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Observable & Parametrization
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® Parametrization:
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New-Physics Resonance

N 4

® Model independent new physics:

New Resonance mass: M = Agp .
gesonances  Couplings (or width): grn (Tar) .
7|
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Singlet Higas Triplet Quintet
Singlet Triplet Boson

® Low-energy effects (integrate out resonances):

Lo== DM+ A)D +20]] L = JJ +

2]\42 2M4

JAT + O(M™®).

l\DIN

Appelquist, Carrazzone
Usually, the effects from heavy resonance are either suppressed by inverse powers of

M, or renormalize parameters of the low-energy theory. (Decoupling Theorem)

SpeC|aI case: Non- decoupllng effects' (example oblique(chiral fermion), zbb, K/B- mlxmg ) ]
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WW Scattering (Non-decoupling Channel)

N 4

Wg (p+) + W, (p-) = WE_ (g+) + W, (g—) Scattering in COM frame The differential cross section (neglecting particle masses)
do 1

_ 2
7 " aQ 647r25|T| '
z v Performing a partial wave expansion
) (b) (c) (d)

T(s,t) =167 > (2J + 1)a;(s)Ps(cosb),
J

(a c
N, S Y The total cross section is
H |
} _______ { :H o= 167TZ(2J+1)|CLJ(S)|2.
AN J
(e) (f) (e) Using the optical theorem
P E
= — S 1
er(p+) <MW 0,0, iMW) ) o = ~ImT(s,t = 0),
S
P E E
er(gqe) = (M—W, 0, j:MW sin 0, j:MW COS 9) . the unitarity bound is
4 2 2 —TIm(ay(s)), or ,|Reas(s) <1/2.
e—a o [ D ) p?2 [9 11 ) las(s)| 7(8)), , 7(s)] <
T = gW{M—{}V[B_GCOSH_COS 0] —I—M—%/[g—?cose—%os 9]},
4 2 an a Bound v
T¢ = g% {]\5—4 [—3 + 6cosf + cos®0] + ]\5—2 [—4+ 6 cosf + 2cos°0] } , e
w W 5’//
2 2 :
f=9 — 42 | 11 0 _ My 5 t Physical Ampfitude 5
T gW{ 0 +M§V{ > 2C°S] vyl e el N
‘Nondecoupling: | In the My — oo limit, T = —gf gith | i + =k | = 2+0(1/M3); BZ

- The Partial wave amplitude, without Higgs or other new physics, violate unitarity @ TeV scal\‘gi



Goldstone Boson Scattering

N

® To simplify our calculation, use the equivalent theorem:

Wi X
7 Lee, Quigg and Thacker
2 3 = e ———
- . <1+0 (g)) TV W, SW, W, ) ~T(rr s )
Chanowitz, Gaillard Yao,Yuan Bagger Schmidt He, Kuang Li

® Goldstone boson scattering process:
- )2
Lcoldstone = %@H@“H + %8M7T00M7T0 + 8M7r+6“7r_ — %H2
S O m? . m? 2
N I T G >—#<H2+< V)
’>\\ /:,—<‘\\
\\\\\\ In tﬁé o — Eoglfmlg still 7’(%77 — ) — %
[ — T P
:
2 2 2 O a
T(rtn™ = ata") = —m—f (Q—I— mH2 + m—HQ) fwf o H -
. Similar to Pi-Pi Scattering in low-energy QCD l
| (Understand chiral symmetry breaking) | i
Study WWV scattering in EWV chiral Lag.

(Understand EW symmetry breaking)
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EVV Effective Theories
' oA




EW Chiral Lagrangian

® The SM Higgsless Lagrangian below the EWV scale

ESM — »Ckzn(A? Wa Z) + £kzn<fa D,uf) + »Cmass(f) + ['mass(GB)
—— i —

| Vi)blate EW gauge 55’mmetry! }

|
| -~ S

Full EW gauge symmetry!

=l How to build an EW effective theory below EW scale with EVV gauge symmetry?

® Introduce extra field to parametrize ignorance on EVVSB

S(z) =e ™ ATV S g ()5 (x)gr(z)f,  with SU2), ® U(1)y trans. |

: a v
V,=%(D,2)" — gr(x)Vugr(x)', D, =0,%+igW,T*% — 59’27313“,

| T = N3t — g1 (2)Tgr(x)', violate SU(2)¢ symmetry.

2
Lonass(GB) = —%Tr[VMV“]. -

»Cmass(f) — _QLZMQQR — LLZMLLR + h.c. S
gauge symmetry now!

