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Why Higgs compositeness?
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,//////////////’ o A scalar field may be made
of more fundamental fields

o We have seein this i Nature: low-energy QCD!

. Sjmmeﬁnes con be brolen djnamntattj wibthoub
generating hierarchies of scales!

o How to give mass ko SM fermions? That is THE
question! (And big challenge)



Sequ&s%eﬂ%g QCD
Partial campas&emess

g 1 p G Ferretti, D.Xarateev
TG+ rep K rep K 1312.5330, 160406467

Q X T'=QQx or Qxx
SM : EW colour + kjperakarge

global : {QQ) #0 a) (xx).#£0

$ coloured pPNGBs
di-boson
pPNGB Higgs
DM? b) (xx) =0

Light top partners
from t Hooft anomaly
conditions?



Pseudo-Real

Real

© SU(4)/Sp(4) x SU(6)/SO(6)

Real Pseudo-Real  SU(5)/SO(5) x SU(6)/Sp(6)
Sp(2Nuc) 5x Ad 6 x F 9Nyc > 12 |3 ¥uctl) | /3 /
Sp(2Nuc) 5x A 6 x F ONuc >4 |28ue=b] 173 | 9Nuc =4 M5
SO(Nuc) 5xF 6 x Spin  |Nuc =11,13| 3, = | 1/3 /

Real Complex SU(5)/SO(5) x SU(3)2/SU(3)
SU(Nuc) 5x A 3 x (F,F) Nuc = 4 2 1/3 Nyc = 4 M6
SO(Nuc) 5xF 3 x (Spin, Spin) [Nuc = 10,14| 3, & | 1/3 Nuc = 10 M7

4 x F

6XA2

2Nyc < 36

2/3

4 x Spin

Nuc =11,13

2/3

opl |

SU(4)*/SU(4) x

SO(Nyc) |4 x (Spin, Spin) 6xF Nuc = 10 £ 2/3 | Nuc =10 M10

SU(Nuc)| 4x(F,F) 6 x As Nuc =4 2 2/3 Nuc =4 M11
Complex Complex  SU(4)%/SU(4) x SU(3)?/SU(3)

SU(Nuc)| 4 x (F,F) 3 x (Az, As) Nuc 25 |3 | 2/3 Nuc =5 M12

SU(Nuc)| 4x(F,F) 3 x (S2,Ss) Nuc 25 |gmwacsay| 2/3 /

'SU(Nuc)| 4% (Az, Ay) 3 x (F,F) Nygc =5 4 2/3 /
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Partially Unified Partial
. Compositeness (PUPC)

&.C., SVatani, C.Zhang

HC and SM gauge groups 1911.084864, 2008.12302

partially unified

4-fermion Ops
Symmetry breaking bfj SCALATS  sromem generated!

_ Conformal window One of Ferretti

iy ™ (large scaling dimensions) models

additional fermions
= 4“- Condensation scale

Usual Llow energy description

One of Ferretti
of composite Higgs models

models

w Standard Model




Extended Technicolor

o Mediator is a gqauge boson from an

extended gauge symmetry

Qr
qr.

SO(N e
SU(N e

SF(N)T«:

d

d

Hard ko embed spinorial
irrep for TF or mediator

TF spe&&rum EvpétaLL:j chiral
(as Ehe SM)

V



Techni-Paki-Salam
SU(E dres x SUR) x SU(R)

@ SU(?)T?S X SU(Z)R -p SU(?) X U(l)
splits leptons from guarks

o SU(7) -» SU(4 e x SU3) x U(2)
splits techni-fermions from quarks

o SU(4 ) - SF’(Z{’)TC



Techni~Paki-Salam

l | ) Quarks, Leptons

and
techini~fermions

® = Breaks SU(¥) x SURk ko SU(7) x U(L)
¥ —  Breaks SU(7) to SU(4) x SU(3) x U
O — BRreaks SU(4) to Sp(‘t—), u(2) x U(1) ko U(1)y



Techni~Paki-Salam

Fermion sector:
1st Family 2nd Family 3rd Family
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B =[p1(1L,1), +[171(4,3)_ s +[@](1,3)_5, B =[p11,1), +[771(4,3),s +[@](1,3),,




Techni~Paki-Salam

Fermioh sector: Sp(4) irreps

1st Family 2nd Family 3rd Family




Inside or oubside the
conformal window:
That is Ehe qu,es&om!

