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The Standard Model
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?The Standard Model?
? Supersymmetry 7 777 7 Composite models ?
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Where is New Physics? Experiments

Neat indications of NP:

Gravity, Dark Matter, v, ... but:
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The Hierarchy Problem of the Fermi scale [Wilson 1971,...]

[A = highest scale h couples to, e.g. Mplanck] J
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The Hierarchy Problem of the Fermi scale

[A = highest scale h couples to, e.g. Mplanck] J

N ="cutoff”? Misleading: SM is renormalizable and divergences do not appear.

_ > — - _ > — -

mi(m3) ~ ma(Mpp) — aM3p log

2
Mip

2
my,

Fine tuning A ~ aM3zp/m?
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Hierarchy Problem: initial condition m7(Mpp) to be chosen with precision ~ 1/A

[Wilson 1971,..

]

)

Physics at the Fermi scale depends on details of way shorter distances! ‘
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Where is New Physics? Theory

Answer ~ attitude towards the hierarchy problem

1 Protect the mass of the scalars from any NP ['t Hooft 1979, ..]
The Fermi scale is "natural” small A =
Examples:  Supersymmetry composite Higgs models J

No evidence for NP puts pressure on this “standard” attitude ‘
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Where is New Physics? Theory

Answer ~ attitude towards the hierarchy problem

1 Protect the mass of the scalars from any NP ['t Hooft 1979, ..]
The Fermi scale is "natural” small A =
Examples:  Supersymmetry composite Higgs models J

No evidence for NP puts pressure on this “standard” attitude ‘

2 Short distance assumptions ’ Mnp can be > TeV‘

[W. Bardeen, Foot, Shaposhnikov, Dubovsky, Strumia,...]

A ~ aMip/m; with a <1 (delicate, e.g. gravity?)

3 Accept a large tuning ’ Mpnp can be > TeV‘

e.g. anthropic selection of parameters [Weinberg 1987, Agrawal et al 1997, ...]
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This PhD thesis [defended 27 Nov 2013]

General motivation

Look for “natural” New Physics at current and future experiments

Where?

— HIggS (SM and new ones) Barbieri Buttazzo Kannike S Tesi 1304.3670
" ! 1307.4937

— Flavour Barbieri Campli Isidori S Straub 1108.5125
Barbieri Buttazzo S Straub 1203.4218

" " 1206.1327

Barbieri Buttazzo S Straub Tesi 1211.5085

Filippo Sala CEA/Saclay, France Higgs and flavour physics near the Fermi scale



This PhD thesis [defended 27 Nov 2013]

General motivation

Look for “natural” New Physics at current and future experiments

Where?

— HIggS (SM and new ones) Barbieri Buttazzo Kannike S Tesi 1304.3670
" ! 1307.4937

— Flavour Barbieri Campli Isidori S Straub 1108.5125
Barbieri Buttazzo S Straub 1203.4218

" " 1206.1327

Barbieri Buttazzo S Straub Tesi 1211.5085

Out: a lot, e.g. composite Higgs models, vacuum stability

In: more recent developments of above topics
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Can new “Higgses” be the lightest new particles around?

Yes, in various natural models. For example in SupersymmetryJ
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Can new “Higgses” be the lightest new particles around?

Yes, in various natural models. For example in SupersymmetryJ

MSSM

m? < m2cos?2B+ A?| = A;>85GeV = stops heavier than ~ 1.5 TeV

Fine tuning worse than 1%!
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Can new “Higgses” be the lightest new particles around?

Yes, in various natural models. For example in SupersymmetryJ

MSSM

m? < m2cos?2B+ A?| = A;>85GeV = stops heavier than ~ 1.5 TeV

dv? 4 3y2
Fine tuning worse than 1%! ~ — Sm? 2t 2 log —
& ° dmp, g2 Hy an2
NMSSM 400C
3500
Extra singlet S AW = ASH,Hq + (S) 3000
2500
2 2 2 2 2 22 .'%znou
mj, < mzchs + A + A\ v sy £
s 1000
. . dv k 1 .
Fine tuning better than 5%! el 500
[green points, tan 8 < 5] M, 26 05 10 15 20 25
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Model, and plan of the next 6 slides

