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Effective Operatorsand New Physics

-

9

o

-

Expect new physics (NP) above some energy scale A.

At low energy, will manifest itself as effective operators
(n) (n
L. —Z A” T C’) ) + h.c.

which we take to be constructed from SM fields plus
right-handed Dirac v.

Higher-dimension operators suppressed by increasing factors
of A — Just take n = 6.

Place limits on (136 — limits on contributions of (’)](.6) to
observable processes.
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General Strategy
-

Want to constrain NP contribution to Higgs production
cross-section at linear ete~ collider.

Operators containing only Higgs, gauge boson fields done

elsewhere (Barger et al, Manohar & Wise).

— Consider all 6D op’s containing fermion, Higgs fields.
Include right-handed neutrino, vg.

Ignoring (small) changes in couplings in SM Higgs production
diagrams caused by operator insertion.
— Looking at insertion of op’s into new production diagrams.

Will differentiate final states produced only by Higgsstrahlung
process from those produced by WW-, ZZ-fusion in SM.

Leaving out Htt final state; ignoring Higgs decay. J
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Operator Basis

f Class 1 Op’s: Class 2 Op’s: T
Operators w/o vg: Op’s with vp:
OvrAaB = Z(fR’VMfR>(¢+DM¢> Ovyap = i(ﬂéWMVg)(¢+Du¢)
Oviap = i(F4"FP)(¢* Do) Op ap = ilpy"vE)(¢" Do)
Ovirap = Z( ”TQFB)(¢+ aDu¢) Ow, ap = 92(EAUWTCL5)V1§W5V
OIJ;/,AB = ga(Fo™ %)fg Op. Ap = gl(ZAU/Wg)V}%BMV
Opap = gl<FAoW¢>f£BM,,
F: left-handed fermion doublet b = iT2¢*
fr: right-handed fermion all terms + h.c.
Will contribute to Will on fy contribute to
~ all SM final states. nal state. |
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Diagrams With Class 1 Operators

Only for A = B = e. T

| H
L :
1) >:V\M< Can have on-shell Z.
e f f — Q7€7V
|
2) >W¢< Gauge Boson very off-shell
e 4 (\/g > > MZ)

Diagram suppressed.

4 E,V

Only for A, B=c¢,/0Or/,e.
; Flavor-changing diagrams
will not interfere w/SM.

3)

LMost iImportant Class A Op’swillhave A =B =¢! J
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OVR,@@

fOVR,AB = i(fav'f8)(¢T Do) +hc. — f4 fEZH vertex. T
qq, wu, 77, v channels: only Diag (1) contributes.
Diagram 1 SM HZ
Compare to SM |y \ P f
HZ diagram: W< ! /WM<
é f i

Interference with HZ is related to SM HZ by

o1-nzint _ _ CvRect? (s — M7) sin” Oy
OHZ A? M% 2(S.ilr14 Ow — %Sil’l2 Ow + %)
CVR eer2
~ —54(—220) : for /s = 500 GeV (1TeV)

A2
o Can be large for /s >> My! o
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OVR,@@

f V.U, IN final state: interference w/SM WWf suppressed by m.. T
ete in final state: must include diagrams (2) and (3),
as well as SM ZZf and interference.

s O¢
2]

g o1 ;—-'.-'_-'_-'_"."."."."."_»'_-'.".“.--_-._.._.._,,_‘u“-_"ﬂ“ 500 GeV
g r

2 r St -.,-..-..-,,:;::. _____
T k CVR,GGU 02 e
a e A2 u [ L .
0.3 [ —  H+jets, HU'W, HT'T
1 ~ 10—2 EEEENEEEED H+missing energy

™~ 1672 04 He'e:
-0.5 ;*

06 = ‘ | ‘ | ‘ | ‘ | ‘ | ‘
100 150 200 250 300 350 400

Higgs Mass/GeV

S 02
£0.15 |-
S 01f 1TeV

For /s =1 TeV, o

005 [T e
+ 01 T e T

— _|_ S -
qq’ ILL ILL » T T 015 - - H+missing energy

line at —2.2. Pyt He'e

_03 L L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L
100 150 200 250 300 350 400 450 500 550 600

Higgs Mass/GeV
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Other Class 1 Operators
B -

o OVL,ee’ OVLT,@@ very similar to OVR,ee-

# Same operatorsswith A = B = u, 7, Or ¢.
Kinematically suppressed, change in cross-section
~ 0.1%.

® Owyag, OpraB:
Tightly constrained by charged fermion EDM, magnetic
moments for most A, B.
A=B=1, A= ¢4 B =" cases not as well
constrained, small for C; 4pv?/A* = 1072,

o |
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Diagrams With Class 2 Operators

- N

All Class 2 Operators contribute only to v final state.
No interference w/SM processes.

v Ovyj AB) OW, AB) OB,AB contribute.

