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Our main mterest 1s in mechanisms that can relate the quantities my, m, and v,.q.
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Pure NJL: my = 2m,

RG improved with GUT hierarchy:  mu ~ 260 GeV m; ~ 220 GeV

Top Seesaw: my ~ 1 TeV.

Hence tt composite Higgs models do succeed in relating my, m; and vyeqk,

but generally predict a Higgs boson that 1s significantly heavier than the top quark



Quick Review (1): Nambu Jona-Lasinio Model

“high energy physics” scale A
~q . oy 9% - -
La = PLid i + Opid Vi + (01 0Ra) (VrtLs)

Fierz rearrangement of a single-coloron (massive gluon) exchange potential:

Lo f - /\A g;u/ B /\A
29 \ Vg ¥ 72— A v ¥ | thus G = ¢g°/A% at ¢* = 0.

introduce auxiliary field:

L = Lrinetic + (g@Llﬁ‘RH + h.C.) — A’H'H

“factorized interaction”



integrate out the fermion field components on scales p <+ A

@_

/
L, = Lrinetic + g vrH + h.c.
A
+Zy|0,H*> = m%,HH — 70(H*H)2 — &RH'H
7 _ ngVc 108(/\2/ 2). m2 _ A2 B 292Nc (A2 B 2)
H (471')2 K )s H (4,”_)2 H

_ 29" N, 2/, 2. _ 1 9°Ne . 1o, 9

/\0 - Wlog(A //’L )a 60_ 6(47‘_)2 ]Og(A /N )
2 292Nc

The broken phase is selected by demanding that m% < 0= A%(1 — ¢?N,./87?%) < 0

—> g¢* > 8n°/N. = g}



Renormalize  H — H/VZg:
Renormalized Low Energy Effective Lagrangian:

L = Liinetic + gELwRH + h.c.
A

+|0,H|> —mayHH — E(HT ) —ERH'H
§2 . g2/Z o 1671'2
. _ =
(equivalent to Nclog(A?/p?)
. . o~ 2
renormalization group my = my/Zu
j : 3272
runnin — 2 _
9) V= /i = N og(he)
§ = &/Zu=1/6

Applied to Higgs = top--anti-top boundstate models:

m, = gu/V2: mﬁ/mfof 2N/g2=4  or:  my =2m

top

Improved RG Generally predicts heavier top quark and/or heavier Higgs boson.



(2) FYI: NJL Model of Composite Dirac Fermion:

Loy = zﬁ(} v, +0, QDT(')"‘LD — 7713)¢)T O

e /\".l

ﬁmz — l~‘3‘1, C’JT(’ J )

H

color Fierz identity to leading order in 1/N
ig* it

ACin.t — _)_\2

Dobrescu & CTH
(2000) unpublished
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NJL Model of Composite Dirac Fermion:

—

Ty g— | _ -
Lint = — ‘)'.1\2 ([U‘L Y O (D] [(,DT L-t."L,] - {Lﬁ.’L (,D] [",-*‘,,, 0 0 (DT])

Factorize with Dirac auxilliary field:

Liny = —2 3 (')ﬂ XL — I s=dt, — A + /
int — YLy @)X L Xr® Wy, AXrXL L.C.
int A \/3 L ip\C P)XL \/3\ I L XRrXL

RG Running:

L,=Loy+ L+ ZX00) X1 + ZrXRI) X1 — XoMxp + h.c.

where: , , , ,
~ g° N A ~ g Nn [ AN? — 1
ZH: :l - lll — Z]: ] ) /
3272 J1 3272 A2
and:

o 2N A2 __ ;2
M:A”ﬂ(A “)
3272 A



Quick Review (3): Nonlinearly Realized Symmetries:
The “bottoms-up derivation”

_ _ 1
Lxg =@ +vpidvr + o) L, o'

0y, 0

The RH-chiral symmetry: = dvg

i Ovp = —iby
| om = f,0

Global transformation: 6Ly =0

RH-chiral current from local transformation:

6L 5
5Ol

= VYR — frOuT f= determined from experiment, m — pv.



Nonlinearly Realized Symmetry “bottoms-up derivation”
beyond the kinetic term:

Massive “nucleon” coupled to pion:

L' = My —igmpy’th = Mippbr — igmiby g + h.c.