NMSSM with A ~ 1 and heavy stops & gluinos J

[A Z 0.7 needs a completion before the GUT scale] E

Goal = strategy to look for the extra Higgses ‘ A ~ 23y

r

Msoft,

~

~1TeV ——
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Model, and plan of the next 6 slides

NMSSM with A ~ 1 and heavy stops & gluinos )

[A Z 0.7 needs a completion before the GUT scale] E N
Goal = strategy to look for the extra Higgses ‘ A ~ 27Ny
7
They are: . i o,
~1TeV 1

CP-even hy, hy, hs (from h, S, H) s

CP-odd A, A

Hi h
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Model, and plan of the next 6 slides

NMSSM with A ~ 1 and heavy stops & gluinos |

[A = 0.7 needs a completion before the GUT scale] E
A
Goal = strategy to look for the extra Higgses ‘ A ~ e2™/¥y
7
They are: 7 Tsofs
~1TeV 1+

CP-pari hy, hy, hs (da h, S, H)

h

Assumptions

Only loop contribution = top-stop A;

No invisible decays hyi, hp — xX, --.
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A useful parametrization (generic NMSSM, no scatter plots..)

hs H
Hon = Zl =RT g , R= RPRZRI mp, =125 GeV. |
2

M2 - ( Mz(mili,)\, tB7At)

| = R7diag(m?, . i it )R
VM1 VM2 M3

/LQ
S LT
3 e _hiue
hruc
h
S ho
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A useful parametrization (generic NMSSM, no scatter plots..)

hs H
Hon = Zl =RT g , R= RPRZRI mp, =125 GeV |
2

M= ( M2 (m2 i X tg, Ay)

| = R7diag(m?, . i it )R
VM1 VM2 M3

/LQ . .

S e Analytic relations!

h “r~e.. hrme 67 Vs U(th, Mp,, mpy=, )\7 t,Ba At)
hruc

h

S ha
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A useful parametrization (generic NMSSM, no scatter plots..)

hs H
Hon = Zl =RT g , R= RPRZRI mp, =125 GeV. |
2

M= ( M2 (m2 i X tg, Ay)

| = R7diag(m?, . i it )R
VM1 VM2 M3

/LQ . .
S T Analytic relations!
h '~.,_~' hrue 67 e G'(th, Mp,, my=+, )\7 t,37 At)
hpuc . —
h A motivated limiting case
< A Mmp, > mp, , and 0,6 — 0 [free pars: my,, tg, A, A]
) :
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Higgs couplings and fit

tan 8

[hic = b = ¢, (csh — ssH) + 5,5 |

8Bhytt S5 8hibb gmvv
o = Cy(cs + po— ), s = Cy(cs —sstan ), — —
8htt an 3 8hbb 8hvv

LHCS8 status
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sng sin’y

s5=0,01503
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Higgs couplings and fit

[hic = h = cy(csh — ssH) +5,S ]

8Bhytt ) 8hy bb Eh Vv
= =, (cs + ) =2 = ¢ (cs — sstan fB) = = CCs
SM Y tan 37’ SM Y J SM ¥
8htt Ehbb Ehvv
LHC14 (300 fb~—1) projections
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T i
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s5=0,0.1503
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Doublet H decoupled [6,0 — 0]

gmff _ Bmwv

_ moff _ 8mvv
SM sM & SM — _SM_ v
Ehfr ghvv 8htr Ehvv
[A: =70 + 80 GeV, ininfluent]
A=12 A=07
Apfusw (= ) Mfusw (= 83)
4t 4t
0.002
23 23
8 s
0.01
0.002
2t 005 2 1
0.23 0.01
023
500 1000 1500 2000 2500 500 1000 1500 2000 2500
my, [GeV] my, [GeV]
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Doublet H decoupled [6,0 — 0]

gmff _ Bmwv

_ Ehoff _ VW _ s
SM — _sM_ & SM — _SM_ v
Ehfr ghvv 8htr Ehvv
[A: =70 + 80 GeV, ininfluent]
A=12 A=07
Apfusw (= ) Mfusw (= 83)
4t 4
0.002
E 3l ? 3
0.01
0.002
2t 005 1 2
0.23 0.01
J 023
1t ‘ ‘ ‘ ‘ 4 it ‘ ‘ ‘ ‘
500 1000 1500 2000 2500 500 1000 1500 2000
my, [GeV]

2560
my, [GeV]
Direct searches of hy: mp, > 250 GeV: VV dominates [second channel

hh]
mp, < 250 GeV: signal = ssx SM
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h, at the LHC and

