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Motivation
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Parameter value

LHC data prefer |k¢| > |kg|!



Composite Higgs model scenario

» Two sectors: the elementary sector, the composite (strong)
sector.

» Higgs are pseudo-Goldstone bosons living in some coset G/H

» SM fermions acquire masses from linear mixing.
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General Analysis: Higgs are Goldstone bosons G/H

The whole strong dynamics encoded in the form factors:

Z Mg, Gup qL +TNge Grp R — (Mg.qr GL gr +h.c.)
q=t,b

| Compact coset

Mg, = I_IOCIL+5I% nqu‘i'Sﬁ Mog, + -+,
Mg = HOQR+Sf2'I I_IlqR_'_sllvl Moge + -+,

| vectorial representations
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Partial compositeness

Partial compositeness tells us:

LY = (au)aly) 05, + tr(yR)iOt, + br(yR)iO),

IR
_ = Fr 0 Y[(h)
—Lm=(FL, Y )Me(h) [ = M = L
| EOM y
Mg F.(0) = =Y, M1 Yg, Det Mp = —Y," M_1Yg Det M,,
Y

Det Mg = HFLFR(O) Det M.

See also M. Montull, F. Riva, E. Salvioni and R. Torre
[arXiv:1308.0559 [hep-ph]].



Higgs couplings from the form factors

The quark masses are evaluated at the zero momentum:
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Higgs couplings from the form factors

Due to partial compositeness, the ggh coupling can be obtained by
the form factors:

Cg = cét) + céb)

(t)
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We have:

Ct— Cg = —% sin 9% (log My, + log My, + log My, + log M)




The coupling difference ¢; — ¢,

The coupling difference is controlled by wave function
normalization:

1. 0
Ct—Cg = ~5 sin 9% (log My, + log My, + log My, + logMp,)
Recall the expansion:

rICIL = HOQL + 5f27 H]-QL + 5;47 H2QL +--
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Higgs potential from the form factors
The Coleman-Weinberg potential for the Higgs boson:
vf(h)——zlvc/(;’jf)? [log (@ Me, My + [Meyeg|?) + t — b]
Expand in sp:

Ve(h) ~ —r s + Br sy

The leading contribution to the ~¢ factor:
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Relation between ¢; — ¢, and Higgs mass term

M M
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Roughly, we will see that :

v >0

= Ct<Cg

is strongly preferred.
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Example: 5 of SO(5)/SO(4)

5=4(2,2) 01|

Neglecting the kinetic terms, the effective Lagrangian:

LMas _M4\|J\U+ [C4y1_f( )[U \UR + a4)/,‘R>f(t/~?)ll—/ \U + h~C']

£Ms — _Myuv 4 {clny( DiUSVR + aryrf(ER)1U'sVL + h. C]

The non-linear realization of SO(5) (g € SO(5), h(x) € SO(4)):

U — gl U, Uls — g U%

The constrained SO(5) vector:

¥ = U5 =(0,0,0,sh,cn) ", Yy =1



SO(4) ~ SU(2)L x SUQ)g, Y =T3R4+ X

The embedding of the SM third-generation quark:
qf = tLPtL + bL'DbLa C_]E = t_'LPZL + ELPZL, t,5;> = tRPtRa i_',s;; = ER'DZR

The vectors are determined by their SM quantum numbers:

0 i 0
0 1 0
1 1
P = i s P = — 0 ) P = 0
( tL) \/§ ( bL) \/E ( tR)
-1 0 0
0 0 1



Partial compositeness
The decomposition of the fourplet:

iB — iXs3
1 B+ Xs/3 ~
v,=—| 277 v, =T.
TV T+ iXys 1
—T+X2/3

Two SU(2), doublets:

qr = (T, B)/e» ax = (Xs/3, X2/3)7/6
Before EWSB:
cay fqLqrr, a1yrfir TL
The mixing angles:

cyLf a1yrf
tanf; = j\)ﬂ/L , tanfr = 1/\);,‘?
4 1




Spurion Analysis

G = SO(5) x U(1)x x U(1)},

The embedding vectors are treated as spurions:
(Pq) — &'s(Pa)?,  (PD) — &7 (Pl)s
The elementary U(1)3, global symmetry q = (t., by, tg):
qg— eio“’q, Pg — ef"o“’Pq
LM — M, Uv 4 {C4ny(C_lE)IUIi\UI;'? + agyrf(ER)1 U WL + h.c.]

