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Do we skill need BSM?

We have a pretty
good idea of

the mechanism




Do we skill need BSM?

Composi&aness is a way ko dvnamitaLL:j [oro&@.d:
the Higgs mechanism!

No scalars

-
-

No hierarchy problem! Compositeness

scale

3 TeV Ao ~ dmosm

Comgosi&e scalars

UsM 246 GeV




Comgosi&emess,
and the Higqs bosown

QCD kem pto&e:

o Goldstones include the . 7T PLOV\S
Llongitudinal d.of. of W and
Z

o the Higgs is a heavv bound -5l 5 SE«SW’\O\

state (singlet under H)



Comgosi&emess,
and the Higqs bosown

QCD kem pto&e:

o Goldstones include the
Llongitudinal d.of. of W and
2

e T Pwms

o the Higgs is a Easeu.do-—

g  sigma
Goldstone (FNGB)



Comyos&emess,
and the Higqs bosown




Comgosi&emess,
and the Higqs bosown

Mixed




The ~CD approatk

&G, FSannino
Define a confining gauge group (GTC)  1402.0233

Add in N fermions charged under the confining
group &TC

Assign SM guantum numbers to the fermions (thus
providi&ag embedding in the global Sjmmeﬁrj)

Couple them to SM fermions

Cruides EFT cownskruction!

Laktice resulks can be used! See Enrico’s kalle




The ~CD approw::k

o Models with a plon-Higgs allow a mwass
term for the fermions!

Grauge-invariant 0
’ 140}
nass term ww

< w w> EW preserving

VACUUW

o We will be inkerested in non-chiral theories
(“real” in Roberto’s talk)

o Good news for Labtice: chiral Limik not needed!



The ~CD approm::k

Crre Crr SM

w Krc Ke [Ksm
Rrc s real: Gr = SU(N¢) <¢Z¢J> SU(N¢) g SO(Nw)
pseudo-real: G= = S[/(2NN,) <W¢j> SU(2Ny) — Sp(2Ny)

complex: Gr = SU(Nw)Q <¢7’¢]> SU(]\%)Z = ST



The ~CD approac:k

B w Higqgs “
k G : ; Cwr
cose | T L.E T dc";u,bi.e&s F’N Bs

-------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------

SU(ﬁ)/ S0(5> SU(4> & 1 1 4_ Dugan, Georgi, Kaplan

TES

SU(4)XSU(4> SU(N) {My\d 2 15 &.C, T Ma

l80%.07014

&.C,, M.Lespimasse

SU(@)/SF»(@) S[p(zN)fuMd 2 14 n prep.



The hot potato: fLavour!

| o Are large baryon
100,000 T&\l ’f Aﬂavour Flavour scale anomalous dimensions
‘ consistent with CFT?

o Whal are Eh@j tompc;s&a

Conformal of? (QCD colour...)
region
o What generates the
Yulcawas?
10 TeV A ~ 4t f Vector resownances,
g Top partners?
1 TeV f Condensation scale *
(extra pions) A
Tkev might, or might not,
100 GreV vep ~ f sin @ EWSB play a role in the

naturalness of the
plon-Higqgs Fw&em&iat!




CQMPQSL%@. Darlke Makter

o Somwe P&oms may be stable due ko
residual unbroken gwbat
svmme&ries

o Stable teclni-baryons may give rise
to asymmetric DM S Nussinow

Phys.Lett, B168, 55 (19%5)

See Michele’s kalle




Comgos&&ev\essz ‘
DM and the Higgs!

One dvnamics to rule Ehe all!




SU(4)/Sp(4)?

Frigerio, Pomarol, Riva, Urbano
1Ro04- 2% 0%

241

f? Tr(D,T) DS = %(c’-)ph) 5(@u)”

2

1 [_(h'(?p'(} — n(‘?uh,)z] +O(f ';)

482

+ (2921-1'-’,1 Wos +(g”i—g’2)ZpZ“) [f"*sﬁ - =

1 : 9 1
+§(‘726h£ — 541°) (1 - m

d,, cos 0 m
647~  f

»CWZW iy (QQ WILLVWILLV 50 9/2 BMVE,LLV)

No Linear couplings in the chiral Lagrangian,
however ik det&js via the WZW interactions.



