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Flavour Changing

X
X

Charged Currents

v v
d S b

» r(d, —ue %) o« |V,|

We measure decays of hadrons (no free quarks)

Important QCD Uncertainties
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V;; Determinations

PDG 2020 CKM entry Value Source PDG 2018
Vud\ 0.97370+0.00014 Nuclear S decay 0.97420 (21)
V| 0.2245+0.0008 K — () ¢v 0.2243 (5)
™ 0.221+0.004 D— (7)¢v,vd —>cX
V4| 0.987 £0.011 D—>K/v,D,— lv
V| 0.0410+0.0014 b—cl/v,B—>Dv
Vi 0.00382 +0.00024 b—>ulv,B>xlv
V| 1.013+0.030 PP, PP —>th+ X
Vil [VE vl | > 0.975 (95% cL) t>bW /t—qW
V| 0.0080+0.0003 B —BY mixing
A 0.0388+0.0011 BY —B. mixing

0.9994 + 0.0005 (PDG 2018)
V| + [Vis| +[ V| = 0.9985+0.0005 V| + [Vip| +|Ve| = 1.02820.061

2
V.| +

uj

V

cj

Viol? + [Viof +| Vo[ = 1.025+0.022 zj;( ) = 200220027 (&)
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Hierarchical Structure

1— A%/2 L A (p-in)
~ ) 1-2%2  AQ? + O(/l“)
AL (-p—in) —-AA 1
Axsing,~0225 ;  Ax081 ; Jpi+np’~04
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QUARK MIXING MATRIX

® Unitary NgxNg Matrix: NZ parameters
V - VJr — V]L -V =1 %NG(NG—l) moduli, %NG(NGJrl) phases
® 2N, -1 arbitrary phases: TU;V,;d,

U > elu  d > e%d =) V. > e\

i i 1) 1]

Vi Physical Parameters:

%NG(NG— 1) moduli %(NG— 1) (N, - 2) phases
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e N;=2: 1 angle, 0 phases

|

—sin 6. cos 6,

cos 6, sin 6, }

(Cabibbo)

B No 6/5

e N;=3: 3 angles, 1 phase (CKM) c¢j=cosg; ; s;=siné

X

A=sin 6. =0.225 ;

SM
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S12 S23 o C12 C23 S13 e _C12 S23 o

1-1°/12 A
—A 1-1%/2

AL} (1-p—in) —-AA?

A~0.81 ; Jp°+n° =04

S12 C13 S13 €

AL (p—in) ]

AL
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812 S23 S13 e
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GIM Mechanism

¢ W d s u,c,t d

Fley = Fa) = 10 M o< V, Vy F(m/My) + V.V, F(m} /M)

cs ' cd

~ = A F(ml /M) = N A (1= p +in) F(m] /My,)

4 2 2
2 mt )\mc

A -, :
My, My,

= Top contribution dominates. Strong suppression: M x 1g 5
T

0 Qﬁ’ effects fully governed by top contribution [Im(V V)=—Im(V, V;)}

cs " ed
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R D Loop & CKM suppression
are pecays Sensitivity to New Physics
Bsg = uy
07 %x107° F. Archilli, Moriond 2021
|3‘ ) —'gnlllt.\lll'n'lllnlLlfa.\"é_L[‘i’-'_‘,:l:“.é”{i'.[_' ! [LHC;:) -
3060 Preliminayy'” e
OT 05 ' —9fp!  — @
2! ]
204 .
03 .
02+ — - -
0.1 i b ¥ i P A ! 7
0_ v NN~ /) A k107 ¢ ¢ e ¢
0 1 2 3 4 5 6
B(B;— utu) Wies HE | Z<s HO, AO

(2940.4)-10°

g BO + - ..
(Bs = 4117 ) ey Sensitive to (pseudo)

(0 5+1'7)-1010 scalar contributions

g(B((j) _)1u+/u_)exp ' _15
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Violations of Lepton Flavour Universality