CMS  \s=7TeV, L=4.916" \s=8 TeV, L=5.1 10"
T T

2 T T
) 05’10 — Observed
In 2013 everybody was looking for top B
partners! % 10 | |~ Expected + 26 -
E
(&)
Only available searches in VV: 2!
=3
—
200 300 400 500 600
my, (GeV)
A=0.8 A=14

500F T T T T T m 500F T T T T =l
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h, at the LHC and

CMS  \s=7TeV, L=4.916" \s=8 TeV, L=5.1 10"
T T

2 T T
. bgm — Observed
In 2013 everybody was looking for top B
partners! 2 10 | |- Expected £ 20 4
' E

E

(&)
Only available searches in VV 2!

=3
Also hy — hh seemed promising: o
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h, at the LHC and be

Now plenty of scalar searches! RS e
5
‘;’ Preliminary
E 102 | = Combined === Combined (exp. =20)
e . . W
General validity, NMSSM particular application: 2 z
2 2 % 10F  H-zz-22q E
Lo Mhh — mj, | &) /S—
sin“y = ——, only 2 free pars.! g1
I’I'Ih2 — my =) \/>\</ """
107" M E
A2y2
2 _ 2.2 2 2 tla §
My = mz&g + 2 S8+ Ai. At little impact 107 506200500 860[ 1000

my [GeV]
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h, at the LHC and b

tan 8

Now plenty of scalar searches!

=10° dMS uplo|51Vb'[?Te:/).upmwlﬂb‘taTeVy
3
1 Preliminary
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2 2 1
oD _ Mhh — my | @) /"
sin“y = ————, only 2 free pars.! g =
mp, — mj e =
107! E
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Filippo Sala CEA/Saclay, France Higgs and flavour physics near the Fermi scale



h, at the LHC and b

Now plenty of scalar searches! _— upto 511570 o gt 1o 1T
Preliminary
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Higgses self couplings

Actually all V' pars. matter for triple Higgs couplings...but dominant one is vs!
[Buttazzo S Tesi 1505.05488]

© hy — hh typically less important than hy, — V'V, especially for ms, > mw
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Higgses self coupling

Actually all V' pars. matter for triple Higgs couplings...but dominant one is vs

5F T "
S v, =100 GeV
' v
Vo Aptfusm
I\l Y \\\ - g;,/,n/gi?f,‘l
4 ST
' N \\
N 0.002
s \ o001 s
005 Sh RN
N N BRI
2 \\\ N \\‘ ~
\S T2
e AR
500 1000 1500 2000 2500
my [GeV]

HL-LHC sensitivity: ~ 50%

Filippo Sala

[Buttazzo S Tesi 1505.05488]
© hy — hh typically less important than hy, — V'V, especially for ms, > mw
©  grwh: deviations expectable at the HL-LHC!

SET ‘ ‘
A vy =500 GeV
AR
AT Ap/pswm
R === 2w/
IR
Vb
v 0.002
N
N
) \ A
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E] VN 001
N ‘\ ‘\
\ ' .
\ y .
\ | N
2 , 0055 11,
M \\ S
\ 12
I's
! L R
500 1000 1500 2000

my [GeV]
[from Snowmass report Dawson et al 1310.8361]
/Saclay, France
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Flavour and U(2)3
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Flavour: motivation and U(2)3

1 0.2 4.1073
Flavour and the SM | Vekm| ~ 0.2 1 4.1072
9.-107% 4.1072 1
(Yo, Yo, ye) ~ (107°,1072,1) (Vs ys, ¥6) ~ (107°,1073,107?) )
1

Flavour and NP Lnp =Y. —O; = |A; 2 10* = 10° TeV

IAVQ
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Flavour: motivation and U(2)3

1 02 4-10°
Flavour and the SM | Vekm| ~ 0.2 1 4.1072
9-107% 4.1072 1
(Yus e, ye) ~ (107°,1072,1) (va, Y5, ¥6) ~ (107°,1073,1072)
Flavour and NP Lnr = 3, %0,— = | A 2 10° = 10° TeV|
Possible solution: Lnp = Z,{;%O,— ¢ ~ O(1)

& small thanks to some “propriety” (e.g. a flavour symmetry)
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Flavour: motivation and U(2)3

