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fHabemds Higgsam and Englertam!

4th of July 2012




- Habemus Noblam!

Nobelpris gar till
Englert och Higgs jag

dlskar dig

08.10.2013




" Habemus Noblam!

Time for party!

08.10.2013

Beer borrowed from Carla Biggio
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~ Habebamus Noblam!

Y

R A S Y R T
& N - ‘}% s
el MNP e e ———
2 .\? s & 5 : N £ - s & =
A 2 R DI T |
o & -

21 ¢

-

7 ¢ 23 4 )
13 g -~ v e
i = e 2 e . :
- . s B 3= s 7o) PN i
‘ ’: P . e S . TS SR = =1 ~
- ‘ . d .
B ‘7 ) ’ Yo > s 2 : ;

; 4 . /- 4 v

y .

)
NN

§ 2 K v " 3 '
- J S - 3 - v, . &
- A"(“Jd.—A - ? ’*'.‘, Confh - -n‘& .ét..’-g

;.;s_o.’rhis was yes’ferday, how this is today

10.10.2013

Thursday, October 10, 13



Habemus Higgsam

“ - this is this
moment after a
- party when you
~ wake up and see
who are you 1n

bed with...”

10.10. 2013
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Lh,sim = — 2 Wi W, 2ZuZ
7 parameter fit hatn = e SRR W, + cvimz 2, Z
Best fit and 68% CL range for 7 i 7q — 4q — ¢ myll
parameters of effective Higgs Lagrangian 5 qzuzc . gdd Ay bmqqq l l—;:::— :
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AX?=x2sm - X2min = 7, with 7 d.o.f.
the SM hypothesis is a perfect fit

o +0.015
CZ’y G O 006 —0.028 Fit as of 23/09/2013

Islands of good fit with 7 fhan,éj Zo Y/erMéS Be/ LZSCQ>

negative cu, cd, cl ignored here
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~ Habemus Higgsam

Are we_stuck.With
precision Higgs
physics? =




 Habemus Higgsam

_BUt*mqybe

v sy
R . Higgs has a
— ;ffi , - more
43 [\ AW interesting
6 2 e L face?
YN 4 e W |

THIS Discuss the possibility of
TALK: exotic Higgs decay channels

(exotic==not predicted in the SM or predicted with a ridiculous branching fraction)
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Exotic Higgs Decays

4 // n//(/néeré Very pre/ /‘m/nd_ry )
Zake her coith a grain of salt

required
beyo nd " of owlard/ (V2 /Snore
this point | |
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Exotic Higgs Decays - Why?

Indirect constraints (via visible decays) allow for up to ~25%
branching fraction into exotic states (if the Higgs production
rate 1s as in the SM), or even up to ~50% with some conspiracy
(1f the Higgs production rate 1is enhanced). That means the LHC
cross section for exotic Higgs decays could easily be order
plcobarn
® The SM Higgs width is just 4 MeV, so even weakly coupled new
physics can lead to  a significant branching fraction for
exotic decays. E.g., a new scalar X coupled as clHIM2 [X|A2
corresponds to BR(h-X*X)=10% BR for c~0.01.
5 Thanks to the large Higgs cross section even tiny exotic
branching fractions may possibly be probed. For spectacular
enough sighatures we can probe BR~0(10A-5) now and BR~0(10A-8)
in the asymptotic future. [ Note that the Higgs was first
discovered in the diphoton (BR~10A-3) and 4-lepton (BR~10A-4)
channels ] -
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| Exotic_Higgs-DecayS-— How?

Néw_ light degrees of
- freedom affecting
Higgs decays

No new light
degrees of freedom
beyond those of the

~. - SM

" Multiple - _ |
possibilities, large | , | | Leading effects
model dependence - - expected from

dimension 6
operators beyond
the SM
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Exotic Higgs Decays: SM+X

Excluded by
monojefts

-Examples:

. h > 1nvisible :
h » XX, possible e.g.
Higgs portal DM models

2 2 _ i | Excluded by
.X IH‘ | - ) ZH—invisible:
| | | i

Searches ongoing, 1nteresting
experimental limits, -but somewhat
stronger indirect limits

Favored

_____________

h > monophoton/monoZ
h » XV, possible e.g.
1n hypercharge portal
models or in inverse
see-saw

[H|* X By

No experimental limits whatsoever, and I’m not
aware of ongoing experimental searches...,.
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o Exotic Higgs Decays: SM+X
Examples:

h > Four Fermions
e.g. h» 1X > ZIl1 » 41

yh X1 + h.c.
gZu)_('yﬂl + h.c.