Nonlinearly Realized Symmetry “bottoms-up derivation”
beyond the kinetic term:

Massive “nucleon” coupled to pion:
L= Mynp — igniby™h = M p — ignibpibg + h.c.
Perform transformation:

OL' = (iO0M — igf0 + gnf-0) ¥ VR + h.c.

| \

Goldberger-Treiman



Nonlinearly Realized Symmetry “bottoms-up derivation”
beyond the kinetic term:

Massive “nucleon” coupled to pion:
= MYy —igmpy* = Mypbg — igmd g + h.c.

Perform transformation:

OL' = (iO0M — igf0 + gnf-0) ¥ VR + h.c.

A
| |
But, we still must cancel “higher order term” o 761 1. Include an On? term:
, / it w2 — h
£—>A’[ l_ﬁ_*_CF wL’(,bR-*- .C.

o [0 ) -
0L — M (il —i— + — + 20 f,,9 - zc—f. VYR + h.e.
( fe fn 12 12 L

M 1

oL =0 = —. —
YT 2



Nonlinearly Realized Symmetry “bottoms-up derivation”
beyond the kinetic term:

But, must now cancel higher order term 7r26@L¢R:

, 7 Y &
L — M (l_f_,T_Q_f;_*_ch_g) ’I,Z)L'd)R—*—hC -+
We find, iteratively, the solution:
L'= My Ug + h.c. U = exp(im/fr)

. . 2
ﬁK = "1’[}@ @[)L + w}#@ d)R + ?ﬁayUTa#U

“nonlinear o-model lagrangian.”



(4) A popular approach to understanding Higgs:
Higgs as Dilaton

Consider the pure Higgs Lagrangian (no gauge fields or couplings to fermions):

Lb=@WWH—%WULwWZ

As usual, the groundstate has a minimum for:

(H) =6  where ' = (v,0)

In the present case it pulls H* to the minimum VEV. But once we

take the limit A — 0 the Lagrangian acquires a “shift symmetry,”

dH' = B¢ — s 9,H'O"H =0

0L
0Ot

The Noether current is: J, =0'0,H + H'9,0



(4) A popular approach to understanding Higgs:
Higgs as Dilaton

We see that # is a defining part of the current. Since # rotates with H under the global

SU(2) x U(1) transformations, the charge [ d*z.Jy, commutes with the gauge group.

0L
Y

J, — 0'9,H + H'0,0

In the broken phase of the theory

1

h
Qv(()"H +HO) =v+ —

V2

J, — V200,h

This becomes the “dilatonic current” of the standard model Higgs boson in the broken
phase. The Higgs h in the limit A — 0 is now a Nambu-Goldstone boson of spontaneous
scale symmetry breaking, inherited from the shift symmetry of the flat potential, i.e., h has

become a “dilaton.”



To see this, consider the top quark mass term:

gUitpH + h.c. — mytt (1 +

)
\/i’v
Under an infinitesimal scale transformation

t(z) — (1 —e)’2t(2) h(z) — 1-eh(z') z.=(1+¢€)2,
Hence the action transforms as:

So = /d“:z: mytt(x) (1 = @%2)
- /d4:1: (1 —€)*mytt(z)) (1 —

h(a:'\)/(i —e))

2v

_ 4, 401 _ N3 Tl h(z')(1 —€)
/d (14 €)°(1 — €)’mutt(x’) (1 - NG )

= /d4:13' ((1 + e)m,tt(z") + m,ft(a:')h\ﬁ_—;;))




However, with the dilaton we can compensate the rescaled mass term by a shift

h(z') — h(z') — V2ve

we see that:

/ d'z’ ((1 + €)myutt(x') + mutt(x )’z}_') ) — / d'z’ (mﬁt(x’) + mutt(z") \}_) ) = S(,)_

Hence, the top quark mass is ultaimately invariant and the scale symmetry is broken spon-

taneously. The same conclusion applies to the masses of all fermions, and of the gauge fields,
W and Z. The Higgs self-interactions that involve nonzero A would not be invariant under

scale transformations with dilatonic shifts in h.

