (see prospects slide).

[ |

15



symmetry

v

ROFV & U(2

Global quark
flavor symmetry

Imposing the ROFV structure we can also get
correlations with s-d transitions: .
n~1—|—2qN (CUQVvq

only 2 free parameters: cu, ). .
(CU2€ tdy CU2€ " Vig,

60-_ /// \\\ ]
i “——_| Main constraint from
- / / > _ _ \\ 1 K % + B

sl N L KM

Ccu2

20-—1r __¥
B | The region consistent with

77 7 I /2 minimally broken U(2) R o A R

1 symmetry is still not testea

_20 N S R L Lo .
: : 0.0 0.5 1.0
16



Prospects

Future improvements in the measurements of these observables
will allow to cover the majority of the parameter space

S; (aps=0, apq=n/2) — Prospects

Observable Expected sensitivity Experiment 009 45| ° 90° 13|5 ° ISIO (;"
R 0.7 (1.7)% LHCb 300 (50) b
K 3.6 (1% Belle 11 50 (5) ab” !
R 0.8 (2.0)% LHCb 300 (50) b
K 3.2 (10)% Belle II 50 (5) ab™*
R 4.7 (11.7% LHCb 300 (50) fh—!
_ 4.4 (8.2)% LHCDH 300 (23) fb~* > 45° 45°
0 +
Br(B; = w'n) 7 (12)% CMS 3 (0.3) ab~!
9.4 (33)% LHCD 300 (23) fb~*
0
By = ) 16 (46)% CMS 3 (0.3) ab~!
Br(Ks — putpu™) ~ 1071 LHCb 300fb~1 /
Br(Ky — ) ~ 30% KOTO phase-I ] .
L 20% KLEVER %0 50 1g0e.
Br(K* — ntvv) 10% NAG62 goal é
LH — General correlations (a,s=0, a,q=0) — Prospects LH — General correlations (a,s=0, a,g=7r/2) — Prospects
0 45° 90° 135° 180° 225° 270° 315° 360 ° 0 45° 90° 135° 180° 225° 270° 315° 360°
0°F — 70° 0°F 70°
_ Z 7
> 45°- 145° > 45°- 145°
90° | 490° 90° ¥ e e e B
0 45° 90° 135° 180° 225 270° 315 360° 0 45° 90 ° 135° 180 ° 225 270° 315 360 °

¢ ¢ 17



Summary

‘ The B-physics anomalies will be throughly tested in the next few years.
It confirmed, understanding the flavor structure of this new breaking of the SM
flavor symmetries will be crucial.

The Rank-One Flavor Violation assumption is realised in several UV completions.
It allows to correlate b—spp processes with other flavor observables involving
muons (or muon neutrinos).

‘ Already now a sizeable part of parameter space is tested and
future measurements will cover the majority of the framework.

Thank you!
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NP
'Ceff

Leg D

GFOé
\/,

Simplified™ fit of clean observables

z'ozbs

€

Ay

S

RER)

Iij:

(Dl

&/
-

-5 comparing with
Alguero et al.

1903.09578

..............

(5" br) (e Yuper) + h.c.

15

10}

A)(2

O I
—n/2

*Simplified = no theory uncertainties considered. Agrees well “enough” with full fits.

—n/4

0
Qbs

/4

71)2

Im AC)

Qps

‘/;b‘/:; [AC (SLV%L)(M%M) + AC (SL’YMbL)(/_L’YM’Yau)] + h.c. .

T

| I
i Qg

Aps [TeV]

ReACE=—ReAC%,

Rk [1.1, 6] GeV? 0.846 +£0.062 | LHCbD [1,2]
» | 0.66%0.11 LHCb [3]
) 0.69 + 0.12 LHCb [3]
R L1, 6] GeV 0.96703 Belle [4]
Rg- [15, 19] GeV? 1.1870 2 Belle [4]
0 (3.07080) x 107 | LHCb [9]
Br(B; = 1) (2.8798) x 100 | ATLAS [10]
2 - comparing with
§ -~ Altmannshofer, Straub 1411.3161
1t b 1
o ]
: 2 Ay* =138 ]
3l i
-3 -2 -1 0 1 2 3

