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,//////////////’ o A scalar field may be made
of more fundamental fields

o We have seen this in Nature: low-enerqgy QCD!

o Symmetries can be broken djmamoaattj withouk
generating hierarchies of scales!

o \i@.rv simple models can be builk. (With coveats...)



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&

R




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)

In Ehe TC Limik:
Tiazm )

The Higgs is a Light
scalar resownance
(dilaton?)

m, ~4rf ~2TeV Vacuum

R

misatigmmem&



The fermion partial
Compas&emess

Fmraci&gm

Higqs
i

flyr a.Qr + yr qrQR)

MQijy[myRNl MQN47Tf:>yL7yRN47T

Top can cancel Eop LOOF,
PUVC



0.1 < q? < 8.12 GeV? _ BR(BT = Ktutu™)
Belle BR (B+ — K+€+€_)
1.0 < ¢® < 6.0 GeV?

LHCb 3 fb!
1.0 < g% < 6.0 GeV?

LHCb 5 fb™*
1.1 <q? < 6.0 GeV?

LHCb 9 fb™*
1.1 <’ < 6.0 GeV?

_ +0.044
o 0'846—0.041

This deviation signals
violakion of lepton
umiversau&j!



Muonh 9-2 anomaly

g, — 2
Aay, ' Saeil Aaulopp + Atulpw + Adulgop + Adulpgy

2

116584718.9(1) x 1071 /0.001 ppm

153.6(1.0) x 10~1!  0.01 ppm

6845(40) x 107~ " S Pl

92(18) x 10™11  0.15 ppm



Muonh 9-2 anomaly

g, — 2
A u2 B AaM‘QED + Aay| gy + AQM‘QCD + Baulpgar

N o 2BL(59) 10

2
m
g -
|BSMN A2

v

A= eV < Ay

Aay,

Standard Model Experiment
Average Amomatv pom& to Ehe wost

75 180 185 190 195 200 205 21.0

9 natural scale of Technicolor!
a,x10° - 1165900

(compositeness at the EW scale)
&




Muonh 9-2 anomaly

g, — 2
A u2 B AaM‘QED + Aay| gy + AaM‘QCD + Baulpgar

lattice —8B—
R-ratio —6—
-

BMWc'20
Mainz'19
FHM19
ETM19

BMWc'17

. " DHMZ19

Standard Model Experiment KNT19 :
Average CHHKS'19 no new:physics

75 180 185 190 195 200 205 21.0 21k 660 680 700 720 740
1010 5 aLO-HVP

a x10° -1165900 !

New lakbkice resulks reduce kension: s&av Funed! 7



How to compare different
reqimes?

&.C,, C.Lot FSannine 2104 .0%%1¥%

o We want ko compare aomposi&e models ko
per&u.rba&ve ones.

o To compare pears with pears, we define a
template model, interpolating the two
reqgimes,

o Poarkial tompos:l&emass <=» Yulkawa model



An effective model

The hypercharge 7
can be tuned to
raproduﬂé VATLOWS

models.
Table 1.  Quantum numbers of the new fermions F and
scalars § in the model. Grc can be considered either gauged, ' .
as in composite scenarios, or global in a renormalisable model W@.vi, 3 P“‘MOT’S

of flavour.

i the Ekable!



An effective model

—Lxp =y L'Fr(Sh)* + y@ (B FySh+
g Q" FL(SH)  +y (U F; (D) 7

V2rk(FLFS + FeFi)én + h.c.

o Elementary weakly cou,[oied fermions and
scalars,

o The Higgs is composite, while the scalars §
are not (fundamental partial &ompasi&emess)

o The Higgs is composite while § are composite
operators (fermionic partial compositeness)



An effective model

Coefficient Perturbative one-loop result Non-perturbative NDA

(YY) e (YQyo)es 1 (yry 1) un(YQyo s

weCh; 1] TC (471-)2]\,4]2!__ 4 (. 9) g%cAgrc

(yQuh)is

2 A2
9rcArc

(yQuH)ss 1
(4m)2MZ 8

T
My (YLY ) pp KUSM
Nopo —~Z=ZERE T PF 1945, F 2 2 t
TC (471_)2]\[% [ 4Sg LR(y) + quLR(y)]+ mu <1 + (yLyL)/_L;L>