Remarks on Higgs Boson Interactions with Nucleons.
Mikhail A. Shifman, A.l. Vainshtein, Valentin |. Zakharov (Moscow, ITEP). 1978.
Phys.Lett. B78 (1978) 443

Low Enerqy Theorems for Higgs Boson Couplings to Photons.
Mikhail A. Shifman, A.l. Vainshtein, M.B. Voloshin, Valentin I. Zakharov (Moscow, ITEP). 1979
Sov.J.Nucl.Phys. 30 (1979) 711-716, Yad.Fiz. 30 (1979) 1368-1378




Our mission:

Generalize dilatational shift to a
nonlinear “super’-symmetry:



Generalize dilatational shift to a nonlinear “super”-symmetry:

O, = HOre+ ... and 0tgp = Ore + ...,

n

“spurions” 0, g carry the same global color, isospin, weak

hypercharge and baryon number quantum numbers as the corresponding 17, and ¢ fermion

fields, ie, 0, ~ (N, =3, ] =Y =1 B=1 andfp ~ (N.=31=0Y =4 B=1)



Generalize dilatational shift to a nonlinear “super”-symmetry:

Ly = i@y +Tridtp + OH OH

We define the infinitesimal transformation :

o e OH —— Orad H]
0V = 01"€ep — za e Re; 0y 0 = 0L ia€0 + 1 Rafz €;
- a a , HJOM _ _ 0 D H
Othr = Open — za Az L €: O0tRa = ORaco + 1 L Agz €
i Ol + 1R - V% + OLaith
dH' = 1z €; dH! = e €.

Wlrr =10



Generalize dilatational shift to a nonlinear “super”-symmetry:

Ly = i@y +Tridtp + OH OH

L U 0g) - 0°H

S(Yri@ir) = S 13\)2 €+ h.c.+td.
_ Optp) - O°H

S(Tridtr) = i Rj)p €+ h.c. +t.d.

U, 0p+Optg) - 0°H
A2

s@HoH) = €+ h.c +td.

hence, 0L =0+ t.d.



A “super’-dilatation symmetry :

o e OHO; —— Opad H]
5,¢,}Ja = 920'60 — Za A2 RG; (SwL ia = 0L ia€0 + 1 Rafz €,
JHIoE _ O H'
ot = Opeo — zé’ A2 L €: 0tpa = ORaco + 1 L Agz €:
sHi = IraVi + Trab €; 0H! = Vrailie + Orailh

A2 A2

this transformation is a bona-fide invariance
of the Top-Higgs gaugeless kinetic terms:



The Noether current

0Ly 1

Jp = 3o 7793'7ptR + 779L’pr, A2

1
—01.0,,0" (Hyp,) + F(9{0,,,,6"(111 tr)

where 11 = ¢ /€.

Note that the parameters, @, p, are structurally part of the current,

We emphasize that this is therefore not a representation of the supersymmetry algebra.



(6, 8)(¢, H, tg) = 0

For example,

. QHH
Oy, = Oreg — z(;a A3 R
5,8, = z@ (OrY)0r + (trOL)OR)

A4

5 0, — 2O & Cabi)) 0 g _




“super”’-dilatation symmetry of the standard model
beyond the kinetic terms (preliminary):

We presently turn to the full Lagrangian of the top-Higgs system in the standard model
with gauge fields turned off:

Ly = i@y + itpdty + OH'0OH
+9(PytpH + hc) — MGHUH — %( HiH)?



A “super”-dilatation symmetry:

We presently turn to the full Lagrangian of the top-Higgs system in the standard model
with gauge fields turned off:

Ly = i@y +itpdty + OH'OH
+9( trH + h.c.) — MEZHTH — %(HTH)Q

€

S(—M}H'H) = 7

M?{(JLOR +§LtR) -H + h.c



A “super’-dilatation symmetry:

We presently turn to the full Lagrangian of the top-Higgs system in the standard model
with gauge fields turned off:

Ly = i@y +itpdty + OH'OH
+9( tpH + h.c) — M3ZH'H — %(HTH)2
€

A2
(HTH)?) = —% N, 0p +0tg) - HHUH + h.c.

§(-MjyH'H) =
A
2

M3 (W 0r +01tg) - H + h.c

J



A “super”-dilatation symmetry:

We presently turn to the full Lagrangian of the top-Higgs system in the standard model
with gauge fields turned off:

Ly = i@y +itpdty + OH'OH

+g(@ tpH + h.c.) — MZHTH — %(HTH)Q

- : € — —
S(—MpH'H) = —iz M3 (V0 +0rtg) - H + h.c
6(—%(H*H)2) = —% N Or+0itg)- HH'H + h.c.