LHCb 1705.05802 - Belle 1904.02440
. [ 2.1-2.5 o deviation fromsM ] | Agreement withsm Belle preliminary
:“‘1 l_o U = el N i T
= [ Vomte ] 15[ T A
0.8 | I . [ T
B ! H Zash 1 |
(B — K*utu~) 06 ek 1 o0l = : { i 1
i BIP ] - L7
(B — K*ete™) oaf v CDHMV ] [ L3 i sate
i H FOS ] 05} < LHCh |
0.2 B . & flav.io 7 + BaBar
I LHCbH e JC 1 : I sm prediction
DU PO SR T T N TN N TN AN TN TN TN T AN TN TN TN WO NN TN TN N TN N TN MO N |I 0.0 | ) ) X X | , ) J X ! , i , i | ) X X X
0 1 2 3 4 5 6 0 5 10 15 20
¢ [GeV?/cY q® (GeV?/c?)
T T T
= . BaBar
: 0.1 <g*<8.12GeV¥/c*
E [PRD 86 (2012) 02] Ry = r(B—l— — K-i-#ﬂ-“—)  0.846 +0.042 +0.013
. Bl 2 [(Bt — Ktete) " _0.039-0.012
: 1.0<¢?<6.0GeV/ct

[JHEP 03 (2021) 105]
LHCb 9 it 3.1 o below the SM

—e—i
1.1 < ¢? < 6.0 GeV¥/c?
[LHCb-PAPER-2021-004]
I L L L L L L L 'l I L L
0.5 1 1.5

RK
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R(D*)

0.35

03

0.25

0.2

Flavour Anomaly

D(*)

3.08 0

B(B — D"~

(charged currents)
b

Vr

)

Tree-level

B(B — DY)

discrepancy

process

(3.2 o with more recent predictions)

LHCb, 1711.05623:

Belle, 1903.03102:

Belle, 1612.00529:

SM

_ B(Be = J/prir)

FP" = 0.60 4 0.08 4 0.04

e
PP

L 1 T T . —
4 BaBar (2012), had. tag BaBar (2012), had. tag

~ > T - o -1 P —

- [ HFLAV average Ay~ = 1.0 contours 7] 0.440 & 0,058 + 0,042 —_— 0332 £0.024 £ 0.018

— — Belle (2015), had. tag Belle (2015), had. tag

- m 0375+ 0 026 ———— 0.293 + 0.038 + 0.015

< — Belle (2019}, sl. tag

B 1 0.307 + 0.037 £ 0.016

= - i Belle (2019, sl.tag

C —] Average 0.283 + 0.018 + 0.029 B

| : ] 0.340 & 0.027 £ 0.013 e LHCh (2015)

- - = SM pred. average 0336 + 0.027 + 0.030 R

) 4

- LHC 1?18 = 0.295 £0.003 ! LHCh {2018), (had. tau)

o 5 ] PRD 94 (2016) 094008 0.280 £ 0.018 & 0.029 -

[ N — 0.299 + 0.003 & Average

- : ] PRD 95 (2017} 115008 0.295 £0.011 £ 0.008 ——

= = 0.299 £+ 0.003 14 SM pred. average

- - JHEP 1712 (2017} 060 A252£0.003 | ]

— —] 0.299 + 0.004 - PRD 95 (2017) 115008

E . FNALMILC (2015) 0.257 % 0.003 i

= E TS eaT —.- JHEP 1711 {2017} 061

o Bellel7 ] 11.:&)(*0.2015) 0,260 = 0.008 | B

B o A - L) (201 - JHEP 1712 (2017} 060

— + Average of SM predictions HLA v L0 Shoe 0.257 4 0.005 -

B R} = 0.299 + 0.003 Spring 2019 |+ HFLAY

- R{D*)=0.258 + 0,005 PO - 2% ]

L l ' L L 1 I L L L L l L L L L I L 'l L 1 BRI [ ] L L 1 L l L 1 s J_.J_ 1 L 1
0.2 0.3 04 0.5 0.4 0.2 0.3 0.4
R(D) R(D) R(D*)

1

=071£0.17£0.18 (1.70) 'R.fﬁ"p ~ 0.26 — 0.28

i !

B(Be — J/¢uiy)

(1.6 o) FPgn = 0.455 4 0.003

0.21

+
0.38 £0.51192L

PL ey = —0.499 + 0.003
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SM

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
=mm)p  Baryogenesis

Small ¢P in D° decays (LHCb, 2019)

CPT Theorem: (,WS @ 7

Thus, C,’I‘ requires: = Complex Phases

= |nterferences
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DIRECT (P T(P—f)| = |T(P-T)]

T(Pof) =T, e"e 4+ T,e% e

1(37?