Nrc F(z,z)

2
ATC

[quEF7(y)+2CIfF7(y)] . :

91c
mi (yLyIT,)Mu

Nrc ,.
(4m)2M%




An effective model

Coefficient Perturbative one-loop result Non-perturbative NDA

(yry) e (Youg )bs 1, (YLyL) un(YQYG Jbs

_, (z,y)
(4m)2MZ 4 9rcMic

(yQuh)is

N (YQubh)is 1
e ggl*cAgrc

" (4m)2MZ 8

e Pase Funly) +20-Gn(y)] + | +(yLy2>W>

F(xz,x)

- A 2
2 (YLYL)

Nrc [2(18 Fz(y) + 2(1f157(y)]
(47T)21\~'[3T E

It’s the mass insertion diagram
that generated the leading
conkribution to q-2

1.
(YLYE)upKUSM

To maximise the effect we assume
that the muoi mass is generated
bv the corresponding loop.



An effective model

Coefficient Perturbative one-loop result

(yLyE)w(yQng)ble(x )
(4m)2Mz 4 Y

Nrc

(yQul)hs 1
(4m)>MZ 8

my (YL y;r; ) KUSM
(4m)2M%

Nrc F(xz,x)

[2¢s, FLr(y) + 2q7GLr(y)] +

mi (ULUIT, )M#

Nrc ,.
(4m)2M%

[ZQSE Fr(y) + 2q7 F» (y)]

It’s the mass insertion diagram
that generated the leading
conkribution to q-2

1.
(YLYE)upKUSM

To maximise the effect we assume
that the muoi mass is generated
bv the corresponding loop.



There’s something abouk
Muowns »

Comgasi&a Limaik:

BR (BT — KTutu™)

0.044
Rk = = 0-846:;.(;41

Ntc=2, (Ya¥q)bs=0.035

BR (BT — Ktete™)

o 92 fixes the scale of new physics

o watural values for TC-like
theories!

o RK requires large muon couplings
(attainable i strong dynamics)

These anomalies will be
further probed in the
near future! i




There’s something abouk
Muowns »

Comgasi&a Limaik:

BR (BT — KTutu™)

0.044
Rg = = 0-846:;.(;41

Ntc=2, (Ya¥q)bs=0.035

BR (BT — Ktete™)

o chmyosi&e Goldstone Higgs
models are disfavoured:

Further su,pgareséon

bv 1/10, typically,

12



There’s something about
Muowns

Perturbative interpretation:
9-2 only depends on masses of F and S

Y=1/2 Y=1/2, (Yo¥q)bs=0.05

Coefficient Perturbative one-loop result

(YL L) ue (YQUH)bs 1
; Nrg—————F——F+7—— —F(x,
Corpp TC (471_)2]\[% 1 (.lf} y)

(youh)es 1
,‘ _F(‘T’ :L')
(4m)2MZ 8
My (YLY L) e i0sM
(4m)2 M2

Nrc

295, FLr(y) + 297GLr(y)] +

mi (YL UZ ) psgs

Nrc :
(4m)2M%

[2qu Fr(y) + 2qfﬁv(y)]




There’s something about
Muowns

However,
RK requires large Yukawas and/or multiplicities

Y=1/2, Yoy )es=0.05

g-2 (BMW)

20

Mr=1 TeV, Ms, = 0.9 TeV and Ms, = 1.5 TeV

13



Conclusion

Muown anowmalies can be ma&urativ ex[zataimed bv a
techiicolor-Like &heor:j‘

A complete scenario mokivaked bfj the muon
anomalies can be construcked.,

The Higqs must be a light dilaton-Llike composite
resonance.

Low scale => testable abt the LHC and future
colliders.

BSM Laktice studied can Poim& towards kEhe correct
uy\c&eﬂvaf\g theory (model building)

14



Techni-rho bounds

A.Belvaev ek al, 1910,1092%

Exclusion from pp — p/A — 171", 14TeV, 3 ab™! Exclusion from pp — p/A — 717, 100TeV, 3 ab™!

Exclusion from p Exclusion from p

I Exclusion from A . | B Exclusion from A
a <\ , a <0
S/B = 1%

1500 2000 2500 3000 3500 4000 50( 1500 2000 2500 3000 4000 4500
M A ( GeV )