TC Limik: 0 — g

1 . 1

5(8;»"')2 + 5(0#7})2

1
48 f2

> Tr(D,X) DFY =

[_(h'(?p'(} — n(‘?uh,)z] +O(f ';)

Rkvft&ov, Sannino

0% 09,0713 In the TC Limik, SF.*(ZQ—) C U(l)em % U(l)bm

o h +in is charged under the unbroiken U(1)om,
V2 and thus stable (TIMP).



A tampas&e 2HDM

&.C, T.Ma
SU(S)HC 160% 07014
"QCD wikh
4 favours”
Triplet Complex bi-doublet
(RHDM)

SURIR Triplet



A ﬂompos&e 2HDM

&.C,, T.Ma

SU (3) HC 150%.07014

Is it there o parity stabilising the pions?

S Sy papt O p:("; _?,2>

S %8

Hl iy H1 } Mimics the minimal case
Jal O —H 2

A — —A Dark Sector!

N — —N



A t‘ompas&e 2HDM

&.C, T.Ma
l§0¥x. 07014
1 [ 0;AT+5//2 —i®y . vel 0
= — v , )] = el T :
{1 2 ( ?‘DL a;N* — 9/\/5 (P 5 SRy 0 ve'P

o cosf 1 e sinf 1
T\ —e*Psing 1 cosf 1

Bebla can be removed bj
an SU(4) rotation:

Beta = relative phase of the two T-quarks:



A t‘ompas&e 2HDM

&.C, T.Ma
1§0%.07014

Lyvwe = —f (@tn) |TPLa(yu® + yo=)] + (02)as T P (3T + ]| + hc.

sLNNEE S HNEE O

4 “Yulkawa” ac‘;u,PLLv\g)s.

Pobential
for theta

Vico (@) =0, f4 | 8|32 =it -+

h
2/2|Y;|? sin(26) 71 +
P +4v/2 Im(YY;) sin 6 %

: A
B 212 Re(Y7Y;) sin(26) 70

Set to zero
by phase-shift

Custodial
violating

VEVs!! No + Ao

f

by 4 I (V1Y) sin” 0



A t‘ompas&e 2HDM

&.C, T.Ma
1§0%.07014

Lyvwe = —f (@tn) |TPLa(yu® + yo=)] + (02)as T P (3T + ]| + hc.

sLNNEE S HNEE O

4 “Yulkawa” ac‘;u,PLLv\g)s.

Pobential
for theta

Vico (@) =0, f4 | 8|32 =it -+

h
2/2|Y;|? sin(26) 71 +
P +4v/2 Im (Y Y;) sin 6 %

: A
B +2v2 Re(Y15Y;) sin(26) 70

Set to zero
by phase-shift

Custodial
violating

VEVs!! No + Ao

f

s1igd)| Im<}-;7i<}/t) sin” @



A «a‘om[pos&%@. 2HDM:
spe&%rum

The spea&rum assem&iatbj d@.pawis on 2 paramaﬁarsz

o A Yukawa coupling; 5 Mapr — My

Mapy, T My g

o A mass difference.

2 _ ol
le mll1'7

2 2 2 . 2 2 e
4 N 7 4 r N Tnl l b «a & a J J T _‘t N Tnl (/ . 4
m J\U s( ) l ) N m g 811129

-+ ...

2mg, + m%,
5 7% 16sin%6
mé,

“2sin®0

m: + C

|

m>(1+8) + C,




A {:om[pos&%@. 2HDM:
spea&rum

{[TeV]

Fp =2V2f

» CP-odd

- charged

(DM?)




A aomyos&e 2HDM:
Darle—-Makter

QQ.LL& &buhd{lhﬂﬁf 1703.06903

Excluded

1000 2000 3000 4000
M, [GeV]




A &OMPOSEE@. 2HDM:
Dark—-Makter

Direct Debection b

Thermal relic Fixing DM relic

--- XENON-1T
— PandaX-il
— LUX-2016

--- LZ-projected ‘ --- LZ-projected

0 4 0
1500 2000 2500 3000 500 1000 1500 2000 2500 3000




A &omPosiﬁe 2HDM:
Darke-Matter

Combined bounds:
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Latbice resulks

AHasenfratz, C.Rebbi, OWikzel
1609,01401, 1611.07427

Study QCD (Le. SU(3) gauge theory) with 12 flavours.

4 flavours are Light, with mass 1,
¥ flavours are heavy, with mass 775

Conformal Chiral sym.