—= = |¢1 |51

T(P>T) = + T, e 72

—2 Tl T2 Sin(¢2 _¢1) Sin(52 _51)
T+ T,°+2T, T, cos(¢, —4,) cos(5,—5,)

One needs:
= 2 Interfering Amplitudes
= 2 Different Weak Phases  |[sin(4,—¢,)#0|
» 2 Different FSI Phases [sin(6,-6,)#0]

SM A. Pich — 2021

61



DIRECT (P

Br(B— f)-Br(B— f)

Ar(B 1) = Br(B— f)+Br(B— f)

A (Bf — 7 K") = —0.084+0.004 (21 o)
A(B? - 77 K*) = —0.213+0.017 (12.5 6)
A.(B" > K'Kz%) = —0.122+0.021 (5.8 0)

Large & Interesting Signals

Big challenge: Get reliable SM predictions
Severe hadronic uncertainties

SM
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INDIRECT @P: KO—KO9 MIXING

SM

4 uat % : AN KE )~ p[KO) = q|K?)
W W ucty AU, cC,t
e s G a/p = (1=2)/(1+7)
(KOIHIK®) ~ DA 86wy {Ossa)
<OAS=2> = as(ﬂ)_2/9<K0‘(§L yadL)(gL 7/adL)‘KO> = (%Mé szj éK
A =V, Vo , I EmiZ/MV%/ (i=u,c,t)

GIM Mechanism: Ay +tAc+A =0

(M, —M,,)/M,, = (7.00+0.01)-10°*
CP Im)\t :_|m)\ 277)\5A2
Hard GIM Breaking: S(r,r) ~r == t quark
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INDIRECT @P: KO—KO9 MIXING

d u,c,t s d W S —
% | % ol e KSu)~ P [K) F a[KT)
W W uc,ty AU, C,t
s uotf 4 =W a/p = (1-&c)/(1+ &)
(KOIHIK®) ~ DA 86wy {Ossa)
<OAS=2> = as(ﬂ)_2/9<K0‘(§L 7/adL)(§L 7/adL)‘KO> = (%Mé szj éK
A =V, Vo , rizmiz/MV%, (i=u,c,t)
) =[R) P )=k ep k) = R
1 _
Kio) = (K F[R)) 0 P [KD) =+ [KDy)
[KQ) = |KD)+ 5 |KS) , KDY = |K9)+ 5 |KP)
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INDIRECT @P: KO—KO9 MIXING

d u,ct s d W S —

% | % ol e KSu)~ P [K) F a[KT)

w w u,c,tY Au,c,t

s ot 4 SOWTTS a/p = (1= )/(1+ &)
K0—>7z_l+vI (S—>u) ; Iz0—>7z+|_17| (s—>u)

0 —1+ B 0 - 2 2 raa
F(K(L)—nzl v) F(K;—wz |?) . |p|2—|q|2 2 Re_(gKZ) _ (0.332-+0.006)%
F(KL—>7zI+v|)+F(KL—>7z+I v,) Pl +lq] 1+ &g |

- Re(g,) = (1.66 +0.03) - 107

T(K, —>7z07z0) . .
T(Kq —>7207r0) <

T(K, >7x7n
= (K, )“’5 oo =

= T(Ks > 7'n7) oK

—(2.228+0.011)-103 ¢'% .
e ) = 7 |(1-p)A®+0.22]| A’ B, =0.143
¢g = (4352i005)0 Buras et al

SM
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DIRECT (P in Ko>xmw

_T(K >7'7)
CT(Kg > 7z'r)

_ T(K, —>7z07z0)
B T (Kq — 7°7°)

n,._ r Ex T &k oo R &k —2¢&k

2

= (16.6+2.3)-10™ A, A

KTeV, E7/31

Moo

Re(ei /&) z% 1- .