¢ |
>Wwi< A, B = anything,.
) Diagram suppressed by off-shell

gauge boson.

/ Only op’s with charged-current
; components contribute:

0‘7, e’ OW? eB-

Expect largest effects from Oy, 5, Ow, .p for same Cj.
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Class 2 Operators

s E
o s
C 712 -2 S10 b — o% 500 GeV
For =i— = 1077, T —
10 e T OWEB .............................
0L O T
P
10 T
e
10 £ - 0, A8
8
10 | | | | |
100 150 200 250 300 350 400
2 Higgs Mass/GeV
Taklng A2 = 10 § . — o 1Tev
B0 pre e
E = O.eB T
conservative: Michel © -« "
spectrum ImpIIeS 10 5, """" G
C 10
limit on =5~ ~ 0.2. i S
A lo | VR
10'8:\‘\‘\‘\‘\‘\‘\‘\‘\‘
100 150 200 250 300 350 400 450 500 550 600

Higgs Mass/GeV
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Limitson Class 1 Operators

f Most important operators: Oy g ce, Ovi.eer OvViree-
All affect coupling of Z to eTe~, Z-pole observables.

In addition, Oy 1. .. Will affect Wer vertex, G:

Gy 9o’ how | O0?
ﬁ — SM%V (1 —+ AT/L) and ATM — A2

— will affect many SM observables.

Using GAPP to fit C;'s to precision electroweak data.
For op’s of other flavors, get basic limits from Z partial

widths using ZFITTER.

o

-

|
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-

Limitson Class1 Opsat 95% CL

Op Min(Se)  Max(Se) o
ce, —0.0012  0.00044
T —0.00015  0.0012 GAPP fit results
ce | —0.00036 0.0011

Ovryy | —0.0027  0.0020

Ovrrr | —0.0050 0.0007 Results from

Ovruu | —0.0017  0.0023 [(Z — (A£(5F)

Ovi.- | —0.0006  0.0043

Oviruu | —0.0039  0.0054

Ovirsr | —0.0006  0.0043

Oj.en —0.0071  0.0071

Ojer —-0.017  0.017

|
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Contributionsto Higgs Production
B -

Corresponding changes in Hqq, Hpu =, Htm 7~
X-sections from interference with SM:

99 at 95% CL:
OSM

Vs = 500 GeV Vs =1TeV
Ovp : —2%,+6% OVp : —10%, +26%
ov; - —1%,+7% oy —4%,+31%
OV, + —2%,+7% Ovr,. : —9%,+28%

with smaller numbers for HeTe~, Hviv channels.
Non-interference terms can add 3% to Hqq, Hp i~
X-sections for /s =1 TeV, < 1% for /s = 500 GeV and
for Hete~, Hvi channels.
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Limitson Class 2 Operators

f(’)vy, Ag limit from invisible Z width (1.60 below expectation): T

OAB 2 2
S =l < 0068 at 95% CL
A,B

Vv
A2

Ow 4B, Op._ap bounded by » mag. mom. (u, < 10710 up):

AB
CB Wv

5| S 107

Oy 45 take naturalness bounds from contribution to m,:

C‘%B?ﬂ v _a
12 an = (0.5—3)x1077° for 114 GeV < My < 186 GeV.

LContributions of Class 2 Op’s to Higgs production negligible!J
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Summary
-

Three operators, Oy g.ce; Oviee, and Oy, e, COuld have
potentially observable effects on Hqq, Hptp~—, Hrtr~
channels, with smaller effects in other channels.

Same op’s with A = B = u, 7, ¢ contribute negligibly.

For reasonable value of C'v?/A?, charged-fermion
magnetic moment operators would have small
contribution.

Operators containing vy's constrained by I' .., v
magnetic moments, and v mass to have negligible
contribution.

arxiv:0705.0554, JK and Michael J. Ramsey-Musolf. J
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Owre.ap and Opy ap

-

Owe.an, Opr.ap — charged fermion EDM, mag. mom. T

® A= B =-coru: constrained by ¢ — 2, EDMSs.

® A B=eur1, A# B:limits fromr — pu/ey, u — ey.
— Only consider A =B =71, A= ¢4, B=¢"

# Interference with SM HZ Yukawa-suppressed.

® C;.v*/A? =102 —, non-interference terms give
<0.1% (2%) to Hr" 7~ at /s = 500 GeV (1 TeV).

# Quark operator contribution differs by factor N.
Interference with SM can be comparable.

°

o Actual limits > 107?; take as expected upper limit.

o |
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-

OVL,@@

Ovpee = i(LALE)(¢pT D, p) + he — epep ZH, vev.Z H vertices.
Interference w/ WWf not mass-suppressed.
Otherwise similar to Oy g ce.