20



AF = 2 observables (and €'/g)

Limits on AF = 2 coefficients [GeV_Q]
ReC}( € [—6.8,7.7] x 10713, ImC}( € [—1.2,2.4] x 10-1 NP , 9
1 ~13 1 ~15 . —1 ]
ReCh € [+2.5,3.1] x 107, ImC} € [-9.4,8.9] x 10 Lav—s = Cii (a1 v.q7)
|CBd| <9.5x 10"
ICL | <1.9x 1071

[UTTit 0707.0636, update by L. Silvestrini @ La Thuile '18]

9

202,

For example, the Z’ contribution is:  ALap—2 = — [(natdigy®d;n)” + (Ve Vi Wiy u;p)?

Also €'/e provides a potential constrain on the coefficient of (57, Prd)(gy" PLq)

qg=ud,s,c
[Aebisher et al. 1807.02520, 1808.00466 ]

<§>BSM =2 Piljtew) T [Ci(tew) = Ci(tew)] = 10x10

()

In this framework, this constraint is not competitive with AF = 2
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U+ vector leptoquark

Ui

Bl,m = [ 1
U, (aps=0, ap,4=0) U, (aps=0, apg=m7/2)
180° 225° 270° 315° 360° 180 ° 225° 270° 315° ©
OO T T L - 72 |_OO OO T T —_— - T - ] 00
ol | -
> 45° :l ~445° < 45°H) : 145°
/// ‘\ ,/’
8 . /LS/

90° 4 , e - - 190° 90° 4 , L 190°

180 ° 225° 270° 315° 360° 180 ° 225° 270° 315° 360°

¢

- el C = |8 /ME, <0

Btosatup B'-uu Ki-up Ks—up Ki—n’up pp-uu U(2)-like |C,|71/? [TeV]

AF=2 loops are divergent,
need a UV completion.
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Z & vector-like couplings to U

For example see the gauged U(1).-.c model with 1 vector-like quark. LD Miq¥q

[Altmannshofer, Gori, et al 1403.1269, 1609.04026] n; o< M;

vt o N - N .. Galu ~ - .. .. GoGu ~ .
Lap D [gqninj(quy q]L) —}—g’u(ﬁ_%fy E% + [LRY ,UR)] Z& —-—-—-* ng = —#?’LG; : CY = : C% = _Z\qpﬂnin;
z' A

2y (aps=0, apg=m/2)
0O 45° 90° 135° 180° 225° 270° 315° 360°

OO_ — *E \ _OO

> 45°F 145°
90° My ¢ e ke B
0O 45° 90° 135°180° 225°270° 315° 360°
¢
g — -
BTt uu ppoup UR)-like |Ce| ™ [TeV] pmax [TeV]

Cy = _gqgu/(M2/)
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Z & vector-like couplings to U

For example see the gauged U(1) .- model with 1 vector-like quark.

[Altmannshofer, Gori, et al 1403.1269, 1609.04026]
Le D [ggnafy (@ ar) + 9. (6700 + iry*ur)] Z,

Zy (aps=0, apg=m/2)

0O 45° 90° 135° 180° 225° 270° 315° 360°
OO—? . . \ 1()°

> 45° 45°

T
|

90° My ¢ e ke B
0 45° 90° 135° 180° 225° 270° 315° 360°

¢
7

pp-ui UR)-like |C|™* [TeV] pmax [Tev]

Cy = _gqgu/(M2/)

B>t uu

L D M; Cj}/\IJQ
’fli X Mi
ij 9q9u ~ ~« ij ij 9e9u ~ .«
——* ng:_—nzn , C :O7 CR:— nin'
Mz, Mz,
bL SL

o |

s,

AF=2 operators are
generated at the tree level.

2

g
ALAF:2 — 2]\;2
A

(it dyy*dy)? + (Vieruy Vi agyu,)?)
We can put upper limits on rqu=g2,/2u,
or for a given maximum g,
an upper limit on the Z' mass
1.
Mpr =

9]
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