= Short-distance OPE

Ciuchini et al, Buras et al

G \YY
d v T N = Long-distance xPT
Pallante-Pich-Scimemi
Re(é‘}'( /gK )Th = (14 + 5) . ]_0_4 Cirigliano-Ecker-Neufeld-Pich

Cirigliano-Gisbert-Pich-Rodriguez
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B — B2 MIXING

b

Yo

Yo
Neo]
=

e S VAVAVAVAVAVA ey o

%W u,cty AU C, 1

SM

TIA

f=y

. SenVAVAVAVAVAVA e S

OIA

—
QIA
o
=

q

* % * 3
Vud Vub ~ Vcd Vcb ~ th th ~ AA

(B°[H[B%) ~ M| S(r.1) [%Mé fé] By

AM g, = (0.5065+0.0019) ps

=V

AMgo [Ty = 0.769:+0.004

d

AM , = (17.766+0.006) ps™

B

2 2
APBO/AMBO ~mg/m; <1

Re (7, ) = —0.0005+ 0.0004

(713 very small

AMBS/FBS = 26.89+0.11

Ms|2 > My ‘2

=-0.124+0.008

AFBQ/ FBS =
Re( 7, ) = —0.00015+ 0.00070

a/p|—1 ~ m¢/m¢
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q u, c, t b q
> > > e VAVAVAVAVAVS ey o
M M, i (I Ty
W w u,c, ty Au,c,t M = _
- * v, M) 2l T
= p— < e VAVAVAVAVAVA S S
b u, c, t q b W q
i 1/2
- M, ——T,
1 1—% 12 12
)= =L (ol rale)) . el
P+l p 1+5 M, -1,
2

(Al\/l)z—%(AF)z:4|I\/I12|2—|F12|2 , AM Al =4Re(M,I")

Prp_y = a9 ( My, /Flz)

AT/AM =T, /M, ~ml/m} <1 ‘ ‘%‘ ~ 1+% ‘,\F,fz SiNgg 5 ,
12
AMEM|3+_M|3_ 1 AFEFB+—FB_
0 g, (t) Egz(t) 0 coS [AM _iAF] ll
B°(V) _ P [‘B >] [gl(t)] _ e iMt g Tt/2 e e
E) o0 00 ) %0 -isin [am—2ar| %]
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SM

Widths & Mass Differences

)

-0.02 -0.015 -0.01-0.005 0 0.005 0.01 0.015 0.02

ps

M. Gersabeck

-10 -8 -6 0 2 4 6 8 10
ps!
BS,L BS,H
-15 -10 0 5 10 15
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Time Scales:

= KO x~y~1

= DY x~y~0.01

= By: x~1,y~0.01

X~25,y~0.05

0.8

Oscillation ~ sin[(x — iy)Ft/Z]

e'e” = By B, — (/vX)(/vY)

0.4

AR A

0.6

+ ++++

1500

|AZ] (um)

Slow oscillation (decays faster)

Fast oscillation (averages out to 0)
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Time Scales:

Oscillation ~ SINn [(X — iy)Ft/2]

XEAM/F : yEAF/ZF
D’ B!
as | Prob{D°](t) .. Prob[B2](t)

04t

02¢

almost zero?

0.5

1 1.5 2 256 3
Proper Lifetimes

1 1.5 2 25 3
Proper Lifetimes

03
0.2
01

0.5

1

from Van Kooten

1.5 2 25 3
Proper Lifetimes

= KO x~y~1

= DV: x~y~0.01 Slow oscillation (decays faster)

= By: x~1,y~0.01

= B,: x~25, y~0.05 Fastoscillation (averages out to 0)
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BC— B9 MIXING AND DIRECT C7f>

B mmmp f T =T[B >f] ; T, =-T[B*>f] ; p =T, /T,

— 0 3 . T O po 3 . — T

\ / T =T[B°>T] ; T.=-T[B°>T] ; p, =T./T,
go

cp BY =-B° - CPf=f

T[B°(t) —f] ~ %e“ (ITeF+1T F) {14 C; cos(AM 1) — S, sin(AM 1)}

T[B°(t) — ] ~ % e " (|Tf P+, |2) {1 — C, cos(AM t) + S sin(AM t)}

q_ p
21Im| — -2Im| = p.
_1-1mF . _ (ppfj . I U _ [qpfj
Ci=rrz"— ’ St = — 2 : Ci=—r77 : S¢ = 2
1+ o | 1+ p | 1+|,0f| 1+|Pf|
q M, Vi Vi iy, p (Bj )
AT<AM  mmp — = ~ = = € A 2 0
P M, th th _'[’)Sz_/?“77 (BS)
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BC— B9 MIXING AND DIRECT C7f>