O1-HZint _ Cypecv? (s — M3) (3 — sin® Owy)
OHZ A2 M% 2(Sin4 Oy — %Sin2 O + %)
CVL eev2
~  62(255) : for/s = 500 GeV (1TeV)

A2

|

Effective Operator Analysis of Higgs Production at@n e — Linear Collider — p. 17/23



OVL,@@

. 2 08 :
Taking ij“\”g“v — 1072, £ 500 GeV

05  —— Heets, Hu'W, HTU'T
045 - H+missing energy .
03 e He'e e

100 150 200 250 300 350 400
Higgs Mass/GeV

03[ 1Tev
£ e H+missing energy
02 He'e’

7 O I S S
100 150 200 250 300 350 400 450 500 550 600

Higgs Mass/GeV

Will not consider Oy, 4, and Oy 4, Cases.

o |

Effective Operator Analysis of Higgs Production at@n e — Linear Collider — p. 18/23



OVLT,@G
® Hqq, Hutp—and Hrtr—: same as Oy ee.
# Contains charged current: ev\WV ~ vertex.
# Must include diagram (3) in missing energy channel:

I H
/

/
L
;ZW

)]
o
|

o |
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-

CVLT,eeU

For e

Wil
Ov Lree
cases.

not

S - 1072

consider
and OVLT,qq

OVLT,@G

s 0.8

9 07
o)

500 GeV

g 0.6
0.5
0.4
0.3
0.2
01 £

0 Lo eaenmaeemmT
-0.1
-0.2 \ ‘

He'e

—  H+jets, HU'W, HT'T
H+missing energy

100

350 400
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He'e

0.1

0

-0.1

1TeV

0.2 -
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Mixing With 6D M ass Oper ator

fFor mixing into (’)5\3) 1p» Must do complete RG analysis. T
Must take into account mixing between all 6D op’s:

6 6 6 6 6 6 6
O](B,)AD7 OI(/V,)ADv 01(\4) AD> ng,) AD’ O,(F,)AAADv O,(F,)ABBDv O%,)BABD

e.g.,

\ / /
b\ B,W \ ¢ o, ¢,
\ \ / /
A \ 71 /
L1 F_Ll !
VR L VR L
%%
Opw — Orp Oy — O Or — Opw

and many more....
Calculations done using Dim Reg in background field gauge.

Renormalize using minimal subtraction.
Then solve for coefficients Cjﬁ(v) using the RGE.

o |
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FCNCsin Class 1 Operators

f Get limits on Oy g er, Ovrer, aNd Oyrrep fOr £ # € T
using limits on I'(Z — e*uT, e rT) :

95% CL ranges (same for all 3 operators):

2
Cj,eTv

Cio: 100071, g £0.017
For He*71* case, these limits give (events/ab~—! data):

My /GeV 100 300 500
Oy Rt 81. 40. 12
Oviets Oviree | 78. 38, 12

Numbers smaller for e*u*, /s = 500 GeV cases.
Observable?

o |
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OvR
- o

|
Only Diag. (2) is relevant: W
A
e 4

Strongly kinematically suppressed due to off-shell Z.

s02¢
b(/)

20.15
< 01

Taking <& ’“‘“ — 1072,

-0.05
-0.1

-0.15
0.2 | | | | | | | | | | |

100 150 200 250 300 350 400

x 10 Higgs Mass/GeV

500 GeV

NO

s 0.2 ¢
b(/)
5015

Results for Oy r .- Identical.  <¢

0.05

1TeV

Results for Oy g 4, SiMilar.

— Hu'W, HTT

\

0.2 ! ! ! ! ! ! ! ! !
100 150 200 250 300 350 400 450 500 550 600
Higgs Mass/GeV

o |

Effective Operator Analysis of Higgs Production at@n e — Linear Collider — p. 23/23




	Effective Operators and New Physics
	General Strategy
	Operator Basis
	Diagrams With Class 1 Operators
	${cal O}_{VR,ee}$
	${cal O}_{VR,ee}$
	Other Class 1 Operators
	Diagrams With Class 2 Operators
	Class 2 Operators
	Limits on Class 1 Operators
	Limits on Class 1 Ops at $95%$ CL
	Contributions to Higgs Production
	Limits on Class 2 Operators
	Summary
	${cal O}_{Well ,AB}$ and ${cal O}_{Bell ,AB}$
	${cal O}_{VL,ee}$
	${cal O}_{VL,ee}$
	${cal O}_{VL	au ,ee}$
	${cal O}_{VL	au ,ee}$
	Mixing With 6D Mass Operator
	FCNCs in Class 1 Operators
	${cal O}_{VR,mu mu }$

