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Explaining MHV

(L)
{12)(23)..(n—1,n){n1)

Sebastian Buchta Applying MHV-Methods



Why bother with MHV?

Sebastian Buchta Applying MHV-Methods



Why bother with MHV?

@ CSW Construction

Sebastian Buchta Applying MHV-Methods



Why bother with MHV?

@ CSW Construction

@ BCF Recursion Relation

Sebastian Buchta Applying MHV-Methods



CSW Construction

Q@ Use MHV amplitudes as vertices

Sebastian Buchta Applying MHV-Methods



CSW Construction

Q@ Use MHV amplitudes as vertices

@ Join the vertices together, helicities + to -, using a scalar

propagator i/P?, where P is the momentum flowing between

the vertices

Sebastian Buchta Applying MHV-Methods



CSW Construction

Q@ Use MHV amplitudes as vertices

@ Join the vertices together, helicities + to -, using a scalar
propagator i/P?, where P is the momentum flowing between

the vertices

© For each leg of a vertex that joins to a propagator carrying
momentum P, define its corresponding holomorphic spinor as

(AP)a = Paafi®, where fj is some arbitrary spinor
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CSW Construction - an example A(17273747)

1% 4-
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CSW Construction - an example A(17273747)
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BCF Recursion Relation
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Reducing power

Method Number of diagrams
Ordinary Feynman Approach 220
Colour Ordering 36
MHV-Vertices 6
BCF-Recursion 2

Table: # of diagrams that contribute to Ag(1~,27,37,4% 57, 6T).
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Limitations

Sel

stian Buchta Applying MHV-Methods



Limitations

@ Holds only on tree level
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Limitations

@ Holds only on tree level

@ No corresponding formula for loops
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Final aim

Transformation

Pure Yang-Mills
2 on MHV- 1

Boson Sector . Sector
Lagrangian

Electroweak Gauge
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How to transform on MHV?

@ Take the action of the considered theory
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How to transform on MHV?

@ Take the action of the considered theory
@ Transform to light cone coordinates
© Integrate out redundant degrees of freedom

@ Eliminate non-MHYV vertices via a canonical transformation of

fields — master equation
© Solve it via a power series expansion
@ Extract a recursion relation and solve it

@ Assemble the pieces and obtain the MHV-Lagrangian
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1
S = lga/d‘lxtr]:“l’fuy
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1 v
S= 282 / d*xtr F* F,
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1 v
S= 282 / d*xtr F* F,

and A, = —igA;T?
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Step 2: Light cone coordinates
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Step 2: Light cone coordinates

X4 :\2 (t - x3) X_ :\2 (t —I—x3)
X :\2 (Xl + ix2) X :\2 (Xl — ix2)

Lightcone gauge: pu-A=A_=0
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Step 2: Light cone coordinates

X4 = (t—x3) X_ = (t+x3)

Hg\p
N

(Xl - ix2)

X
I

S-Sl

X:—( 1+ix2)

S

Lightcone gauge: pu-A=A_=0

L=2Ly+ L3+ Ly

Sebastian Buchta Applying MHV-Methods



Step 3: Integrating Out

4 /dXO (E+—+£—+++E——++£——++)

S:?
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Step 3: Integrating Out

4
S=— / dx® (Lt + L7t Lo L)
g

£ =tr / PxA (00— 0,.0_) A
L1 =— tr/d3x (00=1A) [A, 0_A]
Lt =— tr/ d*x[A,0_A] (00-' A)

L = / 1A, 0_ A0~ A, 0_A]
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Step 4: Eliminate non MHV vertex

LA A + £ [A, A = £71(B, B]
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Step 4: Eliminate non MHV vertex

LA A + £ [A, A = £71(B, B]

using a canonical transformation
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Why canonical?
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Why canonical?

@ Technically easier to solve the master equation

Sebastian Buchta Applying MHV-Methods



Why canonical?

