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A — Hiqggs fits with generic Extra-Fermions

) Generic Higgs fits

Today : The LHC has discovered a resonance of ~ 125 GeV

== |l /s probably the B.E.Higgs boson => EWSB mechanism

+ Tevatron and LHC provide ~ 60 measurements of the Higgs rates
= new precious source of indirect information on BSM physics

mw) nature/origin of the EWSB : within the SM or BSM context !?
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On the theoretical side:

New fermions arise in most (all?) of the SM extensions,

— little Higgs  [fermionic partners]

— supersymmetry [gauginos / higgsinos]

— composite Higgs [excited bounded states]
— extra-dimensions [Kaluza-Klein towers]

— 4th generations [new families]

— G.U.Theories [multiplet components]
—efc...

m What are the present constraints on GENERIC Extra-Fermions
iImposed by all the experimental results in the Higgs sector ?



Effective approach : Corrections on the Higgs couplings

from ANY extra-fermions (via mixing, new loops)

Eh:—Ct}/thLTLtR—CbYE)hBLbR—CTYTh%LTR
o v Qs apv a
+ Chy— h F*Fuy + Crggro— h G* Gy, + hee.

Modifications of Y; Yukawa couplings via (f’) EF mixings : £ sm
R
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Higgs production cross sections over their SM expectations :

Cason  |(c+ o) AlT(ma)] + ey Alr(my)] + Alr(m,)]|” Tt 2

T |Alr(me)] + Alr(ms)] + Alr(me)]|” R

Higgs partial decay widths over the SM predictions (no new channels) :

Ihoyy g A1[r(mw)] + (5)%(ci + i) Alr(my)] + (—3)?cp AlT(mp)] + (5)2 Alr(me)] + 3¢ Alr(my)]]
. S sl (mw)] + (B2 Alr(mo)] + (=32 Al (mo)] + (3)2Alr(mo)] + $Alr(mo)]]
Fh—>15b 2 IR 2
FSM S |Cb‘ FSM St | 7'}

h—bb h—71
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Measured signal strengths all of the form (exp. selection efficiencies) :

/ \

€hqq |P _€hv _Chit i
o S — e - 0
D N gg—>h‘ €gg_sh |5t hqq’ €gg—sh | S:Csl ‘ €gg—sh |5:Cst htt’ Bh—)XX
gg—)h 6gg—>h 5,C,1 hqq €gg—sh | S:Cyl €gg—sh | 1G5t htt h—)XX

For the fit analysis, we define a function X*(ct, Cb, Cr, Cggs C1y)

ol

2
2 (lus,c,i_lus,c,ilexp)
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experimental results...
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Higgs fit
results :

( 3 free
param.)

AFTER
MORIOND
2013...

Ax? = X% — X
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« 3 conclusions for this generic fit.. »

* The SM point ( x3,; = 57.10 ) belongs to the 10 region
* Determination of ¢4y, and ¢~ relies on the knowledge of YEF (c,)

* ¢, and c; are significatively constrained
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Varying the last parameter : C;
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ll) Constraining single Extra-Fermions

1. Single Extra-Fermion (starting approximation) => new loop-contributions :

o 1 o C(t’)ﬁA[T(m N — Clgs/3) YQ5/3 Alr(mg. . )] +
9 = GOAl(mo)]/x ey AL (me)] = Olasga) A
u 1 3 2 2}/15/14 NQ5/3 ) 2Y(J5/3A QYE’A
et =gy | ~2(5) e AT =N () 2 Al )= G Alr(mel)
2
2. Same color repres. - Cryy q 2 soft assumptions give
as the top quark C ) (2/3)2 quite strong predictions !
S (e.g. any b’, chiral/VL)
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(2 free parameters)

Ct =1
_ )
cp=1 I Oy =-1
Cog =0
Z2 -1 0 1
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independently of Y., masses, SU(2),_ repres.

|
|
| |Q|pert.
|
|




14/38
AFTER independently of Y., masses, SU(2),_ repres.
MORIOND 2013...

10

(2 free parameters) T 9%




...................

LHC !

(1 free param.)