1 02 4-10°
Flavour and the SM | Vekm| ~ 0.2 1 4.1072
9-107% 4.1072 1
(Yus e, ye) ~ (107°,1072,1) (va, Y5, ¥6) ~ (107°,1073,1072)
Flavour and NP Lxr = Y7, %0,— = | A 2 10° = 10° TeV|

Possible solution: Lnp = Z,{;%O,— ¢ ~ O(1)

& small thanks to some “propriety” (e.g. a flavour symmetry)

U(2)* = U(2)q, x U(2)u, x U(2)p, Barbieri Isidori et al 1105.2296

v €~ Vg;,c, = |A~afewTeV |is OK with flavour constraints

v’ interesting phenomenology behind the corner

v separate 3" generation from the first two — ideal for natural theories!
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Bounds and new effects

_ 3TeV 2
AF =2 hk,g ~ ck,g (3T
0.3 02
0.2
0.1
0.1
(o]
h 0.0 - 00
B w
-0.1
-0.1
-0.2
-03 -02
-02 00 02 04 06 08 -03-0.2-0.1 0.0 0.1 02 03
hg hg

Take-home messages

@ Data consistent with Lyp = ZIE;%O; and |¢|=02+1

i

@ Larger effects allowed than in other models (e.g. U(3)3)
see also Buras, Girrbach 1206.3878
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Bounds and new effects

AF =1 b — s(d)¢l, b — s(d)viv
10 10 10
0.8 0.8 08
£ 06 & 06 06
£ 0.4 <04 S04
02 02 02
e ! 2 YT 1 e -1 0 1 2 3
7, X (3 TeV/A)? cy X (3 TeV/A)? ¢r % (3 TeV/A)2

Take-home messages

@ Data consistent with Lyp = Zif;%(’),- and |¢|=0.2=+1
i

@ Larger effects allowed than in other models (e.g. U(3)3)
see also Buras, Girrbach 1206.3878
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U(2)® + SUSY: = 2 vs the LHC

. Darker: conservative exclusions
All points: allowed by LHC8 searches .
Lighter: compressed spectra, ...

[Dashed: AF =2 fit] Barbieri Buttazzo S Straub 1402.6677
1.4 P T 0.2
1.3
0.1
1.2
=
v
= €
g1 Y 00
3
<
1.0
-0.1
09
0.8 -0.2
0.8 1.0 1.2 1.4 1.6 0.8 0.9 1.0 1.1 1.2 1.3 1.4
lex /e AM,/AMM

What if no sparticles observed at the LHC147

Then only promising observables: Os AMy s
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=1 vs the LHC

10% X (A7) 61 (B-K* it p17)

Barbieri Buttazzo S Straub 1402.6677

15 7
34
10 32
N
~ Py
5 Ol: 3.0
T
-~
2.8
0 ~ y
m Y 4
X 2.6 4
s =
S 24
-1 2.2
-15 2.0
2.0 25 3.0 35 4.0 4.5 5.0 6 7 8 9 10
10* x BR(B-Xyy) 10! x BR(K*=xtv)
Target for LHCb: A7 ~2 —3% NA62 will measure BRx+_, r+,5 at ~ 10%

Specific correlation could allow to distinguish U(2)* from other models
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Conclusions [stay tuned with EPJplus for a more complete overview]

Higgs and flavour measurements: what do they imply for natural New Physics?)
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Conclusions

[stay tuned with EPJplus for a more complete overview]

Higgs and flavour measurements: what do they imply for natural New Physics?)

— The NMSSM Higgs sector

[h2 = VWV, hh, h couplings, gnnn]

~1TeV —

— A U(2)* symmetry & the flavour of NP
V|, b — s(d)el,vi,..]
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Conclusions

[stay tuned with EPJplus for a more complete overview]

Higgs and flavour measurements: what do they imply for natural New Physics?)

— The NMSSM Higgs sector

[h2 = VWV, hh, h couplings, gnnn]

— A U(2)* symmetry & the flavour of NP
V|, b — s(d)el,vi,..]

What next? A lot!

Flavour: improve on SM predictions (ek, €kx,-..) s
Higgses: phenomenology of CP-odd ones, H,... o

NP unrelated to Hierarchy Problem: Dark Matter, ...

[¢s.