@ Technically easier to solve the master equation

@ Canonical transformations leave the dynamics of the physical

system untouched
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Step 5: Power series expansion

A(x) = Z/d3x1...d3x,,T(x,x1,...,x,,)B(xl)...B(x,,)
n=2
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Step 5: Power series expansion

A(x) = Z/d3x1...d3x,,T(x,x1,...,x,,)B(xl)...B(x,,)
n=2

o Calculation in momentum space
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Step 6: Recursion Relation
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Step 6: Recursion Relation

@ Solve it order by order
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Step 6: Recursion Relation

@ Solve it order by order

(V20)""  p 4ty

T(ph...,pn) = <p1p2>,,.<pn—lpn> \/[5
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Step 6: Recursion Relation

@ Solve it order by order

(V20)""  p 4ty

T(ph...,pn) = <p1p2>,,.<pn—lpn> \/[5

@ Proof by induction
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Step 7: Assemble the pieces

Missing:

@ Transformation of the negative helicity fields
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Step 7: Assemble the pieces

Missing:
@ Transformation of the negative helicity fields

@ Explicit calculation of the vertex function
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Step 7: Assemble the pieces

Missing:
@ Transformation of the negative helicity fields
@ Explicit calculation of the vertex function

@ James Ettle: MHV Lagrangians for Yang Mills and QCD

Sebastian Buchta Applying MHV-Methods



Electroweak gauge boson sector

1 1
S = /d4xtrW‘“’WW+ /d4xtrB“”BW
2g 2g

+ / d*x (D) D6 - / d'x o+ / 'y (o10)
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Electroweak gauge boson sector

S = L /d4xtrW‘“’WW+ L /d4xtrB“”BW
2g 2g

A 2

+/d4x(DM¢>)T D“gb/d“x m2¢ﬂ¢+/d4x4 (¢T¢)

with

¢(x) = ¢o + ¢(x)
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Complications due to SSB

@ Necessity to rework the integrating out procedure
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Complications due to SSB

Necessity to rework the integrating out procedure

Field ¢ has spin 0

Coupling of gauge bosons to scalars

Shift of the miminum of the Higgs potential
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Integrating Out
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Integrating Out

Let F be the space of all smooth functions that vanish at infinity.

Let G be all constant functions and F. Furthermore ¢'(x) € F and
¢(x) € G.
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Integrating Out

Let F be the space of all smooth functions that vanish at infinity.

Let G be all constant functions and F. Furthermore ¢'(x) € F and
¢(x) € G.

Possible

[ dx¢10¢h = — [ dxO ¢
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Integrating Out

Let F be the space of all smooth functions that vanish at infinity.

Let G be all constant functions and F. Furthermore ¢'(x) € F and
¢(x) € G.

Possible

[ dx¢10¢h = — [ dxO ¢

Impossible

[ dx¢10¢2 # — [ dxdp1¢2
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Spin-0-problem
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Spin-0-problem

Count ¢ as “+" and ¢' as “-".
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Gauge Boson Scalar Coupling

e Consider the coupling terms in £~ .
These have the rough structure Woop = W(po + ¢')(po + ¢').
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Gauge Boson Scalar Coupling

e Consider the coupling terms in £~ .
These have the rough structure Woop = W(po + ¢')(po + ¢').

W.B \NNN\NN\N- — — — — H
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Shift of the minimum of the Higgs potential

Consider the 4¢ terms in L=~ (gﬁgw = PO — )

% <g2 — g’2) o1 <¢T3_¢>> ot (gf)Tg_qb) and

& (qs?i qu) ot <¢5 ¢T>
T~ (0001 ) 9= (90—
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Shift of the minimum of the Higgs potential

Consider the 4¢ terms in L=~ (gﬁgw = PO — )

% <g2 — glz) ot <OT§—¢> o1 (gf)Tg_qb) and

& (qs?i qu) ot <¢5 ¢T>
T~ (0001 ) 9= (90—
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Shift of the minimum of the Higgs potential

o7 (606 + 006/ 0060 —0_0"9")
= 640 —¢'Too| +07 [ 600" — 000
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Assembling the pieces

