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Strong coupling n BSM

. Com[@osi&e Higqs model s e

o Compasi&e Darke Makter

o SIMT

@ Darlke gtuebatts

. Comgosi&e axiLons



Which &keory to choose?




2) w.

Let’s choose first the probtem:

whal is nside the Plusk?

%




COMPOSIT;
_HIGGS !

Comgosi&e Higqs models 101

o Symmetry broken by a condensate (of TC-fermions)

o Higgs and longitudinal Z/W emerge as mesons

(Fvwms)

Scales:
J : Higgs decay constant
V : EW scale
m, ~ 4 f

EWPTe T o T

[ f2> 40 ~1TeV |

Vacuum
misatigmmem& 3




T.f?.jftf:ov, F.Sannine 0¥ 09,0713
(’"‘:rai.i.owaj, Evans, Lulty, Tacchi 1001.1361

The EW svmmeﬁrv
is embedded in the global
flavour symmekry
SU(4) !

o The gtobaL sjmm&ﬁr3 is broken: ‘SU(‘P-)/SPM-)

Witten, Kosower

o § CGroldstownes (pmms) arise;

58p(4) g (27 2) D (17 1)

Higqs i additional singlet




_HIGGS !

COMPQSEEQ Higqs models 101

The difficult parts:

 Gremnerate the needed misalignument (via an
effective potential)

Generate couplings for the top (and other
SM fermions)

Correct Higgs mass and couplings :

Conformal window




The partial compositeness
paradigm

Kaplan Nucl.Phys. B365 (1991) 259

. g A f .

Ad-1 Onqrar Am3; ~ (—) f2 Both irrelevant if
f. Ag,

we assume; U | dpz > 4

Let’s postulate the existence of fermionic operators:

1 This dimension
dp =572 (gL @r 1t UR qRFR) s ot related
Aﬂ. ; to the Higgs!

/

dr—5/2
A
flyr a1Qr + Yyr qrQR)  with  YL/RI ™ i A7 f




Top partners as barvams

Goauge-fermion underlying theory

1 ) Evpitod.tj Loop-suppressed
1%
A qO-lu @DGW/
. St P ) Psi. need to carry QACD colour and
T flavour quantum numbers: too mam:}!
d%aive Sy /2

o too many adjoint fermions!



Top partners as baryons

Grauge-fermion underlying theory

16
A—2 g o higher dimension, but easier to generate
. o
T e More freedom in choosing the fermion
representations

d%aive e 9/2




Top partners as bm*vanms

Goauge-fermion underlying theory

A—2 g o higher dimension, but easier to generate
* o More freedom in choosing the fermion
: rapresem&a&imms
d%alve e 9/2

'@-l
o What generated the 4-F interactions? vim ﬁ
| 1(\

o We need large anomalous dimensions:

strongly coupled conformal phase!




TQF' partners as barvoms

Goauge-fermion underlying theory

100,000 ‘T‘e\i £

| #7 8 Q Physics generating fLavour
Y. - skructkures and 4+ amuptiv\gs
=
! L §
, o
{ !“:

10 TeV ' A 47Tf

foil : / Low enerqy EFT

<4 b

| Misalighment

100 Gey | vsm ~ fsinf




‘T‘QF' partners as barvoms

Goauge-fermion underlying theory

100,000 Tey { Aﬂavour

I TOWMLOIOD

The theory needs to Lie Just
below the conformal window




IR Model z.ooi.ogv

SU(5)/SO(5) x SU(6 /S0(6)

--
-
Pseudo-Real SU(5)/SO(5 X SU(6 /Sp(6)

S T NN 1 e —
] oxa | ot | iess [ S50 s | amemi |
0 Y
Complex U(5)/SO(5) x SU(3)?/SU(3)

P T T e T T e
--

Pseudo-Real SU(4)/Sp(4) x SU(6)/SO(6)
e axr | axe [mvosn [ggg] o [ imms | 38
T T T T
Complex U(4)%2/SU(4) x SU(6)/SO(6)
Complex Complex
e S Cha )
U (¥

Ferretbi
1604 06467
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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)| 4 x(F,F) 3 x (S2,Ss) Nuc>5 |smacsay| 2/3 /

SUNuc)| 4x (AnKs) | 3x(EF) | Nac=5 | 4 | 2/3 / H




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(2NHc) D X A2 6 x F 2NHC >4 S(NH;:_I) 1/3 QNHC =4 M5
SO(Nuc) 5xF 6 x Spin  |Nuc=11,13| 2, = | 1/3 /
Real Complex SU(5)/SO(5) x SU(3)?/SU(3)
| l !
SU(NHc) D X Ag NHC =4 M6
SO(Nuc) 5xF Nuc =10 M7
Pseudo-Real
Sp(2NHc) 4 x F 2NHC =4 M8
SO(Nuc) 4 x Spin Nuc =11 M9
theorie altna - violet
Complex ; Aian
b Ceci nest povs une .2

SO(NHc) 4 X (Spin, Spin) e . o NHC =10 M10
SU(Nuc) 4 x (F, F) 6 x Ao Nuc =4 % 2/3 Nyc =4 M11

Complex Complex SU(4)?/SU(4) x SU(3)%/SU(3)
SU(NHC) 4 x (F, F) 3 X (AQ,KQ) NHC > 5 3(NH4C—2) 2/3 NHC = M12
SU(Nuc)| 4x(F,F) 3 x (S2,Ss) Nuc 25 |gmacsay| 2/3 /
SUNuc)| 4x (AnAs) | 3x(BF) | Nuc=5 | 4 | 2/3 / H