~1TeV —

s 00

Filippo Sala

CEA/Saclay, France

Higgs and flavour physics near the Fermi scale
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Back up Higgses
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Extrapolation of direct searches

We started from (and improved)
i) Collider Reach (8) Salam Weiler 2014 i) Thamm Torre Wulzer 1502.01701

mg excluded at LHC8, obtain my at future collider via B(sy, L1, m1) = B(so, Lo, mo)

B(s, L, m) L></d§ % 36(5) 2 (5) J

Assumptions/limitations

— Not valid if systematics dominate and change significantly from 0 to 1

Filippo Sala CEA/Saclay, France Higgs and flavour physics near the Fermi scale 20/20



Extrapolation of direct searches

We started from (and improved)
i) Collider Reach (8) Salam Weiler 2014 i) Thamm Torre Wulzer 1502.01701

mg excluded at LHC8, obtain my at future collider via B(sy, L1, m1) = B(so, Lo, mo)

B, L ) 63 Lxﬁ O(’Tf( 9.

m2

$6(8)=c = % drives the reach J

dLlj
, = Loci 2 (=0)|

S:ml s:mo

dl;;
Ly cj T.%J(sl)

Assumptions/limitations

— Not valid if systematics dominate and change significantly from 0 to 1

— §>> muk [i.e. not valid at § ~ 2m; for h, — hh(4b)]

AS . s .
— — <1 i.e. notvalid if analysis depends a lot on shape far from peak

Filippo Sala CEA/Saclay, France Higgs and flavour physics near the Fermi scale 20/20



Fully mixed case and a v signal

my,(GeV)

Singlet-like state lighter than 125 GeV

’ hard to see, but exploration already started ‘

A=0.1,A; =85 GeV A=0.8,A; = 75GeV
120]
100}
80,
3
S 6o
£
40
95% C.L. LEP
20 | ‘Higgsﬂt -h»hadrosnﬁ1 2
[ LEP hbb — fhy / fiy .
0 1 1 i L L L ey
2 4 6 8 10 12 14 2 4 6 8 10 12 14
tan 8 tan g
[mh, =500 GeV, sf, =1073, vs = v] see e.g. Badziak et al. 1304.5437,...
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Singlet S decoupled [y,o0 =0, mpy, > mp,, mp]

h (&) h3 bb hs VV
ggl\t/lt =55 — — ggM = 55 + t5Cs ggM =s5 [A¢=75GeV]
Ehtt ts Ehbb &hvv
Status fit LHCS: dashed: my+ cont: A
120/] 006" 07 08 09 1 1112 14 16]
asol
w0f J | - 1
os || 400} | 4007
< ol ¥ -
> | > 3501
& ot ] 8
£ £ 300 773
40} H 250k
20/ ' 200 ~2007)7
ob : : : ] 1508 : : :
2 4 6 8 10 2 4 6 8 10
tan 8 tanp
my+ > 480 GeV from B — Xs7! [M3y(ts,...) =0— 6 =0]

hs phenomenology: more similar to MSSM
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m,, (GeV)

Singlet S decoupled [y,0 =0,  mpy, > mp,, mp,]
8hstt Cs 8hzbb Bh;vv
;M S5 — — S3M = 55+ t3Cs ;M = s5 [At =75 GeV}
8htt tg hbb hVV
Projections fit LHC14 (300 fb—1): dashed: my+ cont: A
wf e i S0F 06" 07 08 09 1 1112 14 16 ]
ﬂ 0.77 wsoh :
100 T ] |
06 H / 400}~ ~400-
80 I
e S 3%0F |
7 1 ) | |
60 2 ) ,4“‘30(?
o ] 250F
20 H 200—\“2“0‘0/7
0 : : : : r 150F) “““ Lo, : ‘
2 4 6 8 10 2 4 6 8 10
tan B tanp

my+ > 480 GeV from B — X!

hs phenomenology: more similar to MSSM
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cont: A¢]

120 -
0] e e e L= 0 s S il

80

60

Mh,(GeV)
My, (GeV)

0[]

20

N
~H
o
®

tan B

Red regions excluded by direct searches at LEP and CMS

Projections fit LHC14: above regions completely excluded

At .
i > very large, conclusions could change... ]
my

[if
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Back up Flavour
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Modelling U(2)} = u@a x U@)u, x U)o,

