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What are Yukawa couplings?

Yukawa couplings are the couplings between fermions and Higgs
fields. In the SM:

Lyuk = _ybERQLEH + h.c.

After electroweak symmetry breaking:

— [t 0 -1\ /v +HO
o = o ()0 ) (5 one

—  —ypVbrb 4+ ...+ hc.

Compare to a mass term in the Lagrangian density:
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But we have three generations?!

It is easy to extend this to three generations (— 1/2 Nobelprize 2008):

Ly = —(¥p)j (dr); (Qu)j eH + (y1)jj (tr); (Qu); eH® + hec.

The CKM Matrix connects gauge with mass eigenstates.
In the SM we get 13 free parameters from the Yukawa couplings.
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SUSY Yukawas?

In SUSY there have to be at least two Higgs doublets H, and Hy.

Lyuk = —YpbrQLeHg — Y- 7rLLeHg — YitrQLeHy + h.c.

These doubletts have the vevs v and vy with the ratio

Vi m
tang = o L Y Mt

Vg YbVd Mp
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GUT Yukawas?

In GUTSs the fermions sit in larger representations, e.g. in SU(5):

0 t® 2 4 by by 0
y -t 0 tv t by bs 0
Ly = —==| t2 —t¢ 0 t3 bs bs 0| +hc
\/E _tl —tz —tg 0 ’7'+ T+ 0
—b; —-by —Dbj -7 0 i —1/7(5 i \ i
A~
— ——=v (bb+77) + h.c.
75" (B0 +77)

Alternative with a 45-dim. Higgs field — m,/ms = 3 [Georgi and
Jarlskog, '79]
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So what are the mass ratios at the GUT scale?

So what are the mass ratios at the GUT scale (= 2 - 1016 GeV)?

» Top-down approach: Prediction from theory — low-energy theory?
— SUSY threshold effects necessary!

» Bottom-up approach: Extrapolate masses to GUT scale [Fusaoka
and Koide '98, Xing et. al. '07] (no SUSY thresholds included) —
Inclusion? [Antusch and Spinrath, arXiv:0804.0717 to appear in Phys.
Rev. D]
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SUSY threshold corrections
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Yukawa and Feynman

On tree level in the MSSM we have:
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"Wrong” Higgs coupling diagrammatic
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"Wrong” Higgs coupling in the Lagrangian

This "wrong” Higgs couplings give tan 8 enhanced corrections to the
down type masses:

L = —ypbrQLeHq + 6Y,brQLeHE + h.c.
—  —(YpVa + 0YpVu)brbL + h.C.

= mp= méo) <1+ %tanﬂ)

For the up type quarks:

(0) oy 1
— 149t =
Me =M < + y; tan ﬂ)
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Matching relations

How are the low-energy (non-SUSY) related to the high-energy
(SUSY) Yukawa couplings?

For the down-type fermion Yukawa couplings:

yiSM

- cosB(1+¢tanp)’

YiMSSM =

where ySM = mj/v, ¢ = & /yi andi = d,s,b,e, u, 7.
For the up type quarks we use:

wherei =u,c,t
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Some results and conclusions
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Parameter sets

| SUSY parameterin TeV | Caseg, | Caseg_ | Casea |

m; [05,15] | [0.5 1.5] | [0.5, 1.5]
My [05,1] | [0.5 1] | [L.65,3.3]
M> [1, 2] [1, 2] [0.5, 1]
Ms [3, 6] [3, 6] [-9, -4.5]
o 0.5 -0.5 0.5
At [_1! 1] [_1!1] [_171]

Msusy 1 1 1

» The parameters are chosen in the TeV region such that we can use only one
matching scale and neglect EW symmetry breaking effects.

» The cases g+ are inspired by universal gaugino masses

(My:My:Mzg=1:2:6).

» Case ais inspired by anomaly-mediated SUSY breaking

(My:M;:M3=~33:1:-9).
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Impact of the sparticle spectrum

~N ® ©

m,

ms 5

o
Yo 2

9 9
8 8
7 7
. m, 6 m, 6
/ ms g ms g5
* * *
4 4 ’
3 ] S—
2 2t 7
02 04 06 08 1 02 04 06 08 1 02 04 06 08 1
Mme. Me. Mme.
my mg mg
4 4
3 = tanp=30 3
» /- =40 x
Yo 2 B Yo 2
A mpso0
1 a4 1 Lt
5 =y
05 1 15 2 25 05 15 2 25 05 1 15 2 25
Yo Yo Yo
Yo Yo Yo

Figure: Scatter plots illustrating the ranges of GUT scale ratios of the masses resp.
Yukawas for case g+, g— and a for tan 8 = 30, 40 and 50, taken from [Antusch and
Spinrath, arXiv:0804.0717].
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Conclusions

» The SUSY threshold corrections have to be included for
discussions of Yukawa couplings above the SUSY scale.

» The corrections can help to the realize the Georgi Jarlskog
relations and complete third family Yukawa unification.

» The corrections also allow many other possible values for the
mass and Yukawa coupling ratios at the GUT scale.
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The End

Thanks for your attention
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Backup: Feynman diagrams with charged leptons

L; B B e; L; H; H, H, e; H; H, H,

Figure: Feynman diagrams contributing to the tan 3 enhanced SUSY threshold corrections to
charged lepton Yukawa couplings.
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Backup: Down type quark SUSY threshold corrections

For the down type quarks we can decompose ¢; = € + €& + &¥ + ¢ 6, in the EW
unbroken phase, with

205 p

¢ = o Hz(qu ug) (1a)

8 1 g’z My 9°

¢ = o2 |% (Ha(vg, %0 + 2Ha(vg . x1) ) + S i Ha(wg, w5 | . (1b)

W 1 39 Mo

@ = 162 2 p —Ha(vg,, X2) (1c)
v A

g = th —H2(vg,, Vas) (1d)

2 2 2 2 2 2 27,2 2 2
where u; = mz /Mg, v; = m: /u®, wp = m: /M{, xg = Mi/p” and x; = M3 /p° and
where all mass parameters are assumed to be real.
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Backup: Charged lepton SUSY threshold corrections

For the charged leptons we can decompose ¢; = & 4 ¢V

1 M
¢ = 6.2 9771 (_HZ(V[iyxl) + 2H2(Véi,X1)) - gleile(W[pWéi) , (2a)
w 1 3g2M;
€ = 1672 T?HZ(VEWXZ) . (2b)

There is no €° for the leptons, because they do not participate in the strong interaction
and the contribution equivalent to ¢ is suppressed by the heavy mass scale of the

right-handed neutrinos in the seesaw mechanism.

The function H, is defined as

B x Inx yIny
Hz(x,y)— (1—X)(X—y) (1—y)(y—X)' 3)
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