For a low-charge q’,

fxtm-@.y%rmz’gaﬁz’[z’a :

Y.,
sign( q> < 0
mq/
...increasing the

diphoton rates —
as favored by data.
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Log,,(my(GeV))

)

qs;3

ds/3 — tWT

ds/3 — tWTWT 25 30 35 40 45 25 30 35 40 45 50 55
Log,o(my,,(GeV)) Log,(my,,,(GeV))




16/38

lgwwélacmd (A)
Already non-trivial & generic constraints on extra-fermions from the

Higgs rate fit :

Difficult and correlated determinations of the top Yukawa coupling and
parameters for the new loop-contributions to hgg , hyy.

Interesting theoretical predictions for single extra-quarks [same color
as the top] - independently of Yukawa’s, masses, chiral / VL w.r.t. SU(2),

=> Possible electric charge determination in case of deviation w.r.t. SM

=> « Extra-dysfermiophilia » prediction for a low-charge extra-quark
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B — VL quarks to increase Higgs diphoton rates

) Minimal realistic models of VL quarks

Situation in June 2012 :

(a ~ 125 GeV Higgs boson not yet confirmed at 5 standard deviations)

Higgs rate deviations w.r.t. the SM especially in the diphoton channels..
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Assessment : on the theoretical side, Vector-Like quarks arise
in most Supersymmetry alternatives like

— little Higgs

— composite Higgs
— extra-dimensions
— GUT

Could VL quarks reduce the largest deviations in the Higgs rates ?

=

If yes, which VL quarks and to which goodness-of-fit ?
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— Increase B(h - YY) via g,y
as no g,y corrections in VBF

no extra-quark effects

vy | -t mix inefficient
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— Increase B(h - YY) via g,y
as no g,y corrections in VBF

_____ W no extra-quark effects

W

pu—

q | t mixinefficient (Y, ~1)
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— Increase B(h - YY) via g,y
as no g,y corrections in VBF

_____ W no extra-quark effects

W

pu—

q | t mixinefficient (Y, ~1)
_____ q9 | NEW Qg3 , J.4/3

e | XY

Y = Qe.m. y I3L
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— Increase B(h - YY) via g,y
as no g,y corrections in VBF

W

W no extra-quark effects

—_ —_— e — —

W

pu—

| t mixinefficient (Y, ~1)

q
h
————— <{x < NeW g, 043 (M >~ 600GeV)
q
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— Increase B(h - YY) via g,y
as no g,y corrections in VBF

W no extra-quark effects

—_ —_— e — —

W

pu—

| t mixinefficient (Y, ~1)

q

h

_____ <{;WM - new , Q43 (M >~ 600GeV)
q

next one’s : dg;3, 9.7/3

—



25/38

— Decrease o,B(h » WW)

Via production :

Interference...
g . g
) ! ...destructive
_____ q ————— q
q /\/\/ q
& g
top Qg3 d-7/3

[coupled to h]



The induced minimal SU(2) xU(1)y representations : 8

y Doublets «[ (9873, 5/3) 1376 » (G8/3)sy3 » (0)—1y3, (V' a-a/3)"5/6
(q_4/3’q_7/3)t_11/6 ’ (q’_7/3)_7/3 ; (b,)—1/3 ; (b”aq—4/3)t_5/6
t
Triplets { (QS/37Q5/3>t/)5/37 <Qé/37qg/3)§3/67 (b/>—1/37 (b//7Q—4/3)t_5/6
(b/’q_4/37q_7/3)t—4/3 ) (q/_4/37q/_7/3)t_11/6 , (b//)—l/B , (t/’b///)i/G



The induced minimal SU(2), xU(1), representations : “loe

g Doublets (QS/37Q5/3)§3/6 ), (qé/3)8/3 ; (b/)—1/3 ; (b”aCI—4/3)t 5/6
(Q—4/37Q—7/3)t_11/67 (q’_7/3)_7/3, (b,)_1/3, (b", q_ 4/3) 5/6
Triplets (QS/37Q5/3775/>§/37 <Qé/37qg/3)§3/67 (b/>—1/37 (b y 4— 4/3) 5/6
(b/’q_4/37Q—7/3)t—4/3 ) (q/_4/37q/_7/3)t_11/6 ! (b//)_1/3 ; (t 7bm)1/6
II

(%/3»615/3»75/)2/3 , (%/37%/3)33/6 , (q:’)//37t/,)7/6 , (0)- 1/3 (", b”)l/G or (b”,q_ 4/3) 5/6

predicted phenomenology : 45,5 — (]5§3>W+ — Ly WTWT
111

(b/7Q—4/37Q—7/3)t_4/3 v (q/—4/37q/—7/3)t—11/6 ) (b//7qﬁ4/3)t_5/6 , (b"")_1/3 and/or (t’,b””)?i/6

main decay mimics b’ : ¢t 73— 4 (4/)3W_ — o W-W~—
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An explicit example : the Model Il Lagrangian

t / q W = T e
T = Y(b) HTt%JFY < 7?///3 ) Ht%+y8/3< / > H ds/3 +Y5/3( 7?//3 ) Ht ds/3
A s UB5/3 /) 1R 4 .. L/R t/ R/L

t t b// b// i B
Y, HvS, + Y/ HY, +Y/ HbvS +Y_ ) HY, . +m b b% +m' b, b
g b<b>L T b(b>L R b<q_4/3>L R 1/3 a-1/3 ) 1 m R/L T T Op0p i

b b’ qg/ q" Qé 3 qé 5 dg/3 ds/3
+m_ + E 5/3 ) +m/ / B +m +H.c.
m 4/3( - >L< q_1/3 )R m5/3< " . 1 N 8/3 qé/g y qg/g A 8/3 q?/s (J5t,/3

L R



ijons as in warped/co

/37‘1&/3)33/6 ; (qg/37t”)t7/6 , (V) =1y, (70

D S i
X7 Uy DY

?

T3] q'P =(2,3)76 =

=xU(1) tP = (1,4)7/6 = [th”' > G Vi Df'f] :

with Y’ being exotic fermions with @ = 8/3.
FROM L. Da Rold,



ijons as in warped/co

8/3:05/3)13/6 » (G5/3:t V776 > ()13, (", 0")

D S i
X7 Uy DY

?

q'P = (2,8)7/6 =

=xU(1) tP = (1,4)7/6 = [thp' > G Vi Df'f] :

with Y’ being exotic fermions with @ = 8/3.
FROM L. Da Rold,
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Similar quark configurations as in warped/composite frameworks..

II
(Q8/37Q5/3775,)g/3 , (qg’g/g,qé,/g)’ig/f; ; (qé’/g,t”)7/6 , (0)- 1/3 5 (", b//)1/6 or (b",q- 4/3) —5/6

chp, Xfpl U

)Clp Ullp Dlp

SU(2),xSU(2)exU(1) e = (L4ye= v X7 U@ D] .
with Y’ being exotic fermions with @) = 8/3.

FROM L. Da Rold, arXiv:1009.2392
III

(b 0-4/3:0-7/3)"4y3 » (@Lay3:073) 11s6 » (07,0 4s5) 576 » (B")—1/3 and/or (¢,6™)] g

tQL bL q”— L t%/ ?C///
{Qar} = (2,3)_56 = (b . qg i/é) (0%} = (3,2) 56 = br QE' 4/3)R
2L d-4/3)L U-1/3L " or C1r9n

FROM C.Bouchart et al., arXiv:0807.4461
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Il) Numerical results for the Higgs fits

\
m

| 150Gev | 11 m!, =990 Gev
3000 - | i
All the Higgs boson rates @ 10 | ¥
in a large parameter space : | N
2200 S5 ¥ Model 11
| o my = 125 GeV
% 20007
g |
=
1500

D,

Y =101,Y" =1, Yg;3 =25, Y53 = —0

Y, =—-0.053, Y, =1,Y) =1,Y_4,3 =1, 1000

m' = 1200 GeV, m_4,53 = 900 GeV,

800 GCV 1 —__ _________ il

s00-
ms/3 = 1000 GeV 500 1000

1500 2000 2500 3000
mg3 (GeV)
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Il) Numerical results for the Higgs fits

| 150Gev | 11 m!, =990 Gev
3000 - | N 33
All the Higgs boson rates @ 10 | ¥
in a large parameter space : ‘: %
. \ Model I
I o my, = 125 GeV
mb2 > 611 GeV (Bb2—>t1W = 1) S 1 \
o 2000
Mgt > 611 GeV (Bq;/ﬁtlw =) c% ,
Mme, > 560 GeV (Biy—b,w = 1) 'éo I
1500
mgr, . > 560 GeV By, w1 f
10007
mp, ~ 840 GeV 7
| ~ 7 ’ 800 GeV WP :
’72‘511_4/"3 ~ S)OO C'}e\ 500; y mlq8/3_650 GeV ;
Mty R 000 — 1010 GeV 500 1000 1500 2000 2500 3000

m8/3 (GeV)
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Model also reasonable w.r.t. indirect EW Precision Tests (LEP) :

06S=013 T=032 xX’=427
8S=0.10 T=013 X’=463

Xosm = 12.48 ——

my, = 125GeV

O Bpoer

gy Bh—>WW

O Biozz

-1 0

3 35 4 5
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Optimizing the oblique parameters : X°su/8=1.6  x?%,/(8-3)=0.9
0S=0.13 T=032 X’=427 -0
——> 0S=010 T=0.13 X’=4.63 e
.
.
o e
o o
o
¢a Oh Bposre
—a—
Xosm = 12.48 —— o, Bhoww
my, = 125GeV ca o, Brozz
1 0 05 1 15 2 25 3 35 4 5 6 #
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Other scenarii for improving the Higgs rate fits at that time..

- VL leptons : smaller masses => larger effects M.Carena et al., arXiv:1206.1082
- Little Higgs non-trivially constrained D.Carmi et al., arXiv:1202.3144
- Minimal Composite Higgs Models constrained J.Ellis et al., arXiv:1204.0464

A.Azatov et al., arXiv:1202.3415, arXiv:1204.4817
- Type |l see-saw : welcome H** exchanged in the hyy loop
A.Arhrib et al., arXiv:1112.5453
- Extra fermions in exotic SU(3), multiplets can help (effective coupling level)
V.Barger et al., arXiv:1203.3456
- Higgs sector breaking the custodial symmetry accommodates B, versus B,y
M.Farina et al., arXiv:1205.0011
- Fermiophobic Higgs : increase B(h —=»YY) but fermion masses from TC ?
E.Gabirielli et al., arXiv:1202.1796
- SUSY : problematic correlation between the WW and yy channels
P.P.Giardino et al., arXiv:1203.4254
- 4% generation, radion, dilaton : difficulties to enhance the diphoton channels
arXiv:1107.1490, arXiv:1112.4146
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Gonelusions (B)

We've presented the list of minimal field contents of VL quarks allowing to :

induce a large enhancement of the Higgs diphoton channels

with an acceptably small tension (between EWPT and the Higgs fit).

Vv

Therefore, VL quarks could certainly induce increases of the Higgs
diphoton rates in case of future (smaller) excesses in data w.r.t. SM.



Back up
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LHC Signatures of Warped-space Vectorlike Quarks
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Abstract

We study the LHC signatures of TeV scale vectorlike quarks ', ¢’ and y with
electromagnetic charges —1/3, 2/3 and 5/3 that appear in many beyond the stan-
dard model (BSM) extensions. We consider warped extra-dimensional models and
analyze the phenomenology of such vectorlike quarks that are the custodial part-
ners of third generation quarks. In addition to the usually studied pair-production
channels which depend on the strong coupling, we put equal emphasis on sin-
gle production channels that depend on electroweak couplings and on electroweak
symmetry breaking induced mixing effects between the heavy vectorlike quarks and
standard model quarks. We identify new promising gg-initiated pair and single pro-
duction channels and find the luminosity required for discovering these states at the
LHC. For these channels, we propose a cut that allows one to extract the relevant
electroweak couplings. Although the motivation is from warped models, we present
many of our results model-independently.

1 Introduction

The standard model (SM) of particle physics suffers from the gauge hierarchy and flavor
hierarchy problems and many beyond the standard model (BSM) extensions have been
proposed to solve these problems. The extra particles in these BSM extensions are being
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