U(2)} exact — my=mg=mg=m.=0, Vexy =1

0|0 0|0
won(312) e (HE)
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Modelling U(2)} = u@a x U@)u, x U)o,

U(2)} exact — my=mg=mg=m.=0, Vexy =1

AY, |0 AYy |0
Yu—yt< 0 1> Yd_)’b< Od 1)

e AY,~(2,2,1), AYy ~ (2,1,2) to obtain quark masses
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Modelling U(2)} = u@a x U@)u, x U)o,

U(2)} exact — my=mg=mg=m.=0, Vexy =1

B AY, | xxV B AYy | xpV
Yuyt< 0 1 > Ydyb< 0 I )
e AY,~(2,2,1), AYy ~(2,1,2) to obtain quark masses

@ Minimal U(2)3: only 1 doublet V ~ (2,1,1) to explain CKM

Verm(Su, Sa, 9, €1) — all 4 physical pars. from tree-level observables! J
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Modelling U(2)} = u@a x U@)u, x U)o,

U(2)} exact — my=mg=mg=m.=0, Vexy =1

B AY, | xxV _ AYy | xpV
Yuyt< 0 1 > Ydyb< 0 I )
e AY,~(2,2,1), AYy ~(2,1,2) to obtain quark masses

@ Minimal U(2)3: only 1 doublet V ~ (2,1,1) to explain CKM

Verm(Su, Sa, 9, €1) — all 4 physical pars. from tree-level observables! J

Assumption: all flavour violation controlled by AY, 4, V

i.e. Lnp built with bilinears like @, Vyuq3., G A Yqdr

CBei¢B . . _
Example: Lxp D LT(vtbv;;)?(dmbL)% i=d,;s [BY,—Bj,]
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Supersymmetric realisation of U(2)3

\ SUSY with heavy 1,2 generations

= 51,2 v flavour-blind CP violation (EDMs)
v' ok with collider bounds

u (j3 Impossible in U(3)3!

= (1,2
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Supersymmetric realisation of U(2)3

SUSY with heavy 1,2 generations

=+ 5152 v flavour-blind CP violation (EDMs)
v' ok with collider bounds

4+q3 + (j3 Impossible in U(3)3!

=+ 41,2

LF—breaking ~ <~7T 572(AY7 V) (~7

Cd K —K*s e’ g
wt ~ —K c —cysre
. a2t JLR SL,R

0 se 1 ; - dj

i L,R
WR ~ 1+ 0(ys/ys) K = sge’® Wi

Leg=Lsm (1 + Fz+ Fuz + Fge + Fyy + Fp)
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Back up  Vacuum stability
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Other neat indications of a NP scale?

SM vacuum is metastable = does not require NP!

[DM and neutrinos can be included without further destabilising]

0.10 180 T T T =
0.08F 30 bandsin ]
M; = 173.4 + 0.7 GeV (gray)
3(My) = 0.1184 + 0.0007(red)

~ 006 My, = 125.7 + 0.3 GeV (blue) 1 3
2 [}
g om 3
a el =
3

2 g
8 o02[ £
> °
0 o
3 5§
I 000 °

-0.02 170+ 08 ]
M, = 175.3 GeV. Stability
004k 168 L . . . . .
102 104 106 108 10 102 10 10 1018 102 120 122 124 126 128 130 132
RGE scale 1t in GeV/ Higgs pole mass M, in GeV

Buttazzo Degrassi Giardino Giudice S Salvio Strumia 1307.3536
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Other neat indications of a NP scale?

SM vacuum is metastable = does not require NP!

[DM and neutrinos can be included without further destabilising]

e T T . .
30 ] Phase diagram of the SM potential

Planck—scale - 105 [ T T 7

J 1 F i

3 s F ]

T b % 100 ]

\E/ d F] L (hy~m ]

= T og [ stable ]

o £2 5 [ ]

£ 28 10F ]

= =P L i ]

3 < L Anthropic band b

5] E L 1
15 £ 10°

3 5. L 1

B £ [} ]

g gz L 9 g < ¥ (=0 1

F Ty [ 2% | =g seble ]

‘g 1011 £ ]

10 & ! ! J

-0.10 _0.05 0.00 0.05 0.10

Higgs coupling A(Mp)) Higgs coupling A(Mg)

Buttazzo Degrassi Giardino Giudice S Salvio Strumia 1307.3536

But: A and y; are “crytical”, accident or deep meaning?
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