B mmmdp f T, =

BO

T[B°(t) —f] ~ %e“ (ITeF+1T F) {14 C; cos(AM 1) — S, sin(AM 1)}

T[B°(t) — ] ~ % e " (|Tf P+, |2) {1 — C, cos(AM t) + S sin(AM t)}

15 _om(P
1-|p. [ 2|m(p,0fj 1-|p. P ZIm(qpfj
Co=lropg o ST = P . Ci=——1 15 i S¢= 2
1+ | 1+ ps | 1+|pf| 1+|Pf|
. — T—anTf : -T_—:nfo ; p—Ellﬁf
CP self-conjugate: f =7, f mmp e T S sf
fof ’ F - Of
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B — BY MIXING AND DIRECT C7f>

B mmmmp | CP self-conjugate: f=7;f
\ / q _ Vi Vig o2 . {ﬁ (Bc?)
B 0 o~ * T J dy = 2 0
B P ViV A (Bs)
Assumption: Only 1 decay amplitude
* = 2idy
Apauq _ Vcib Vag _ e 2t | Pr=Pi =T €
Apsgr Vo Vag Ci=
— F(I§°—>f)—F(B°—>f) 1(20) Sin(AM 1) P
— = —7 Sin sin ; =@, +
F(B°T)+r(B°>f) T

Direct information on the CKM matrix
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[(B° = Iy K )~T(B° = Jiy K., )
I'(B° - Iy K,)+T(B° = Iy K,)

= —n sin(24) sin(AM t)

"o%:gg "3 PDG 2020:

= 300: E .

Eﬁg’g g sin(2p) = 0. 701 £ 0.017
150}

B® — Jly KsL W(2S)Ks , 2. Ks , 17, Ky

ﬁ BE(I)I @

PRELIMINARY
T

Asymmetry
Asymmetry

6 4 20 2 4 6

BELLE 2012 At (ps)

C]S Signal
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VudVb +VCdVb +\/tdv

*

=0

0.7 [ IE T T I T T T ! T I I T T I T T | T T T _]
s : Am,& Am, \ om -
0.6 E E'/; i v Amd €k Surz1:11er19r _:
>\§ : _
05 —¢g | —
— | ® : sol.\w/\cos 2f < 0 —_
— 8 (excl, at CL > 0.95) .
04 _—% ]
I= C 3 ! % -
03 — : -
— l o E
0.2 [ =
0.1 - f
: B

0.0 (ux | 1 1 ) | L ! ] L ] L L ] | ] ] 1

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
p
Vv ALY P . . 7=n (1—%/12j ~ 0.348+0.010
ud “b/ cd “cb Via Vi / Ve Vo UTrit
p=p (1—%,12) = 0.148+0.013
0,0 (1,0) a=90.1+2.2°; =23.8+1.3° ; y=65.8+2.2°

SM
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90% C.L. upper limits for LFV 1 decays

Bounds on Lepton Flavour Violation

t Decays (90% CL)

- by IP° 1S° \Ya Il Ihh Ah
1070 AL A i R e R I RN B =
— B = ] ] n =
— - . - u . -
B " R L . N —
10—5_?..... .................... T E ettt rasaaicaasaraseaas sesressassesanenes T T Y E_
= . . . vy vy = =CLEO
B v v v v —]
107 Ao L T L T T (I ".... ] vBaBar
E': A i Ay v, : M A A = R A, a “““'" = 1 Belle
— R I. K x XXX‘XI“ A A A ‘:lLHCb
10_8_5 """""""""""""""""""""" ] e B L IEEECCL LI IRLEELCILIRRERE] RUTIRERRLRY —= wATLAS
— . = o Belle ll
B ° ° ° | *LHC-HL
10_9=?"". """" ... """""" . """""" oo SARREEEES e'e T Lo A s o) ... """" ° L .i """" ® ?=
E e ® ° [ P L] . ® [ ] ] °® . ® . Ve ° e [ ] . [ ] ® 9 ® E
- Y —
10—10 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RO R St e R L R LR ISR St 1 Tt 1 oLt S AR
m:mlmlmz_mimi'mlm.nﬁﬁlr:t:::cx
Br(u— ey) <4.2 x 1013 (MEG, 90% CL) : Br(u— 3e) < 1.0 x 1012 (SINDRUM, 90% CL)
Br(K,— pe) <4.7 x 1012 (BNL-E871, 90% CL) : Br(K*— nfute”) < 1.3 x 1071 (BNL-E865, 90% CL)
Br(B°— ep) < 1.0 x 102 (LHCb, 90% CL) : Br(D°— epn) < 1.3 x 108 (LHCb, 90% CL)
Br(Z°— ep) < 7.5 x 107 (ATLAS, 95% CL) : Br(H—> ep) < 6.1 x 10 (ATLAS, 95% CL)
Br(Z°— et) <5.0 x 10°% (ATLAS, 95% CL) : Br(H— et1) <4.7 x 102 (CMsS, 95% CL)
Br(Z°— put) < 6.5 x 107® (ATLAS, 95% CL) : Br(H— pt) <2.5 x 103 (ATLAS, 95% CL)
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SUMMARY