Invariant under EVW J

T
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Anomalous COUPIingS (Bosonic Sector)

< Ve
| Appelquist, Bernard _ LY
Ly = lo%v—[Tr(TV 2, SU(2)c-violation, T-parameter (Ap) PPEIQUISE BEFATE g, = l0A2’
4 Longhitano 2
L, = I 1}2 99. B, Tr(TWH"), S-parameter, TGC o = ligs
A 2 , A = Min(Mgp,4nf).
Ly = zzzz 5 BWTr(T[V“,V”]), TGC , .
2 S = —167Td 5135(q 2)|q2:0 = —167aq,
L; = 13Fz‘gTr(WW[V“,V”]), TGC | P
, , ; pbllque ol = m(ﬂn(o) — TI33(0)) = 2¢°f1,
L, = Lo 3 [Tr(VV)] QGC dZ
2 U = 167TW[H11( ) — H33(q2)]|q2:0 = —167‘(’&8.
L = b MVYE,  QGe = =
02 Ak~ = g°0 + g*as + g ao,
Lg = l6 s Te(V, V) Te(TVE)Te(TVY), SU(2)c-violation, QGC =9 ,j 7 2 7 z |
A2 Akz = —g az + g asz + g ag,
v . . :
Lr = lr5Te(V, V“)Tr(TV,,)Tr(TV”),V SU (2)c-violation, QGC Agé = %92043,
‘ » _ 02 gz . ' . Ag _ L92a11
Ls = lg— A2 1 = [Tr(TW,)]?, SU(2)c-violation, U-parameter, TGC 5 T ¢2 ’
o = BT [gTr(TW OTH(TVE, VY], SU(2)e-violation, TGC Agy = Ag5 =0,
— N9 o ) ) -V )
i 9A22 ¢ Aly = ANz =0.
T _ , , ‘
L = 1 TTVTTV,,Q, SU(2)-violation, QGC
o = hogg 5 IVITEIV)P,  SUER)c-violation, Q AAAY (W|th custodial sym):
o2
= 115 g€ " Te(TV,)Te(V, P-vilation, T g* v
L1q l11 A2ge r(TV,)Tr(V, W,y), vilation, TGC I [5 [(W;W‘“) N (W;WJ’“)(W;W_ >]
02
Ly = l12—2gTr(TV YTr(VVWHY), CP-vioaltion, TGC g* y g*
A 5 W2 (W, 27) + 1 Zm?
Li3 = llng gj e HvPA B, Tr(TW,), CP-vioaltion, TGC v \ y ;
Lo = as g OW 2+ SOvw 2,20 + L(2,2
L1 = 114/?(2“‘; e PON Tr(TW,,)Tr(TW,y),  CP-vioaltion, TGC " T deyy %




WWV Scattering in Chiral Lag.

N

® WW scattering at LO

Custodial Symmetry Relations:

AW W, - W, W, ) = —s/v AW W, =W, W) = A(t, s,u) + A(u, t, s)
AWSW, = WIW,) = —u/o® Low-energy AWFW, — WIW,) = A(s,t,u) + A(t, s, u)
AWFW; — Z,7,) = / - Theorem AWFW, — ZpZ1) = A(s, t,u)
A(ZLZL — Z1Z1) = - AW, Z, - W, Z1) = A(t, s, u)
. A(ZLZy — ZpZ1) = A(s, t,u) + A(t, s,u) + A(u, t, s)
® WW scatterlng at NLO
A© 3A(s, t,u) + A(t,s,u) + A(u, t, s)
2
ReA(S t U/) 8 —|— 4 {— [t].n_ — 'U,ln —] — S—IH%} A(l) — A<t7 S)u) - A(u)t7 S)
v2 16720 2w -
A% £ u?) 882 AY = A(t, s, u) + Au,t, s)
044—1)4 51

® Unitarity Constraints

(Unitarization Models: K-matrix / Pade / |AM l

S wave: ag = 64% _+g + 1—36 (Tay + 1las) Z—i] - )
P wave: o = 6117 :+ 32;2 i g (@4 = 2a5) Z—z
D wave: a) = 6i7r 0+ % (20xq + i) Zi

ay = 6; _0 - 18—5 (s + 2ai5) ZZ jag] S 1/2

K matrix construction for projecting a real scattering amplitude



New Vector Resonance?
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® Adding Vector Triplet to delay unitarity violation:

1 y » U . v . v :
£, =1t {p, (Myg" + D" — D'D" + 2p,gW" + 29 B") p, + 2p, " }

,02

Pr = 4h,(g, + hp)Q—]WpQ

4
a;, =0 (”—) or 0
i M
ju=ig,0*V, + ig;v2T tr {TV,}

: S—1Uu s—1 S
.................................................................................................................................. st =0 (75 + 5 + 95)
CCWZ Reparametrization of Vector Triplet: Still need UV cancellation
ggT _ 52 — Y = 67:7Ta7'a/’1}
V, = % (€D, + D) and A, = % (€7D,¢ — €D,ET) .
V = UVUL — (D UUL  and A — Ug AU},

Gauge Field Matter Field

p— Uchg — Z%WPU(DMUC)U;/, p,u — ngug ‘
2 2 . M ? 2 2 . M2 2 2 |
Ling = —g,v" tr (V + Z2g Up) = —g,v tr [VV] —ig,oM tr [Vp| + e tr [pp] Lyin = —2v" tr [A,A"] and Lint = —g,0° tr [pM.A“.