U\; behaviour | broken (waSSS) A IQ

12 flavours 7 4 flavours l



Latbice resulks

AHasenfratz, C.Rebbi, OWikzel
1609,01401, 1611.07427

w2m;, = 0.050 o, Mbh/F L . wam, =0.050 A Mi/F I
mam, —0.060 A M,/F, mam, — 0.060 M., /F.

s 2m;, — 0.080 1 1 - i+ mam, — 0.080 y
m 2m;, = 0.100 s 2m, = 0.100

|l
*:'t axtal-vector
|

b3
Lo
A%

PDG 02 04 06 0.8 PDG 02 04 06 08
mg/mh mg/mh




Latbice resulks

AHasenfratz, C.Rebbi, OWikzel
1609,01401, 1611.07427

No sign of resonances becoming Lighter
in the conformal Limit!

PDG 02 04 06 0.8 12f PDG 02 04 06 0.8
mg/mp avg my/mp




Suann mMary

SEMF‘?L@. Cam[zmsi&e models can conkain a
Dark pion (and the Higqs)

Thermal relic natural for moderate tuning

Testable @ Direct Detection, but no chawnce @
the LHC!

More work needed ko @.xptcwr@. models/
theories =» FCD a precious guide + welcome
Latkice resulks!



Bownus ktraclkes



A &omPos&@. 2HDM:
EWTTs

]. - K%' AP‘C[) 3(1 - K%}) AI:C’L‘:
—1 AT Higgs = —————— |
67 . my Higes 87 cos? Oy . mp

&.C, T.Ma
1§0%.07014

ASHiggs =

sin“ @ sin@ m¥y — m?Aol Apcp

- ATpJ’VGb' 2

&7 sin® Oy miy MpNGB

ASpJ\)GU =

Rounds similar
Fo mbnimal cases.



A «a‘om[pos&%@. 2HDM:
Dark—-Makter

Indirect Detection o o

Thermal relic abundance
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A &OMPOSEEQ 2HDM:
Dark—-Makter

Indirect Detection o o

Fixed DM relic abundance
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The hot potato: fLavour!

Scale of

100,000 T&\l ‘ Aﬂavour {:QTME,OV\ YA SS

generation

How can Ehis
hierarchy be

generated?
10 TeV A ~ 4t f Vector resownances,
. ' 1)
1 TeV f L.anie.nsahic}v\ scale g~ ( 5 ) it O
(extra pions) e
100 GreV vsM ~ fsin6 EWSR Too small!




The hot potato: fLavour!

Scale of

100,000 T&\l ‘ Aﬂavour {:QTME,OV\ YA SS

generation

Inkermediate
conformal
req Lo

10 TeV A ~ 4t f Vector resownances,
Condensation scale
17T
=Y / (extra Piov\s)
100 GreV vsm ~ [ sin 6 EWSR

(W) — On

dlm[OH] 5 dH

effective Yukawa:

1
AGT

Onqiar

d—1
Miop ~ () 47 f sin 6



The hot potato: fLavour!

Aﬂavour

160,000 Tey |} Light fermions

Conformal
region

Veckor resonances,

10 TeV
Condensakion scale
1 T
3y / (exbra va\s)
100 GreV vsm ~ fsin6 EWSR

Mulki-scale
model

d—1

4

Me ~ (7Tf> 47 f sin 6
Ag,

!

w00l =d~ 1.5

Still, for the top, one
would need:

Atop ~ 47Tf



The Par%iat aomposi&emess
Parad&gm

Kaplan Nucl.Phys. B365 (1991) 259

: O qs 4 A N

Ad—1 HYLYR Ami ~ () f Both irrelevant if
. Aq.

we assume; A2l dgz > 4

Let’s postulate the existence of fermionic operators:

1 This dimension

s (gL QL]:L i ?jR QRJTR) is ok related
Nl & to Ehe Hi '
1 ; & & LSSS.

/

drp—5/2
47 f
flyr ¢.Qr + yr qrQR) wikh Yyr/rS ~ E 47 f




The Par%iat aomposi&emess
Parad&gm

Higqs
i

fyr QL + yr qrQR)

Mg ~ f = yrL,yr ~ 1 Mg ~4nf = yr,yr ~ 47w

Top can cancel Eop LOOF,
PUVC