= Flavour Structure and (7?9 are major pending gquestions
= Related to SSB I Scalar Sector (Higgs)

= |mportant cosmological implications (Baryogenesis)

= Sensitive to New Physics: Flavour Anomalies!

SM

Intriguing signals (most anomalies related to 3"d family)

Many questions. Higher statistics & better systematics (QCD) needed

Eagerly awaiting new experimental results
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SM

Backup
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i Anomalous
Magnetic Moment

White Paper (2020) G. Colangelo, Moriond EW 2021
Contribution Value x 10"
HVP LO (ete™) 6931(40)
HVP NLO (e*e™) —98.3(7)
HVP NNLO (ete™) 12.4(1)
HVP LO (lattice , udsc) 7116(184)
HLbL (phenomenology) 92(19)
HLbL NLO (phenomenology) 2(1)
HLbL (lattice, uds) 79(35)
HLbL (phenomenology + lattice) 90(17)
QED 116584 718.931(104)
Electroweak 153.6(1.0)
HVP (e"e, LO + NLO + NNLO) 6845(40)
HLbL (phenomenology + lattice + NLO) 92(18)
Total SM Value 116591 810(43)
Experiment (E821) 116592 089(63)
Difference: Aa, := a® — & 279(76)

AaM =

exp __

SM
,uJ

A A 2

BNL g-2 - 4

FNAL g-2 +——@——+

A
4 4.20 '>
N ¥
—— +——+
Standard Model Experiment
Average
175 180 185 190 195 200 205 210 215

= (251 +59)-10~

a,x10° - 1165900

(4.20)

Much smaller discrepancy with the SM prediction obtained from BMW (lattice) or t data

SM
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V,; Determination (@ -0) ¢4

Konfv,D>K¥v...

(P'(K)|Ty"d|P(K)) = Cpp {(k+ k)" f (0°) + (k—k)" f ()}

G2M>
I'(P P'l — —F P
(P— ) 19273 |

2
f,(q°)
t,(0)

Me-Me O 312, 2 2 g2 pp2
I~ fo WA (9%, Mz, M)

P

Measure the g2 distribution  =mp |
Measure I ) .(0) V|

Get a theoretical prediction for  1,(0) mwmp |V |
Theory is always needed: Symmetries
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Vi I Cop [ 101 (T46ec) | f-(0%) suppressed
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PDG parametrization of the CKM matrix

Wolfenstein:

—
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1 0 —S,,
1613 0
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S5 €
S23 C13

C23 C13

1

+ (9(14)
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Standard Model %: 3 fermion families needed

G my HM?)-HM?)-J =0
H(M2) = (m@ —m?) (m? - m2) (m? —m)
HMZ) = (mZ-m2) (m?-m?) (m?-m7)

J = €y Cly Cpy Sy Sy 53 8IN 5y = |AP2%| < 10

Low-Energy Phenomena

Small Effects ~ J

Big Asymmetries 4  Suppressed Decays

B Decays are an optimal place for C7f7 signals
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UNITARITY

TRIANGLES ™Y ¥a sVl =0 (=)

o ’/_EIL"‘\ ViaVis - \,Efv/"ﬁ’/' ” VtSVt;;
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ct " Ve Ved VisVas
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Vchtﬁ>

Ve Vib uqu\/thd V, dVMthub

1= 222 A AR (p-in)
V ~ ) 1-422  AA? + O(/l“)
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Loop processes

Tree-level determinations
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