Not so fast: recent fr/‘/epz‘ot) bownds
: : - . exclude X—>Ze or X2 with <125 GeV/
- can arise e.g. in models of composite _ S :

leptons - —’—————__________,_——;—"”'? Asz.xL»;Z17A5'c?K'

- F can be lighter than 125 GeV for all ' AA, Straud, Vicente,un proﬁre_\SS
we know, so Higgs cdan decay to on-shell

F

- Yukawa coupling as small as 0.01
leads to BR(Ch->1X)~0.01

- Distinct kinematics from the golden
channel (Z-1 resonance,)

- - If F couples to 2 different fermions
then Z 1 1° signatures with no SM

background work in progress with R.Vega-Morales
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But, since this 1is
a HEFT workshop...




Exotic Higgs Decays: HEFT approach

Leg = Lon 4005 Lot 5

Li—6 = Lsiu + Lorv + Lorp + Lap + LGauge + LoPB
CP Violating

F=tegpion 4-fermion interactions
Hiqqgs interactions with  Vvertex . operators
99 2-fermion °P Gauge
itself, SM gauge bosons corrections H Wi gelf-
and Yukawa interactions P . .
with Formitoes operators interactions

9 (@) (D LH) + =2 (@v'a'a) (W' D LH) -
1CHW g LTT\T i T Tri
| "'”“ o (1D .H) 4 " (deey*ds) (H'D ) —— (D"H)'e"(D"H)W,,, +

myy mW
+ ( = o (Ugydy) (H' 1,_H] - h.r.)
v

ICHBJ (Dl H) (DVH)BMU

~ 2 - 2
cy g ~ Co % .
+ L H'HB B 4 2 95 HTHG(E Cranv
A + 8L (o) (D) + S (L) (0D H) iy miy
' &% 3 LY kg . L1 L ”
a«(u H)3,(H'H) + 5 (u }?u)(u ‘B’hu) - “:2 (H'H)* o s’ g e s S22 - 99 I
a " (ley't) (H'D ), m2, py
+ (( S e H'H G un + 5 ya H'H quHdn + 5w H'H LiHIg) + b v

+ o (H aﬁzu)(n W) + (M'S"’u) @B,

2’"“ Ce 9 S

C\augl Va dL ,ltauyuk B 4 Cn“'g YL oal!<a;.yu" “,-u 4 n~l2 o Yu Q[_Ilca‘wAuUH Cu”
Nr H w

.m l

4 "“9(1)-11)a[n H)WS, + "”‘9(1)"1!)'(1)'11)1;,,.

yqu’JG dRB + ‘qy,,qLa Ho" dRH + yJQL’lo ‘ANdp G?

?
L& g”
H'HB,  B" + LA H HG, G,

miy mi,

__f-‘mg' aw g ¢ i hoe

ma wl Ho™ g B, + i wLio'Ho g W,

N>>59 ways to leave your SM lover
Some operators probed by precision Higgs physics,
and some by exotic Higgs decays
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ExoticﬁHiggs Decdys: HEFT approach

| | 0 - . work in progress with
QU_eS't'.l.OnS : T. Volansky and R.Vega-Morales

)

What kind of exotic Higgs signature can arise within the EFT
framework of SM + dimensibn—G operators ?

(So

What are the current constraints on the coupllngs mediating
the exotic decays? | , |

(30

For each decay channel, what s the maximum branch@ng
fraction allowed by current constraints?