— — — = — —
0(gptrH + h.c.) = geo(V0r + Ortr)H + Q2W(0R¢L +1p0.)- (H'H'H)

€ — — _
+ gplbLtRWRl/)L + trlrL)

- 2e— T4 A T4 € — o
+ZQF'L/)L’}’“79L H 0 7H +ZQW¢L’Y#9L H 6 H

—ig%@nﬂtlg (H’r 5;‘ H) + h.c. +t.d.



The last transformation emerges as follows:

HH Op@ HT
¢A2 L)H (01,60 + i€ Riz )tRH)

1 6(gU trH + h.c) = g (EL(ngo — 1€

_ — _ 1
+ ge (?J’LtR(gR?I)L + tRHL)F) + h.c.

_ — €— — _
= gfo(d)Lf)R -+ OLtR)H + g—d}LtR(ngL + tReL)

+ZW(01UL’Y#) H(HT OL)—'I, A2

2ge o 7A o
i3 d)L%?é)L H' o* 7H Azd) .0 | H 0" H

Or(7.0"tr)(H' - H)

zEOR'y#tR (HJ’ o H) + h.c. +t.d.
?  use the isospin Fierz identity, [74];;[7%]x = 20u0k; — 0ij0r, and: 57‘— %(8“ — f‘)“)

3 apply the fermionic equations of motion

idtr+ g -H =0 i@y, + gtpH =0



Summary: Ly = ELi@¢L+iER@tR+8HTaH
+9(@ptpH + h.c.) - MGHTH — %( HiHY?

S(—MiH'H) = A2 M3 (U 0p +0rtr) - H+ h.c

A
o(—g(H*H)Q) - /\( 10p +0ptr) - HH'H + h.c.

~ — - A € - f - t
J  0(g¥ptrH + h.c.) = geg(¥0p+ Ortp)H + QQW(HRU)L +1gfL) - (H'H'H)

€ — — —
+ gp@LtRWRwL + trOL)

2 P T t o
+ZgA2"LL ;#79L H" 0 ?H +2g2A2'l,)L ;#9[, H'"o* H

95 0Rtn (Hf " H) +he +td.

arrange cancellations amongst the d=4 terms



Note D=6 ops: we have generated higher dimension operator terms of the form:

€— — _ 26— T4
g—thR(eRd)L +trbL) + Z%lbL’)u?QL(HT o H)

+ZW7’DL%0L(H " H) — zAQHuntR(H % H)-l—hc + t.d.

These terms can be cancelled by adding higher dimension operators to the Lagrangian of

the form:

2K i T4
Lo = (thRtRwL)-F e (¢L’Yy—¢L)(H i 0" 7H)

A2
Dy o) (H'i 0 H) — =5 @yt (H'i 0 H)

+2A2



Define the full Lagrangian with D=6 ops
Ly = i@y +itpdty +OHOH
+g(¢ptrH + h.c) — MGH'H — %(H*H)Q

K — - 2k — 14 A
e (YrtrtrYL) + FWL’Y;L?@L)(HTZ 9" 7H)

+W(EL7’#¢L)(HTi o' H) — A2

+

Eryutr)(H'i 0" H)

- 1
require: 0Ly =0 (F)



Full Lagrangian
Ly = i@y +itpdty +OHOH

_ A
+g(¢ptrH + h.c) — MGH'H — E(H*H)Q
T A
kK —| - 26 — |7 A
e (VitrtrYL) + —2(¢L7u7¢L)(HTZ 9" 7H)

A
K K-

s (o) (H' 0 H) + <5 Erutn) (H' 0 H)

+

/] 2 . _ € _ _
geg = %6 gfo(’(,[)LHR — thR)H _E AJIQJ(¢L93 + 9LtR) -H

This is just a calibration of € and e



Full Lagrangian
Ly = i@y +itpdty +OHOH
+g(¢ptrH + h.c) — MGH'H — %(H*H)Q
i
A'Z
(Do) (H'i 0 H) -

K o— | N R
A2(¢ RtRYL) + (":bL’YLl?wL)(HTZ(?“?H)

+

K

A2 (ZR’}’#tR)(HiZ' o H)

2 2

g€o

€Egk = —(gE,



Full Lagrangian
Ly = i@y +itpdty +OHOH
_ A
+g(¢ptrH + h.c) — MGH'H — §(H*H)2

K — - 2k — 14 A
e (YrtrtrYL) + FWL’Y;L?@L)(HTZ 9" 7H)

