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HVV Tensor Structure EEZ

e Current JCP measurements exploit di-boson

decays — channels which have significant signal sensitivity vV
| . H vy
 Anomalous couplings are parameterized as:
4 - 6] N 6] )
CMS: A(Xj=o > N1 Vp) ~ o1 ( a — e'Pn Z(lA ) Zz mzeZeZ2
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3 **Will focus on the ZZ couplings in this talk



Notation 2 it

 More convenient notation defines parameters which are functions of cross sections

e anomalous couplings are redefined to a unit interval:
e.qg. fa3 = 1, fa2 = O for pure pseudoscalar
fa3 = fa2 = 0 for SM Higgs (up to EW corrections)

f3 — |a3|203 ¢$,3 = arg <a_3>
a . 3 =
31201 + |a2|202 + a3 205 + 0, / (A1)* a
|a2|202 a-
faz — N ¢a2 p— arg —
a1)%01 + |az|?02 + |az|?03 + A,/ (A1)4 aq
r./ (A1)
fAl — A1 ( ) (PAl/

a1 201 + |az|?02 + |as|?03 + Ga, / (/\1)4

where 0; is the cross section of the process corresponding to a; = 1,a;; = 0, while 0, is the ef-
fective cross section of the process corresponding to Ay > 0,44, = 0, given in units fb - GeV*.
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* Projections out to 300/fb & 3000/fb ooy fBo7Tal. L1103 (3-8 el L= 197 1
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e fits are performed with templates in which events are
described by 2D distributions of kinematic
discriminants:

yﬁ(mzl,mzz,mmw) X ﬁ@gﬁfs(mw)
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 signals model with LO MC

o
T

e scaling up all background predictions

e all systematic uncertainties are assumed to be the

2 x A(NLL)

i , L. s , E -------------- Vs=14 TeV, L= 300 fb™" (Scenario 1) E

Same:. still dominated by statistical uncertainties TR =
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* Exploring sensitivity to g2 & g4 couplings @ 300 & 3000/fo  Opservable Sensitivity
e background: assumin ->// backgrounad [ME(g;=1,g>=0,94=0)I
ot o S e 10 \iE (g, =0.92=0.94=1)7 94l/91
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o Systematics uncertainties approximated to be: 3% luminosity,
5% signal and background yields (lepton reco €), and 9.4% (7.4%) for

300/fb (3000/fb) for background yield

Final State | Signal | Background
4e 871 474
4u 1186 641
2e2u 1035 574
2u2e 867 431

expected yields (115<my<130) 6



CP violating interactions Eoel
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Higher Dim. CP even interactions i

e Similar qualitative comparison between the two methods

o 2 —r 1 T 1 T Ter
= F ATLAS Simulation Preliminary _[ L = 3000 fb"" -
st T :
= N =
= L .
0.5 = '\\ r
oF- |
0.5 . 3
- /,S{é,ndard Model 3
‘1'_‘ Z%&,"ﬁ)"’;'g“,ss%%';?g}‘v'?_g : ]
1.5 g sensitve. 3 -1.5[- 3000 fo": 68%-95% CL -
. -95% CL . 300 fb": 68%-95% CL .
_2[_. | l L . i, | IS S S E I S R SR
-1 0.5 0 R )/91 2 15 -1 -05 0 05 1 15 2
2 R(g,)/g
Luminosity | lgal/g1  R(ga)/g1 Iga)lgr  lg2llgr R(g2)/g: 3(g92) /91 ME sensitive
300 fb~! 1.03 (-1.01,1.01) (-1.02,1.02) 139 (-0.88,0.38) (-1.13,1.13) )
3000 fb~! | 049 (-0.34,0.26) (-0.34,0.48) 081 (-0.33,0.11) (-0.73,0.75) fits
Luminosity | |gal/g1  R(g4)/ 91 Iga)/g1  lg2llg1  R(g2)/9: I(g2)/91
300 1.20 (-0.88,0.91) (-1.02,1.05) 1.02 (-0.84,0.44) (-1.19,1.18) 8D fits
3000 0.60 (-0.30,0.33) (-0.39,0.42) 0.60 (-0.30,0.11) (-0.71,0.68)

