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THIS TALK

IOm going to give some general remarks about the
Interpretation of Higgs signals In the context of phys
beyond the Standard Model.

tOs mostly review, not original work.
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THE BIG PICTURE

¥ Signal at 125 GeV, rates roughly consistent with SM Hig
¥ Could be a pseudoscalar? Awfully odd coincidence if so.
¥ If not, this imot technicolor.
¥ Reasonable options:

¥ |tOs the Standard Model!

¥ tOs SUSY

¥ [tOs a pseudo-Goldstone composite Higgs



PGB HIGGS?

¥ Georgi/Kaplan O84: strong dynamics can break a global
symmetry, leaving Higgs pseudo-Nambu-
Goldstone boson, which gets a potential from explicit
symmetry breaking

¥ Fermion mass generation is still a mess, like in technicol

(Randall-Sundrum is an incantation that doesnOt solve your strong dynamics problems: existence of the

¥ Often must tune contributions that want the wrong vacut
alignment against others (naively, mass <<VEV ~ f

¥ Personal aesthetic bias: messy theories we should ignor
unless data tells us otherwise



SUPERSYMMETRY AND TF
HIGGS MASS
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Different-spin pieces combine
to cancel large corrections.

Naturalness: no large e S
cancelations not arising from

symmetry.



MSSM HIGGS

¥ Two Higgs doubletbt,, H

¥ Four parametersg, my. , my,, Bu

- " - Higgsino mass, scalar potential terms

UH ¢ + VeQsUs|” + [UH , + Y5 Qs3]
* Mu?, M SUSY-breaking masses? tachyonic for EWSB

- B' : mass mixing terfyHqg



MSSM HIGGS

¥ Minimum of potential: know?+v¢ = v2 from mw.
¥ Four parameters can be re-expressathimy, tart=vy/\.

¥ At the minimum:

: 2B
sin 2! = > : :
2|u"+my, +mg,
lmZ TRy My, tan? 3 | m%{d
A tanZ 8! 1

¥ Tree-level naturalness: Higgsinos not too heavy. Scales
comparable or (Csaki et al. 0809.4492)

12~ m%{u = m%{d



MSSM HIGGS MASS

¥ Just as In the Standard Model, Higgs mass Is related to
coupling.

¥ Supersymmetry: gauge interactions always come with g
scalar interaction@(term potential)

AP T b

¥ Implication: Higgs quartic related to gauge couplings, wr
also determin®V, Zmasses: tree-level bound

mp, < my C0S(23)



MSSM HIGGS MASS

¥ Just as In the Standard Model, Higgs mass Is related to
coupling.

¥ Supersymmetry: gauge interactions always come with g
scalar interaction®{term potential)
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{Higgs mass maximized at large
¥ Implication: Higg|tan beta.

also determin®V, ZMmMassSes. ree-level bouno




125 GEV HIGGS AND SUSY

Very interesting! Light enough that SUSY still
seems sane, but heavy enough that matelslonOt.

Manyoptions to Pt it, but most feel a little contrived.
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Carena, Wagner, Degrassi, Heinemeyer, Hollik, Slavich, Weiglein
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125 GEV HIGGS AND SUSY

Very interesting! Light enough that SUSY still
seems sane, but heavy enough that matelslonOt.

Manyoptions to Pt it, but most feel a little contrived.
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In the MSSM, a 125 GeV Higgs requires large quantu
corrections, with multi-TeV SUSY-breaking parameter:
reintroducing (part of)the hierarchy.

P. Draper, P. Meade, MR, D. Shih O11



INTERPRETATION

Most straightforward option if we doo@tpletelgive up
on SUSY solving the hierarchy probraviidly split

spectrum, scalars at 10 to 1000 T&dives moduli problem,
helps with Bavor.... Notetsupersplit!)

Or, complicating thingsatural SUSY .

We needB(eyond)MSSM physics to raise the Higgs

IMaSSCould allow heavier stops at same tuning measure due to large tr:
level pieces (see Hall/Pinner/Ruderman).



DICHOTOMY

Higgs at 125 GeV

s b

Beyond MSSM, MSSM with
natural heavy scalars
robust f \ / \
experimental
connection

Stop search; Models? Gluino  Top-down

Higgs sector (NMSsSM,D-terms, Search  theory
(rates, decays) compositeness....)



MSSM + SINGLET

One of the most familiar ways to lift the Higgs mass I
add a singlet superb&dnad

W=15H,Hyq+ f(5)

OW |*

— L EsEAR

Contributes to the potentialFs|” =

New quartic meankarger Higgs mass



MSSM + SINGLET

One of the most familiar ways to lift the Higgs mass I
add a singlet superb&dnad

W=1S5H,Hq+ f(S5)
| e oW
Contributes to the potential#sl” = | 5| !

New quartic \New quartic involves H, and H g
maximized at small tan beta.




MSSM + SINGLET?

Tension whenever there Is a fundamental singlet
scalartadpole vsdomain wall

One way out: not really a fundamental singlet; itOs a
bound state of stuff with charges.