+W(EL7’#¢L)(HTi o' H) — A2

+

Eryutr)(H'i 0" H)

M3
Jeo = Ff \
2
cn=—ge, or | 5= —157% relationship (1)



Full Lagrangian
Ly = i@y +itpdty +OHOH
+g(¢ptrH + h.c) — MGH'H — %(H*H)Q

A ok _ |
/Cj\(¢LthR¢L) + —I.w(@bL’YyT— 7)(H'"i 0" 7H)

K

5 Grnin)(H'Y 0 HYS < Erytn) (H'i 0 H)

+

0= (/\ — %QQ)%(ELOR +§LtR) : HHTH + h.c

A= =g

2 relationship (2)



Full Lagrangian
Ly = i@y +itgdty + OHOH

_ A
+g(¢ptrH + h.c) — MGH'H — §(H*H)2
— - 26 — T4 A ah
e (YrtrtrYL) + FWL%?TPL)(HTZ 9" 7H)
o

— - K - P ol
+W(¢L7’#¢L)(HTi 0" H) — 5 (tryutr) (H'i 0" H)

K

+

. 1
require: 0Ly =0 (F)
Finally, the most interesting relationship Analogue of Goldberger-Treiman

0= (/\ — %QQ)%(ELOR +§LtR) : HHTH + h.c

A= =g

2 relationship (2)

> m3 = 2\v2_,, = m? in the broken phase




Full Lagrangian

Ly = Vi@, +itpdtp + OH OH
_ A
+g( tpH + h.c) — MgH'H — 5(H’fH)2

26 — 14 A ks
) + .(l/)L’Yu—wL)(HTl@“?H)
QAQ(UJL%?I)L)(HTZ 0" H)_F(tR'Y#tR)(H' 10" H)
L LA
A=39 R Vel
m?, = 2\v? ., = m? in the broken phase

Invariant under “super” dilatation up to D=8 operators

- 1



RG improvement of Higgs Mass?

We can estimate the radiative effects on the Higgs mass using the renormalization group
(RG) equations for A and g. We include the QCD effects, and integrate in the approximation
of constant rh sides of the RG equations. This yields the leading log effect:

oA
167> = 120\? + 4N \¢g® — 4N.¢* =~ (3 — 2N.)¢" =~ —3,
OIn(p)
0g? : .
2 4 2 2 2 —~ 4 2
167 ) = (2N:+3)g" —2(N; — 1)9°95cp = 99" — 16 x (4magep)g” ~ —13

In the last expressions we've substituted A\ = ¢*/2, agcp = 0.11 and g = 1 . This yields,
upon imposing the boundary condition A(A) — g*(A)/2 = 0:

1 . 3.5 A
’\(vweak) _ §g2(vweak) ~ - 1672 In (Uweak> ~ —0.04

This implies my = V2 0001 ~ 167 GeV.

Naively, with A ~ 107 GeV we bring mpy ~ 125 GeV.



A more minimal “super”symmetry: shift only ty

o = —i Az © OV o =1 A2 —€;
— 6% = 0%€o; 0t ra = ORato:
R ERGUZ‘ZG' c rrt EL 9(}1{
i_ . . __ %Lai
OH" = Az 6 OH/ = e

Ly = i@y, +itpdtp + OHOH

_ . \ |
:> +9(UptrH + h.c) — MjH'H — §(HTH)2

K — - K .o 1
3z @utnliin) = g5 Croutn) (1 0 1) + 0 (1)

1, K g
) A= NG




A more minimal “super”symmetry: shift only ty

L H6; — Op.@ H]
oy = —ié’ Az Be. Oy sg =1 Raj@ —€;
— 6% = 0%€o; 0t ra = ORato:
Ot o D
i . . . ai
OH" = Az 6 OH/ = A2 ©

Ly = i@y +itpdty + O0HOH

_ . A
j> +9(PrtrH + h.c) — MyH'H — S(H'HY?

K —  _ K Lo 1
+P(¢LthR¢L) = F@R%t}z)(HTZ oM H) + O (F)

NJL-like fermionic NJL-like



Factorize into NJL-like “Auxilliary Fields”

Ly = Vi@, +itpdtp+ OHOH

+g(¢LtRH + hC) — AI}ZIHJrH _ §(H’rH)2
K

A2

+ 13 Brtatrin) - 55 Crrtn) (H' 0 H)

Ly = i@y +itpdtp + OHOH
_ , A
+9(IrtrH + hc.) - MGH'H — Z(H'H)?

