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Low enerqgy imprints
of (Higqs) aampos&emess

Giacomo Cacciapaglia (1721 Lvam)

Orsaj 2023 W mass worwsho[o



Motivalion

o Comgosi&a models ‘solve’ the Hierarchv Frobi&m...

o with new scale in the mulki-TeV'

o What are we Looking for?

-> Precision EW + Higgs observables
-> Light COMPOS£E€ scalars
-» mulki-TeV resonances (top parthers, pNGBs, sPav\--l)



COMPOSTTE
" HIGGS

COMF’OSEEQ Higqs models 101

o Symmetbry broken bj a condensate (of TC—fermions)

o Higgs and longitudinal Z/W emerge as mesons

(F?E,c;sr\s)

Scales:

J : Higgs decay constant

V : EW scale

m, ~ 4 f
N
[ f>4dv~1TeV |

. Limi&:

Vacuum
misalignment <




COMPOSTTE

ST

Composite Higgs models 101 & |

o Symmetbry broken bj a condensate (of TC—fermions)

o Higgs and longitudinal Z/W emerge as mesons

(F?E,c;sr\s)

In the TC Limik:
Tiasiay)

The Higgs is a Light
scalar resonaince
(dilakon?)

misalignment *°



A minimal case

SU(2)1c |SU(4)y |SU2)L | U(T)y

AM&isjm mebric makrix

(T =T

SU(4) —> Spl4)

T.Rj&l‘:ov, FSannine 0%09,0713
Galloway, Evans, Lu.F:j, Tacchi 10011361

This &kec;r:j LS
Asjm tobtic Free
and cau{i’mes i the IR/

Under the global symmetry SU(4-):
>o— U -2Xg-U 4

Higgs
58p(4) = (272) D (17 1)




WZW watkters!

In QCD, ac:-upting of the plowns
to EW gauge bosons are
generated by (global)

anomalies’

dy 1 . 2 -
Lwzw = 642?2 7 (g2WWWW —q. BWBW>
d¢ =4 o Predictive Fc}wer!
Dimension

) Cou[ai.i,ng ko 2 pha&ons vanishes!

of TC rep



HIGGS

CQMPOS&Q Higqs models 101

How cai Light states emerge?

Gauge LOO’PS

TC-fermion masses

Top Laaps

--mm &OP --mm

(h massless for
vanishing v) §

a

This can be
smwall!



The partial compositeness
paradigm

Kaplan Nucl.Phys. B365 (1991) 259

. 2 47 f .

Ad_l OHqL 1R Am%[ - (—> f ‘ Both irrelevant if
fl. Aq.

we assume U | dge > 4

Let’s postulate the existence of fermionic operators:

i This dimension
dp =575 (Yr qvFr + Yr qrFR) is not related
Aﬂ. , to the Higgs!

/

dr—5/2
A
flyr aLQL + yYr qr@R) wikh YL/RJ ~ i 47 f




Sequ,@.s tering QCD i

Partial «aampos&&amess

gTC : rep 4
@,
SM EW

global = 0@ 0 =4l

s

PNGB Higqs
DM?

y G Ferretti, D.Karateev
T‘EF.’ i< 1312.6330, 1604 .06467
. ; ?

X T' = QQx or

colour + hj[aem:harge

a) (xx).#0

coloured FNGBS
di~boson

bla o =0

Light Ec;:-p par&s«ers
from t Hooft anomaly
conditions?

QXX



Starting with misalignment models

o Effect expressed in terms of oblique parameters: § &
T

COMPOS£E€£ case:

Effects from H Loops
see 1502.0471%

0.15 3 b A2
| ; AT =18 sin“ 60 In —
0.10 167cg, m?
0.05 | Iy | "2
; / AS = —ssin’ln — + S5y sin® 6
~  0.00 Lo 127 m?

¥ e

-0.05

Arrows: haive conkribution

-0.10

of top partner Loops.
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Contribution of top partners

o Top-partners are bo\rvons of the new strong sector:

——— EW gqauge e,

Inkeractions

Ecomposite = tr [’QEA ( A) zpA] — My tr [’QBA"PA] + tr [%1 i p "/}1] — My tr [151%01] +

(2.12)

o Effect of mixing with the top/bottom fields usually considered:

Lix = yraf tr [AE"YOUH¢5U12;] +yr1f tr [AEVOUH%U%]
+yraf tr [AEVOUH¢1UE] + yraf tr [AL’YOUH%U%]

+yrf tr | AP o UnysUL | + e,

Mixing angles:  sin[¢;] x y; sSin[gp] x yp Yy, o sinf¢y;] sin[¢hp] —



Contribution of top partners

o Top-partners are bo\rvons of the new strong sector:

Inkeractions

Ecomposite = tr [’QEA ( ﬁ zpA] — My tr l’QBAwA] + tr [zﬁl i ﬁ 1/}1] — My tr [151%01] +

+K tr [zZA A ¢A] + K (t'r [z/;A A ¢1] + h.c.) : (2.12)

o Additional couplings in the strong sector: generate
corrections to the W/Z coupling via misalignment

New conbribubion ko $ $. T H.Cail, G.C., 220%.04290



Contribution of top partners

HCai, G.C., 220%.04290

SU(4-)/Spl4
) P( ) Bi~-doublek:

Stinglet:

PDG CDF

Sin[¢r]=0.3

Sin[a]=0.15

PDG CDF
Sin[¢.]=0.3, Sin[a]=0.15

o Top-partner masses i the multi-TeV scale,
compatible with lattice resulks

o New effects crucial in some cases (bi-doublet)



“Technicolor” wmodels

Compositeness scale f=v

o The Higgs arises as a “light” resonance (dilaton-like?)

h h? ,r mE h
L= Loy +&v (14 26y -+ Koy — —TrD UtD U + 6h8“h— S (14 Voadan

4

o The couplings of the Higgs stem from the strong
dynamics, and they could be larger than the SM ones!

1 A?
S = (].—K,V)ln——l-ASUv,

127 mh

ky>1 = AT > 0!



“Technicolor” models

Compositeness scale f=v

1 A?
—(1 — F&%/) In — + ASuyv ;
mp

CDF with ng=2

o TPossible to obtain sizeable shifts in the W mass, contribution
from top partners (to be added) can further help!



“Technicolor” wmodels

&.C., Clol FSannino 2104.0¥%¥1y%

o The most inbriquing “coincidence” stemming from the
anomalous muon -2 |

Old RK resulk:

2
Vi ) e Nro=2, (VoY p)os=0.035
: A"2FC 812“(:

Aa,=250-10"" for Aqc=2 TeV ~4av

Suppressed in misalighed models:




