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Higgs data so far...

Decay channels:

— h->bb

(BRgyy=0.569)

— h->Ww* (BRg,,=0.224)

— h->tt

— h->z27"

—  h->yy

(BRq,,=0.063)
(BRg,,=0.028)
(BRg,,=0.0023)

 Signal strengths (u)

* Number of signal events normalized to SM prediction

* Production mechanisms:

* Gluon-gluon fusion (ggF)
(Ospm_grev=19.4 pb)

* Vector-boson fusion (VBF)
(Osm_srev=1.55 pb)

* Associated production
with gauge bosons (VH)
(Ospm_grev=1.07 pb)
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» Several analysis categories for each decay channel

e Generally target certain production mechanism
0/1 — jets, VBF-tag, VH-tag, ttH-tag
* Does not imply 100% purity




Decomposition into production mechanisms
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e Parameterize likelihood with (G. Cacciapaglia et al, G. Belanger et al)
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Higgs data summarized

(arXiv:1304.4219 - S. Fajfer, A. Greljo, I. Musta, J. F. Kamenik)

Decay channel| Production mode |Signal strength Comment
ATLAS
h— ZZ* |Inclusive (87% ggF) 1.5+04 [14, 21]
h — bb VH —0.4+1.0 [14]
h— WW* ggl +ttH 0.79£0.35 |correlation p = —0.3, [14, 22]
VBF+VH 1.6 £0.8
h — vy ggF+ttH 1.60+0.44 Correlation p = —0.4, [14, 23]
VBF+VH 1.80 +0.87
h— 711 gl ttH 22416 Correlation p = —0.5, [14]
VBF+VH —-03+1.1
CMS
h — bb VH 1.3+£0.7 [15]
0/1 jet (97% ggF) | 0.76 £ 0.21 [24]
h— WW?* |VBF-tag (20% ggF)| 0.0 £0.7 [15]
VH —-0.3+2.1 [15]
h— 272 ggF it 0.90=045 | rrelation p = 0.7, [25]
VBF+VH 1.0+2.3
h — ~~ ggl +ttH 0.52+0.40 Correlation, p = —0.5, [26]
VBF+VH 1.5£0.9
0/1 jet (80% ggF) 0.73+0.51 [27]
h— 1T VBF-tag (20%ggF)| 1.374+0.63 [27]
VH 0.75£1.5 [27]

Table I: LHC Higgs data used in the analysis.




Light colored scalars and Higgs phenomenology

arXiv:1208.1266 (JHEP 2012:130) - I. Dorsner, S. Fajfer, A. Greljo, J. F. Kamenik

o Motivation (Grand Unified Theory)
o Light colored scalars improve unification —
o Correlation with observable partial proton decay lifetimes
o We find viable unification scenarios for two SU(5) models

e 5-,45-scalar and 24- dimensional fermion — Perez (2007)
e 5-,15-, 45- scalar — Dor$ner and Perez (2006), Dor$ner and Mocioiu (2008)

. Higgs portal! |@TOHTH

o Loop induced Higgs decays « Higgs signal strengths analysis:
« Sensitive to colored and/or « Fitting parameters:
charged massive particles Rgg=0gr/Oggr> @and R =Ty o /T Y

a) h->vyy, h—>2y
b) gg—~>h



Light colored scalars and Higgs phenomenology: Results
o Correlation between h—>yy and gg—>h ) 2
Lhosyy Av 2
: : i = [1-0.026) “—dyQ
- Dimension and Index of color rep. - dy, and C, IR qu:mi ¢
o Electric charge Q, )
: Zosl" _ 11 40 262>‘—”2(J
« Single parameter Av?/m,? SA —~mZ "’
« Do one-dimensional x?, find allowed parameter region
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Light Vector-like Quarks and Higgs Phenomenology

arXiv:1304.4219 (JHEP accepted) - S. Fajfer, A. Greljo, I. Musta¢, J. F. Kamenik
* Set-up
— Assume new lightest degree of freedom - Vector-like Quark
(VLQ)
— Consider weak representation of SM chiral quarks — mixing!
e Singlet Up-type VLQ, Singlet Down-type VLQ, Doublet VLQ
— Study leading dimension five operators (5DO)

H'Hg,Q, H'HQQ

e Motivation

— Models addressing EW hierarchy problem with Higgs and VLQ
being lightest composite remnants of strong TeV dynamics

* Higgs data: Probe of Naturalness




e Renormalizable models with VLQ

— Mass terms in weak (chiral) eigenbasis
— ﬁma.ss = ﬁEMETE:lR -+ d_ILMidjdg{ -+ h.c.
— Bi-unitary rotations

w,d u,df
Mu,d,diag — UL Mu,dUR

— Interaction terms in mass eigenbasis

%mﬁ% Pod’ + Vi Pad?)WT + hee.,

9.‘:"”?

)C.Lr:—

L, =— (X3 ul’}r“PLuf’; — X d'yH PLd’ + Y3y Ppu’ = Yid'y¥ Ppd’ —2s3, 5 ) Z,,

£ = (X% - V)L Ppudh — (X - v)E f’d*P wdih 4+ hec..

n

— Flavour matrices
VEk = (U508  Xv = VEIVEH, xd = yLiye

* Higgs interactions fixed by neutral current interactions!




« Summarized constraints on flavor matrices (Renormalizable models
with VLQ)

Coupling |Constraint Reference
X5 LIYE |<21x107%  [12, 58]
|X;Iu1tc ] };;-:a,tc| < 0.14 a':’LpPEHdiX A

X, Vi |<14x107°
(40, 1YS < 4x10~* |Appendix B

db s

X&L,YSl |<1x107?
0X —0.0001(6) 9]
0Xce —0.0020(13) | Appendix C
5X4;  |—0.0031(20)
0X<, ~0.002(3) |Appendix C
5X7,  ]0.0027(15)
OY o 0.035(40)
oY —0.003(9)
54 |0.030(35) |Appendix C
oY —0.05700%
20 —0.018(6)

* Lesson for Higgs: Hard to distinguish from SM!



* Including dimension five operators

— Manifestly preserve mass diagonalization! - (v?/2-|H|?)

* The main consequences of dim-5 operators

A

.o Xy h2
cll = ( L ug + ] d?) [pth;] + h.c.

— Direct di-Higgs coupling
— Modification of single Higgs - quark coupling
* not related to weak currents!
* Possible effects:

— Large flavour diagonal Higgs couplings to light quarks
e Additional Higgs decay width
* h->bb

— Modification of loop induced decays
* New heavy quarks in the loops
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* Higgs data fit
— Fitting parameters —R_,, R, Ry, Ay
— Four nari .
our scenarios I= r;ﬂz — 0.569 Ry, + 0.317 + 0.085R 4 + A~y
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* Ex: Singlet up-like VLQ
* Correlation

p_ 1068r, - 0.040 + 0.0572| |, _ |83+ 18n,[
9 0.652 o —6.5/°
. . m2
* Naturalness criteria  |r, =1 - —
me.

From the Higgs fit: r '=0.87+0.08

Indirect constraint on top partner’s mass:
* m,>360 GeV @ 95% C.L.
Complementary probe to direct searches

More statistics needed!



Conclusions

Higgs data fitting procedure reviewed

Constraints on Higgs interactions with light colored

scalars

Higgs phenomenology in presence of dynamical
VLQ and dimension five operators
Higgs precision physics — New indirect probe of

New Physics
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Back up



Higgs data and fitting procedure

* Improved x* method
e Separation into GF=(ggF+tth) and VF=(VBF+VH)

—1
i 51 T i i
[UGF) P UG‘FG‘LQ-’F (F"‘GF — Hagp )
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—  Parameterize likelihood with  |[Xi =Y (k&r — figr, #irr — i r) (

(]
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e If the separation is not provided, use search categories
OA—h _¢ OggF e OVBF n: OVH n: O4tH
—  Estimate contribution from each production mode |o§}, ~ >97 GSM T SVEI GERL TSV GEM TSI G S
~ 2
2 Hj — Hj
o Gy (5
— Parameterize with likelihood ’ Zj: 0j
©  Total X*(l)=x,"+x,° hsn _ Oan B
HAa—n = —sar BSM
TA-h Ph—B

15



Renormalizable Adjoint SU(5) (p. Fileviez Perez, Phys. Lett. B 654, 189 (2007))
. Standard Model matter fields |5 10

(-1 1 1 — 2
- —= 10— (3,2, = 3,1, —= 1,1,1
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. SU(5) spontaneousli/ bro_ken down to Standard Model gauge group at GUT
scale by 24,, (adjoint) Higgs representation

24 = (Xg, 23,2(3,2),2(3,2),224) =(8,1,0)®(1,3,0)5(3,2,-5/6) ®(3,2,5/6) ® (1,1,0)
« Scalar fields 5= (Up,U7)=(1,2,1/2)®(3,1,-1/3

3)
45 = (A1, Ay, Az, Ay, As, Ag, A7)
— (8,2,1/2)®(6,1,-1/3)(3,3,—1/3)0(3, 2, ~7/6)8(3,1,—1/3)(3,1,4/3)8(1,2,1/2)
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. Extra fermion representation 24F (adjoint) (. Bajc and G. Senjanovic, JHEP 0708, 014 (2007))

24p = (98,03,9(3,2),9(3,2)=024) — (8: 150) 5 (15350) D (37 2, _5/6) D (gﬂ 2, 5/6) D (15 150)




Viable unification for Renormalizable Adjoint SU(5)
. Mass spliting constraints - from the potential Vs =m Tr(24%) + X Tr(24°24p)

_ (mps + mps)
(32 9

Mpg = MMpg, — Mp(g ) = My

« We present a viable unification in a m” vs. M ; plane, where M 1
represents the scale of gauge coupling unification.

Mgt is maximized through numerical procedure that varies scalar and fermion
masses, in accordance with mass splitting constraints, in the following ranges:

200 GeV < sy, MAL, A, AL TUAZs Mpgs Mpg, Mep s 53 M5 0 < Maur

1012 GeV S My, MAL, TNA, S MGUT 105 GeV S myx, S MGUT

. All unification scenarios below the dashed line in figure are excluded by

experimental limits on p — m%*. A lower bound on proton decay mediating
scalar masses imposed.
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Renormalizable SU(5) with 5, 45 and 15 Higgs
. Standard Model matter fields |59 10

_ _ 1 1 1 ~ 2
- = 10— { 3,2, = 3,1, —— 1,1.1
5%(3;1:3)63(1:2: 2) (J 36)63(3 ? 3)@(? ) )
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. SU(H) spontaneouslil brc;ken down to Standard Model gauge group at GUT
scale by 24, (adjoint) Higgs representation _
24 = (287 237 E(3,2)7 2(3,2)? E24) = (87 1, 0) S (17 3, 0) D (37 2, _5/6) S (37 2, 5/6) S (1> 1, 0)

2 0 0 0 0
(Xs)3x3 (2(3;2))3x2 Yo U 0200 0
S el B ) UG EE AL R
o000 0 -3
»  Scalar fields 5= (Y0, V) = (1,2,1/2) & (3,1,-1/3)

45 = (Al, Az, A3, A4, A5, Aﬁ, AT)
= (8,2,1/2)(6,1,-1/3)6(3,3,-1/3)®(3,2,-7/6)®(3,1,-1/3)8(3,1,4/3)8(1,2,1/2)

15 = (9,4, D, %) = (1,3,1) ® (3,2,1/6) & (6,1,-2/3)




Viable unification for Renormalizable SU(5) with 5, 45 and 15 Higgs
162F T T -
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We present a viable unification in a m,, vs. Mg ; plane

Mg 7 is maximized through numerical procedure that varies scalar masses in the
following ranges:

200 GeV < MEgy MAL TNA ALy M Ay TNAZ 3 Mp 3 53 TTp 5 5 TN, , TE, < Mgut

10'2 GeV <My, , MA,, MA;, Mo, < MguT 10° GeV <my, < Mgur
A lower bound on proton decay mediating scalar masses imposed.

In both models, the relevant coupling of the octet to the Higgs field
originates from the following SU(5) contraction:

x koAb % 0
/\15a5 45574557