Red: Sp(ék)
&EF + 3A
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S = Schmihgar*‘bvsam
TS = Pica-Sanninoe

Ny bEwo-index au&é-s'jm.

1{f su(4) to SF?(‘-’{-) broken ot high scale, the
theory with 12 Light fundamental flavours
s ear the SD bow\clamj‘




Techni~Paki-Salam

Fermion sector: SU(4) irreps

1st Family

2nd Family

3rd Family

Massless!
(chiral)

B [p](lal)o +[77](4, 3)-1/.4 +[a)](1, 3)-1/3’ B =[ﬁ](1,1)0 *‘[77](4, 3)[/6 ""[@](1’3)1/3




Inside or oubside the
conformal window:
That is Ehe qu,es&om!

Blue: SU(4)
10/ + Z3A
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SO = Sﬂkwingerﬂ’(33$0n
TS = Pica-Sannine

Ny bEwo-index au&é-s'jm.

1f su(4) to SF?(‘-’{»—) broken at low scale, the
theory with 20 Light fundamental flavours
s ear the SD bow\clamj‘
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Inside or oubside khe
conformal window:
That is the ques&am!

w

N

N

Lattice resulks
crucial in determining pacr-Dyson
the conformal window PO
and ammpu&e the anomalous
dimensions!

N1 fundamentals

1f SU(4) to SEPLTON t low scale, the
theory with 20 Light fundamental flavours

is near khe SD bou,mdartj.
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The Lagrangian
8

-

—HH

2 2 2

()Lﬂa@ Qa %RT(I@TQ + )\ZTQA*E + h.C.) y

-n--lﬂ

o TPS gauge bosons can give mass to one
generation

1 1 1
— UG NON® — ZpzE% — “A\gEVE — (AFT PN’
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The Lagrangian

1 1 1
Ly = —SHy NN = ZpzE5 = SAgEVE - Ay T*®N°

+A?)Lﬂa@ Qa -+ /\()RTG@TQ -+ A TQA*— -+ h C.

)
- (ASTQON" + AERY O, Y + h.c.)

o TPS gauge bosons can give mass to one
generation

o Adding a second copy of scalars give mass
to second generation!
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The Lagrangian

1 1 1
_§“NNCLNCL o 5 :EE o 5)\@H\IJH ()\%bfra(I)Nb

+ %LQCL@*Q(L_l_ %RTCL(_)T(L+ TCLA*—'+110) ’

- (ASTQON" + AERY O, Y + h.c.)

| A
—5)\]\},:\11;\,:.

—\%, QA LE + hee.

TPS gauqge bosons can give mass to one
generation

Adding a second copy of scalars give mass
to second generation!

Delta’s qive mass ko the first generation!
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The Lagrangian

1 1 1
Ly = —SHy NN = ZpzE5 = SAgEVE - Ay T*®N°

A, Q0% 0 + N4 T 0T + AA T A*E + h.c.

)
- (ASTQON" + AERY O, Y + h.c.)

TPS gauge bosons ca
generation

o Adding a second coy
to second generatior

d ... OF LOOP induced!
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Lattice wishlisk

' Is Sp(4) with &F + 3A conformal?

' If yes, what are the chimera baryon

anomalous dimensions? [This could rule out the
scenario]

Is SU(4) with 1oF + 3A conformal?

If yes, what are the chimera baryon

anomalous dEMQMSEOMS? [This could rule out the low
SU(4) breaking scenario]

 Low energy spectrum and form-factors of
Sp(4) with 2F+3A or 3F+3A,
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Neubrino maosses

o Can be generated bfj Al Lverse see—sow
mechanism (naturally built-in)




A Dark Maltbter candidate
from baryon number

o Baryon number is conserved bj the Yulkawa
interactions (and scalar VEVS)

Global charges

Fields B L H
SM quarks | 1/3 | 0 0
SM leptons| 0 1 0
L? 0 0 | 1/2
Uut. DP 0 0 |—1/2
U, —1/2) 1/2 | 1/2
X W —-1/64 1/2 | 0
1 1/6 | 1/2 [—1/2
p 1/2) 1/2 | -1
NP 0 0 0
Vps 0 1 0
VBHC 0 0 0
VaHC 0 0 1

Assuming asymmelric
production:

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

Mp< Mx<Mn

B
....................

FIG. 6: Points saturating the DM relic density in the M,
vs. M, — M, parameter space. The solid lines correspond to
T. = 246 GeV (black), T, = 100 GeV (red) and T, = 500 GeV
(blue).