: > kT, tr® — A2B1D + hc. Usual NJL

_ ke
+ktrHx + 4 H'yr — AX. xR + h.c. k? =k

fermionic NJL
Auxillary scalar ® and Dirac fermion X



Renormalized Factorized Lagrangian

Ly = i@, +itp@ty + OH OH

+g(ptrH + hc.) — MjH'H — %(HTH)Q
+hth tp® — MPOTD + hoc. + 001D

~_ k_ .
+ktrH'x1 + TR H'Xr — MX;XR + h.c. + X9 X
“predicts” Higgs boson recurrence @

and heavy Dirac fermion X
Mass scale A

Analogues of KK-modes, composite t; models



Conclusions

Ly = i@y +itpdtp + OHOH
+Q(ELtRH + h.c.) — MI%H]LH — %(HTH)Q

K = 2K TA — A
AQ( "LthR‘WL) A2 (wL’\/y 2 )(HTz ot 5 H)

(@B pybn) (HTi 0 H) — —=(Epytp) (HTi 0% H) + 1/A*

2./\2 A2
1
where: A= §g2 and  ¢°A* = —kMj},.
H'64 .0 HT
5d} 92‘1 0— z@ A2 R €, 6¢L ia — QL ia€0 + 1 Rafz €,
Is invariant under: Hipia B9, @ H
oty = 9R60 — za A‘Q L Ot Ra = ORato + i—ml Lu;z €:

o = A2 ’ i = A2




What is origin/meaning of the D=6 operators?
UV completion?

Possible new boundstates:
recurrences
tower of resonances

Possible new gauge bosons:
Weak coupling
Strong coupling

Possible VanderWaal interactions?



Suggests a possible dynamical origin of:

Vweak ~ 175 GeV

Evidence of a (new kind of) supersymmetry in physics?

Suggests a new physics scale of order 1 TeV.

More work



end






Higher Dimension operator effects

Ly

= Lxr+ g trH +h.c)P(H'H)+ MALH' H — gQ(HfH)

HTH\"
P(HfH):ch( e ) co =1
n=0
HTH\"
Q(H'H) = Zd HH)? (A2> dy = 1

The Higgs potential minimum is now modified by @), given by:

A0Q(v)

—M?% +
ity A(v)? |,

=Vweak

At the potential minimum, the top quark mass is:

m; = ngeakp( ueak)



M} is, of course, the curvature of the potential at the origin, v & 0, but the physical real
Higgs boson mass is determined by the curvature at the potential minimum, v = vyear:
A 3?Q(v)

h=—-Mj+ =
" o 1 (o)

v=v[‘weak

For the quartic potential we have Q(v) = v*, and the usual results obtain:

Thus, to maintain the super-dilatation symmetry in the full lagrangian for all values of Higgs

fields we must demand the symmetry condition on the operator towers:

perform the super-dilatation on the Yukawa and potential terms

)= %(ELHR +§LtR) i H (—%ngTH(P(HTH))Z +

ANOQ(H'H)
5 O(HTH) )-I—h.c.



Thus, to maintain the super-dilatation symmetry in the full lagrangian for all values of Higgs

fields we must demand the symmetry condition on the operator towers:

1 L AOQ(n?
Lo (P))? = S 2

At the potential minimum, v = Ve We also have

9Q(v?)
Ov?

mt2 = g2U12ueak(P(v12ueak))2 = A = 2A1121'

UV=Vyeak

hence, even in the presence of the tower of operators we get the result m? = 2M3

we emphasize that this is the curvature at the origin of the potential, and does not give the

physical Higgs mass, which is the curvature at the minimum. in general, 2M3 # m%



To estimate the size of the effect, consider:

The minimum v = v, and physical Higgs mass now satisfy

! v
/ weak weak
ME = \v2 . + K- 2[\62 , m3; = —Mp + 3\v2 . + nn)\ 2A§ :
Hence:
Veak Unealk
m; = 2Mj; = 202 1 + 30K\ ‘X’; : mi; = 2X\v2 . + 61K ’1"{; :
and we thus predict:
2 .2 + 3 2vieak
My A My + SN =

Thus, we determine 7 by demanding m3; & 0.5m?,

n = T ~ —6.5/k = —0.04k. /K
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