Lem =Lyin + L+ £<1_>¢ + £<f_7¢¢_>¢ + [:“ + E(Eo(b + Ed_)(bo + £$o¢o

TLG0sds T Laoden T Lavsdon T Laosdos T Lasodon T Laodoto
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Assembling the pieces

Lem =Lyin + L+ Eq;¢ + £<f_7¢¢_>¢ + [:“ + E(Eo(b + Ed_)(bo + £$o¢o

TLG0sds T Laoden T Lavsdon T Laosdos T Lasodon T Laodoto

ZZ / ﬁj(plw--7Pn)<5T(p1)\~/(p2)... \7(pj_1)x

n=37=2(1,"n)

< V(pj)V(pj+1) - - - V(Pn-1)(pn)
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Assembling the pieces

Lem =Lyin + L+ Eq;¢ + £<f_7¢¢_>¢ + [:“ + E(Z_S(J(b + Ed_)(bo + £$o¢o

TLG0sds T Laoden T Lavsdon T Laosdos T Lasodon T Laodoto

oo n—1

ZZ / ﬁj(plw--yPn)&T(pl)\N/(pz)... \7(pj_1)x
n=3 j= 2(17“.7 )

< V(pj)V(pj+1) - - - V(Pn-1)(pn)

| A N (p1p})*(piPn)*
BJ(Pl» cee Pn) = < \/§> <p1p2><p2p3> - (pn_1pn) <Pnpl>
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Summary

Sel
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@ Scatterning amplitudes are calculated efficiently via MHV
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@ Scatterning amplitudes are calculated efficiently via MHV

@ We know a prescription to bring gauge theories into MHV

form
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@ Scatterning amplitudes are calculated efficiently via MHV

@ We know a prescription to bring gauge theories into MHV

form

o But:

We have to adress the caracteristics of the desired theory
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[ D¢DV exp [ d*x ik{tr[3¢A"1¢ + K]}
d—¢ =+ AK=¢=¢ — AK

/ DEDV exp / d*x ik{tr[%(qb’ _ AK)A (¢ — AK) + K(¢ — AK)]
— / D¢DV exp / d*x ik{tr[%(gb’A_lqﬁ’ — pATIAK — AKA7 L9+
+ AKATIAK) + K¢ — KAK]}
1 1 1
:/D¢DWexp/d4x ik{tr[EgZ)’A*ng)' - §¢/K — EAKAflqé/—F

1
+IAK K+ K¢ — KAK])
2
1 1 1 1
:/D¢DWeXp/d4x ik{tr[igzﬁlA*lgﬁ’ + §¢’K — EAKAflc// — 5KAK
1 1

:/quw exp/d4x ik{tr[%¢’A—1¢’ + %qﬁ’K — 5K — SKAK]}

= / D¢DV exp / d*x ik{tr[%gzb/A_qu’— %KAK]}

Sebastian Buchta Applying MHV-Methods



Mapping @ =(q1...qn), P=(p1-..pn) = Q= (Q1...Qn),
P=(P1...Py). p, P are the canonical momenta.

- OH . oK

: OH : P

p -1 0 D P -1 0 P
Action has to be stationary:

[%)
5/(qu,-—H)dt=o
(51

%)
5/<Q’P,-—K> dt =0
[51

The above equations may only differ by a total derivative:
dMm

-ii_H:'iP’__K s
ap Q +dt
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M generating function.
M(q,P) = f'(q)P; — Q'P;

Calculate derivative with respect to time:

dM -8f : . .

— =4 —P+f'(q)Pi— QP — QP

dt 8' (@) ¢ Q
Plug in:

iy LOf) : Py

qPi—H:—K“‘qa P+ f(a)P - Q'P;

Compare coefficients

H=K
f(q) =@’
Ofi Q)
= pi _TquJ = Tq,‘PJ
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