ATLAS-PHYS-PUB-2013-013 8



Comparisons 25 remi

 ATLAS analysis also produced likelihood scan as a function
Of fai & (Di

e fa3 = fga — comparable results between ATLAS and CMS
(faz < 0.04 @ 95% C.L.)
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o Set of results showing potential sensitivity in many collider

scenarios

1
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Abstract

This report summarizes the work of the Energy Frontier Higgs Boson working group of the 2013 Community
Summer Study (Snowmass). We identify the key elements of a precision Higgs physics program and document
the physics potential of future experimental facilities as elucidated during the Snowmass study. We study
Higgs couplings to gauge boson and fermion pairs, double Higgs production for the Higgs self-coupling, its
quantum numbers and CP-mixing in Higgs couplings, the Higgs mass and total width, and prospects for direct
searches for additional Higgs bosons in extensions of the Standard Model. Our report includes projections of
measurement capabilities from detailed studies of the Compact Linear Collider (CLIC), a Gamma-Gamma
Collider, the International Linear Collider (ILC), the Large Hadron Collider High-Luminosity Upgrade (HL-
LHC), Very Large Hadron Colliders up to 100 TeV (VLHC), a Muon Collider, and a Triple-Large Electron
Positron Collider (TLEP).
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* One of the most complete set of recent studies on constraining

CP-mixtures
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Other Production Mechanisms Eial:

19.7fb" (8 TeV) + 5.1 fb' (7 TeV)

* As sensitivity to other production mechanisms casies | CMS m = 125 GeV
. . L . u=1.00+0.13 reliminary

become significant, new opportunities arise o
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VWWeak Boson Fusion 45 rermia

 Well known that A¢p and An reflect the tensor structure q
of the HVV couplings H’

e Strong discrimination power in my-

e result of enhanced cross section at large

values of my~ for a pseudoscalar - susceptible to
presence of g“-dependent couplings

* Angular distributions which are critical for
distinguishing phases
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Assoclated Prod. 2 rermila

e Qualitatively similar to VBF production

W/Z
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Future Outlook for LHC EiE

* Projections out to 300/fb & 3000/fb show strong sensitivity to
CP-violating HVV interactions

* ASSOCi_ated production: Summary of projections for discovery
assuming only Z—Z(ll)H(bb) potential @ LHC & e+e collider
1 | l .................. l ................. | l ................. I .................. l .............. —

I Illlll’

 VBF production: 1
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Fermion Coupling

# Fermilab

Collider pp pp ete” ete” ete” ete™ 4y utp~ | target
E (GeV) | 14,000 14,000 250 350 500 1,000 126 126 | (theory)
L (fb~1) 300 3,000 250 350 500 1,000 250
spin-2- | ~100c  >100  >100 >100 >100  >100 >50
VVHT 0.07 0.02 v4 V4 V4 V4 V4 v4 <107°
VVH* | 4.100* 12.100* 7-100* 1.1.107* 4-107° 8.107¢ - — <107°
VVH® | 7-100* 13-107* V4 v4 v4 v4 — — <107°
ggH 0.50 0.16 - - - - - - <1072
yyH - - - - - - 0.06 - <1072
ZvH - v — — — - — — <1072
v 0.01 0.01
v

T estimated in H — ZZ* decay mode

I estimated in V* — HV production mode

© estimated in V*V* — H (VBF) production mode

arxiv:1310.8361v2




# Fermilab

Conclusions

* (Great prospects for constraining Higgs tensor structure in future
LHC runs!

* traditional channels are great avenues to continue carving out
parameter space of anomalous couplings

 Both CMS & ATLAS are building up campaigns to
measure/constrain couplings of the HZZ vertex:

fe fe
300/fb 3/ab 300/b 3/ab
ATLAS 1.20 (0.20) | 0.60 (0.06) | 1.02(0.29) | 0.60 (0.12)
CMS (0.14) (0.04) _ _

* New prospects lie on the horion: V*=VH & VBF—H
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Figure 5: Results of the ME-observable fit for Standard Model signal at 300 fb~! and 3000 fb~!. Top
row: Results of the g,-sensitive fits projected onto the (lg2|/g1,¢y,) plane. Bottom row: Results of
the g4-sensitive fits projected onto the (|gal/g1,¢y,) plane. The shaded area corresponds to the most
restrictive exclusion of the three observables.