Examples: Fat Higdgafnik, Kribs, Larson, Murayama)
composite stop & Higgs (Csiki, Randall, Terning)

Objections: coincidence of scales (tuning!), gauge
coupling unibcation Is generically spolled.



NON-DECOUPLING
D-TERMS?

Charge the Higgs under another asymptotically free
gauge group (e.g. Batra, Delgado, Kaplan, Tait, hep-f
0309149) to get nevidD-term gquartics and maintain
perturbativity to high scales.

Break
@ SU(2) nonsupersymmetrically
to the diagonal.
. New terms of same form &
A T

e.g.




COUPLINGS

MSSM: b-quark Yukawayi$l;bb
Largetan 3 b large, light HiggmsmostlyH..

My = YVpVg = YV cos |

Due to h admixture of up- and down-type Higgses, |
different coupling from the SM:

: 2
sin! 2me<,




COUPLINGS

MSSMmixing with heavy state neam produces:

sin | 2mZZ
0re8/9 g = R e
COS mA

NMSSMmix with singlet S. Tends to lower the

branching ratio of Higgs & . (Hence: raises photon
BR.)

2
New D-terms: ¢ (\Hu\z | Hd|2>

Alters up/down-type Higgs mixing relative to MSSM;
changes corrections (see Blum & DOAgnolo, 1202.2



COUPLINGS

The Higgs-gluon-gluon and Higgs-photon-photon
couplings are related to beta function coefpcients:
1 (Shifman et al.)
Gauge theory: £ = —4—92G3VG3“”
Run fromA down tow  with an intermediate
thresholdy < M < A at which the beta function

changes fromd to+ Ab

RG: i s 4 38
8m2 M




LOW-ENERGY THEOREM

Suppose the mass threshold is actually a function
of space and time:

M & M+ $M(x)
Then we have a spatially varying gauge coupling:

1 1 $b M 1 $b0M(x)
Pz)  Pp)  8n2 CM(z) g(p) 8r2 M

In particular, M (z) depends on the Higdé,= M (h(x))
then we extract an effective coupling:

Ab 0log M (v)

3272 Ov

G2, G




REMARKS

| b N auv" logM (V)
32 QhG“”G "v

Any heavy matter with mass proportional to the Higgs
VEV contributes with the same sign -- whether 1tOs a
fermion or a scalar. Also, nondecoupling.

This tends toncreasgluon fusion (reinforcing top

contribution) andlecreasphoton BR (becaus& loop
has the other sign.)

| log M;(v) ! logdet M(v)

Sum eigenstates: Z | = | o

1



STOPS

e Mg + (y7 + O(g?)) v* YU sin B X
t YU sin BX; W, (yt2 35 0(9/2)) v

Here X; = Ai! upcotg,the O¢) parts are D-terms | will
hereafter ignore, and the key point is thee Higgs
VEV appears in both diagonal and off-diagonal
terms.

For large soft masses:
1 logdet M 2 M2, 4+ M2 — X Zsin® 3
2 oV é




STOPS

Things to note:

1 Ologdet M 2 N@mQ+m2@xt sin® 3

2 OV Mm2,m2 — X 2m? sin® §
Small numerator factor  Minus sign: large mixing
(for heavy stops): no leads to opposite-sign
longer nondecoupling couplings

Intuition: in the highly mixed case, larger VEV means
mixing, splitting light and heavy stops more. The light
contributes more, and Is pushed lighter, so the overal

reverses.



HIGGS COUPLINGS FOR
NATURAL MODELS

Two effects weOve discussed impact the Higgs
production and decay:

Mixing altersbbrate, thus changing all other smallel
branching ratios.

Loops alterggands$s$ couplings.

OTypically,O in natural models, can have effects ~20
more.



NATURALNESS AFTER 201

¥ Solid evidence for non-SM Higgs couplings wouloveeya
strong hint of naturalness

¥ Few studies of btting Higgs couplings based on 8 TeV, 2
¥ 30% precision on couplings seems plausible; can we do

¥ Unlikely we can makerystrong claims about ruling out
naturalness this year, but might be left stilong tension

¥ Other path to attacking naturalndssp partners



A STEALTHY STOP?

The stop could be lurking very near the top quark ma:
canceling the Higgs mass corrections.

s o
Very hard to see 4 /
in this mass range; an, |
instance of‘stealth 7 |
supersymmetry” : f ATUAS i MET (/1)
(J. Fan, MR, ’:] 1’”‘:|_, ...................................... Z Zzo;;:ﬂig
Ruderman, O11) 150 200 250 300 Tev:;tg)ghm 400

Mstop [G@V]
Y. Kats, P. Meade, MR, D. Shih O1



LIGHT STOPS

One idea: leptonibr. (Kats, Meade, MR, Shih)
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OTHER IDEAS

Very light stop: need to supplement
missing ET variables with more
information. Work with Z. Han, A. Katz, D. Krohn

L(dat) ttbar_corr(blue), stst(red)

spin correlations |
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CONCLUSIONS

¥ The answer toi® the weak scale natural?O may come
Into focus soon

¥ Measuring Higgs decay and production rates crucial
¥ Searches for BMSSM phenomand stops very importan

¥ Eagerly awaiting the next year of data and analyses!