Partially Unified Partial
. COmpositeness (PUPC)

i G.C., SVatani, C.Zhang
i 1911,05454, 2005,12302
o
o' .l

u“;"u

Condensation scale

One of Ferretti
models

Usual Llow energy description
of composite Higgs models

s Skandard Model

12



Partially Unified Partial
. Compositeness (PUPC)

i G.C., SVatani, C.Zhang
i 1911.05484, 2008,12302
o
0, 'D

One of Ferrebti

i Conformal window 4

i e : : : v i o

i (large scaling dimensions) TGRS -

additional fermions
e Condensation scale

Usual Llow energy description One of Ferrekti

of composite Higgs models models

» Skandard Model
12




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» Skandard Model
12




Techini-Paki-Salam Parallel kalk:

F‘rid&vj

o Simyies& model ( Wy )
embeds an Sp(4) TC e ;
with SU(4) Paki-Salam ]
in SU(E)

13



. . Parallel talle:
Techni-Pati-Salam Bl

o Simplest model
embeds an Sp(é-) TC
with SU(4) Paki-Salam
i SU(®)

o Is this theory conformal?

o What are the anomalous dimensions?

PU breaking
(scalars)

v

IR conformal dyn.
(walking)




Sp(de») on the lattice

1911.004-37, 1912,06508

o This slide: 2F + 3A with quenched fermions (M%)

Thu:rsciav P&raitei. Falles will
glve more u,pd.aE@.s

Biagio Lucini, Jong-Wan Lee,
Ho Hstao, Jack Holligan

18



Other btheories

o SU(4) w. 2A + 2F (rel. for models M& and M11)

1%01.06%09

Tkursol.o\v: Yigal Shamir | -
F-'»‘rida:j: Alessandro Lu,gac;a»

Scalars

First computation
of baryon masses!

Mg
= D
Fa
I Tensiown
MO’&Q: F—A Gy reduced
for M11

16



Other btheories

o SU(4) w. 2A + 2F (rel. for models MS and M11)

30 |@2mh =0.150 u MPbR /L

Tkursciajz Yigal Shamir aam, = 0175 o MY/FY

m am, = 0.200 M’()g/Féi

F‘»"rid&v: Alessandro Lu.Fc,:-
2011.08175

o SU(3) w. ¥F or 4+6&F

Thurs&av: Oliver Witzel,
Jamwes Ihgalb'j 01 02 03 0.4 05

Mg/ My

o SUR) w. 2F (minimal template without PC)

ﬁriciavz Vincenk Drach

17



Other btheories

o SUR) w. 2F (minimal template without PC) [see slide 4]
Friday: Vincent Drach

Scalar channel (0+) :

— Determination of the flavour singlet coupling: the 0+ mixes with the would be Higgs boson altering
tks physical Proper&ias (see 1%09,09146) and can be praduaed at the LHC,

- Resulks strongly suggest that in the explored region of fermion masses the sigma is a bound state,
however more phenomenologically relevant regions (non stable sigma) will be soon investigated

Phase-shift in the vector channel - from 2012.09761 Phase-shift in the flavour singlet channel - from 2107.09974

===- bound state condition
41 —— LO ChPT

0.3 035 04 045 05 055 0.6 0.65 0.7 0.75
aECM

2mP



https://arxiv.org/abs/2012.09761
https://arxiv.org/abs/2107.09974

A closer loolk ok the EQF? and
Higgs masses

o At the £FT level, the «tompuh&on can be done in
two WaYS:

1) Integrating out the massive Baryons that mix with
the top quark.

2) Introducing EFT operators in terms of the
spurion couplings of the top to the composite
operators (that generate Baryons)

o Are %hev aquiv&i&m&?

19



A closer Llook ab the &?P
and Higgs masses

o Are Ehev equivate»\&;? No!

Consider a qeneric Ferretti model, with a Llight ALP coming from the
spontaneous breaking of a global U(1) symmetry,

Baryoh mixing, Q and S

—,CPC T nyeng% QPLQ o nye’LfS% EPLS —i% (f y%f2
Foir

—y He %57 SPrq— ywHe “%%a tP1Q Mg Mg

T‘op nass opera&or

—Lom, = yryrHe'5@15)7: §P; g e G O(y?)

The results are parametrically different.
What is the impact on the Higgs mass calculation?
Heavy Baryons may not be disfavoured!

Vol B
+€sny ) ~ O(y*)

20



There’s something about Muons

Technicolor skrilkes back?

BR(BT — KTutu™)

0.044
Rk = = 0-8463;.(;41

Ntc=2, (Yo¥q)bs=0.035

BR (BT — Ktete™)

g2 nfixes the scale o§ new thjsics

natural values for TC-like
theories! 5

e
ACLNJ‘BSM £

=) TeN = 47y

RK requires large muon couplings

G Cacciapaglia, C.Cot, FSannino (&&&&ih&bt@. U S&T’OMS djh&MiﬁS)
R104- 0¥ ¥1¥ 1




There’s something about Muons

Technicolor skrilkkes back?

o If this scenario is confirmed by the anomalies, the
Higqs must be a dilaton-like Light scalar.

o Latkice crucial aompu&ia»\g tks mass and c:oupungs!

o Which theory? [Back to slide 10]

T ku,rsciav parau@.t sessilon:
Maarten Golterman, Chilh Him Wong

R2



Cubkloolke

Composite (Higgs or Dark Matter or...) models
are a feasible route for New Physics

Lattice tnput is d&ari:j needed ko establish kthe
feasibility of these scenarios

Intriquing hink: muon -2 and R explainabte via
TC-like Eheories!

 Lobs of useful resulks aireadj available, and
nmuch more to come (_sEa\;g tuned to the parallel
sessions)

R3