0

In case the brdnching fraction is observable, what scale of
the operator 1s being probed?

c.f. with precision Higgs physics probing A~1 TeV, or EWPT probing
A~10 TeV, or B physics probing A~100 TeV

TIn 2his Zalk, I restrict o exotic decay Cﬁdnhé/ S with Chdﬁﬁed leplons
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HEFT: Z—body'LFV decays

SM BSM

| | . 2

LZ—_ELHYZR ‘A2| LLHYlR—I—hC |
| 3

L —5 15 Ll +hec.  1#7 Y ~ YA2
Harnik ef al 1209.1397: | . . _
Yye S3.6 % 107° e, - Br(h > pe) <10-5
Jee = 1A% 1077 = Br(h o Te) S20%
e ailisann ~u Br(h — 1) < 25%

Probmg Br of 1/0.1% translates to

probing A of 5/8 TeV
(!better than Higgs precision!)
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HEET: 3—bbdy LFV decays from vertex operator

J

| . = — (@r*av) (HT‘B H) PR 2L (ayo'q) (H'o* 7, H)
- Consider vertex operators violating i,
lepton flavor

(apy ug) (H' D H) + "i“ (dry“dy) (H''D .H)

—nggs coupllngs come at cost of LFV Z- L (7, o L (1ot Ly) (H'o*D R
boson couplings ’

(1 h/v) u gz, LlLW'%L gz, rlry"*ly) + h.c.
 0ld limits from OPAL and DELPHI
BR(Z = etuT) <1.7x107% = §g2., <1.8x 107"
BR(Z - e*7T) <98x10°° = 4g7,, <1.0x10°
BR(Z - p*rF)<12x107° = 6g7,, <1.2X107°
imply stringent limits on branching fractions:
Br(h — Zeu) <3.3 x 107°
Br(h — Zet) <1.9 X 107 so that will never be
| observable
Br(h = Zut) <2.4 x 10~ |
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HEET: 3—body LFV deCdys from dipole operators

- Consider dipole "operators - - -
. o ulB = L Lt > ulV . = ai Cohv . 1t 4 G JSs ’ ~ Cghv \@ > a )
violating lepton’ flavor ' m3, Ve SO R Bt g " Qo 0T R W % 2 " Yu QoA UR G

- ’ -
Cdn Caw 9

. + - ‘.‘;" vaqLHo" dp By, + —5> yaGro*Ho" dp ‘,‘,‘:y+é¢:7(l;2ys yaqLHo" Ndg G2,
° . 9 - W Iy
nggs coupl}ngs to yll’ come +iwaﬂﬂwmp+%fwhfmwhwﬁ+h&
at price of dipole operators ' ’
contributing to 1’-1ly which are

i b g e e R

—Higgs'couplings to Z come at
cost of LFV.Z-boson couplings

d2,,+d2, <32x107% = Br(h— Zep) <1.9x 1078
de.;+d2, <1.8x107° = Br(h—- Zer)<11x10""

&z +di, <22%x 1077 = Brlh = Zrp)<13x 107’

similar limits as for vertex mediated. decays,
never unobservable
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HEET: 3—body LFC deCdys from dipole operators

e Con S 1‘ d er d 1‘ pO]‘ S Ope rlato 'S . (':,,329' Yu GH 0" ug B, + é"“;," g Yu Gro' Ho"™ ug H"‘iu + E,T,,(:?gs Yu GLH 0" N up G,
that conserve flavor

My My W

~ ! - - .
CiB g Caw 9 CdG 9s

T ’ .'f,, ydq[,}l(f‘wdnlj‘w+ 2 ydqbo'llo‘“'dnl'i"“wﬁ- "1.2. ydq"[,Ho“"/\"dRG:‘w

Gw 9

- Higgs couplings to Z11 make a gﬁﬁymdwwum+"&y¢mmem@+na
tiny shift to golden channel '
width

faa dis |
diz '—h-lLO’“’lRy,w> P Ee

(1 -+ h,/’U) (—ZLO'IWlRZIW + :

(¥
- Higgs couplings to yee and

YUp come at price of anomalous
magnetic moment operators: and
are strongly constrained

- But ytT only constrained by J though needs some
LEP-2 and larger Higgs coupling ry < 0.06 coneel Lat

) in dtZ
to yrT 1s allowed st

Br(h 5> yr77) < 6 x107°
observable?
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EFT for Exotic Higgs Decays

® Complete list of operators, ihcluding
quark operators.too (more difficult

experimentally, but weaker limits
from LEP)

® Effective theory approach for SM+X,
for scalar, fermionic or vector X

work in progress with
T.Volansky and R.Vega-Morales
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Summary

® Exotic Higgs decays may be the portal

to new physics

® Large exotic decay rates readily

possible 1f there exists a light BSM
degree of freedom coupled to Higgs

® Stringent constraints within HEFT,

but a few window of opportunities
remain |