£V = MOV + [y F(32)1 U5V + a1y () U5V + hc |



Spurion Analysis

G = S0(5) x U(1)x x U(1),

rlt/_ ELP t; + |_|bL ELP by + I'ItR ERP tr — (I'ItLtR t tr —I—h.C.)

The form factors are determined by the invariants:
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I_ItL = I_IOtL + sl% nltL; I_It'R = I_IotR + 5[27 I_IltR

I_ItLtR = ShchnltLtR



The couplings

_ 2 _ 2 2 _ .2 _ caag My
Ctg=1+AD¢gl+-, =¢,a1=2a, n=3tm

The ggh coupling strength:

. .0 cos 20
M, t2(0) o spcy = cét) =sin 9% log My, ,(0) =

cosf

The top Yukawa coupling:

1 1
A —Ng = 5 (1—r12> sin29L+(1—r12)sin20R< 1

Y
At<_1/2:>Ct<1_%€, Ct_Cg<€




Relation between ¢; — ¢, and EWSB for the 5
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Relation between ¢; — ¢, and EWSB for the 5

£=0.1, m =150 GeV
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Sizeable positive ¢; — ¢z will tend to preserve EWK symmetry!
Including the SM gauge boson contribution will make the
preference much stronger!



14 of SO(5)/S0(4)

[14=9(33)04(2,2) 01|

The effective Lagrangian:

LM% = Mo w4 [CQny(at4)/JUI/U{,'W% + agyrf (TR ) U UL WY + h~C-}
LM — MOV 4 V2 [y F(GE) U USE + agyrf (B8, U UYL + hc]
LM = — M+ ? [y f(G)uU'sUsWr + ar yrf (TR U's UL + h.c]
The SM quark embedding matrices:

0 i
0 1
1 . 1
(PtL)U:§ ! ) (PbL)U:§ U I
—1 0
00 i -1 i 1 0 0



The invariants
The advantage of 14 is that now we have two types of invariants:

STPIPY*,  STPIY vips*

The invariants affecting the ggh coupling:

T pt * _ 3
b PtLPtRZ ——m.ShCh,
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The Higgs couplings for the 14

_ cgas My __ cgag My 2 2 2 2
a1 My> 9 — cgag My> i i

The ggh coupling depends on the mass scales now:

1-1 1
Ay — 4> /r9—|—<—1)sin26’L

21-1/n  \A

The modification to the top Yukawa:

1. 9 5 5 .
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7 7
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Relation between ¢; — ¢; and EWSB for the 14

IN MG [ @ A2
= d —_ =
= f, BT X i

rl2 sec? 0, sec? Og
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9. oy (Cos?Or 1 3
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Relation between ¢; — ¢; and EWSB for the 14

1, m, =150 GeV
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Sizeable positive ¢; — ¢z will tend to preserve EWK symmetry!
Including the SM gauge boson contribution will make the
preference much stronger!



Imposing the & and Higgs mass constraints 14
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Possible solution

Enlarge to SO(6)/SO(5), gauge an extra U(1)4 in the coset:

V2

We have the contribution from the gauge sector:

cmj (2&2\ 28 g’2>

-,—ISJ _ _ (55/56J . 55J56/)

N
& g2 g2 g’

T 642 \“g2
Need careful study!
See also:

M. J. Dugan, H. Georgi and D. B. Kaplan, Nucl. Phys. B 254
(1985) 299.



Conclusion

» LHC data prefer ¢; > ¢,.

» We find strong correlation between ¢; — ¢, and the Higgs
mass term in the composite Higgs framework.

» Possible ¢; — ¢z usually leads to positive Higgs mass term
without EWSB.

» An extra U(1)a gauge boson may solve the problem.