P
Higgsless, BESS, Three Site... Technicolor, HLS...
1
S — e T — | £ = L o (O 4 ) — 0 w4 20,
Adding aVector Singlet: ’ :

- hev
Ju =15 tr {TV,} -

e e e AIboteanu,K|||an, Reuter
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New Scalar Resonance?

N\

- Scalar Singlet

9ol

j= —tr (V,V#} — - (tr {TV,})’

hsv

/,
g — 0

v
Q7 = 2gah0 <8M2

2

_ 2
10 — 2ha <8M3

g=1, strong cancellation for s term

The effective theory with LRM (Higgs mechanism offers g=1)
Higgs mechanism is called M
. . . 0.4 Bl L O OB OR
Linearized EVV Lagrangiartiggs Mechanism s 2
0.2
THDM
[ Origin of Scalar Singlet } Little Higgs g

| Scalar Triplet

—i tr {m(M2 + D*)m + 2mj}

e B
j= T2V, {TVH) 4 22

Extra dimension

Strong Dynamics

Technicolor 0.4

5=0.% 05 0.

\

200 400 600 1000 2000 3000

5000

Ttr {V,V*} + %T (tr {TV,})’

A¢(8a ta ’LL) - =




Linearized EVV Lagrangian

® Effective theory with Higgs mechanism above EWV scale:

Its gauge group contains SU(3) x SU(2) x U(l) symmetry;
All the SM particles are incorporated as fund. or composite fields;
At low energy, it reduces to SM via decoupling heavy particles;

More global and local symmetries can be imposed.

® The linearized EVV effective Lagrangian

5)A6) , 1 (6) (6) 1
Lo =L+ g 2P0+ 5 S0l 0 )

>

Renormallzable SM Lag. | Wlulson Coefﬁaents] v[l'tm?nsion-6 operators
LEP prefers light Higgs "HVV Anomalous Coupling ~ Weak or Strong
to distinguish different | - TeV dynamics

e

Higgs scenarios



Dimension-6 Operators

/
oo __Operator _______ Notation _______ Operator _____ Notation __ Buchmuller,Wyler
S (¢T¢) or (ch) Oay (¢T¢) Og6 )
Vv achﬁyWVb)\W;M OW3 eachZuGgAGi,U« OG3
61 (D*¢)" D,y o'V (6'Dyg) (D*)' ¢) 0y
. Oq W“ B#v O
Oblique ¢¢T¢¢Wa we, OZSV %¢T¢ Bl B Opp
5079 GA GA Oca
i Gy R R o T L (o Ty B o
o (¢1iD,.¢) (€r1"en) %
v (¢"iD,¢) (qz7"qrL) Ofpl) (¢'04iD,¢) (@rV"oaqr) qu)
(61iDy0) (amrun) O (61iD,0) (drridr) O
(¢ i02iD,,¢) (Ury"dR) Opud
3 (levule) (Iey*in) Ol(ll) 3 (levuoalr) (I oals) 0(3)
LLLL 5 (@@vuar) (@"qr) O 5 (@Y0aqr) (@ 0aqr) 0(1 Y
(levulr) (@ ar) 0y (lLvuoalr) (@y*ouqr) Ol(f;’)
5 (@yuraar) (@y"Aaqr) 052,1) %(qLWUa)\AqL) (qey"oaraqr) 0&3’3)
(GR’)’M r) (ErY"eR) Oee
5 Wrvur) (TrRY uR) % (dR%LdR) (dry*dg) OC%)
RRRR (€rVuer) (R uR) Oeu (GR’meR) (dry*dR) Oed
(@ryuur) (drY"dR) o))
L (@rAaur) (@ry* Aaur) O L (dryuradr) (dpy*Aadr) O
(@A aur) (dry*Aadr) O
(lLer) (erlL) Ole (qzer) (€rqr) Oge
(lur) (urlL) O (ILdr) (drlL) Oua
LRRL (qzur) (TRqL) Ol (qzdr) (drar) o'}
(Ier) (drqr) Ogde
(@zAaur) (WrAAqrL) o) (@chadr) (drAaqr) ng)

R—T; E AN DY (ﬁ’if)’qﬂg A\ (EH%C\ (I)IN,JA. €E A DY (HTB’IO' n¢ C\ (P —>11C. A\ (/) aaaaa



Dim-6 OPeratO IS (Bosonic Sector)

= 2—}\2{ fow WL, 0*°WH + fpp g’QBuyﬁzB“V + 4

2
v
2
w + fo1—5my 242,

fBW mZSCW3

Barbieri, Pomarol,Rattazzi, Strurmi:

operators

| 9_25 = Iy, 5(0) Owp = (H'T"H)WS, B /g9
Oy = |H'D,H|? — —

2971 MyAX = Ty, 5(0) - + —
29,_2MI;/2Y = 35(0) Opp = (8pB/w)2/29/2 + +
207 My W = T}, 1, (0) Oww = (D,W5,)%/2¢> + +
20.° My’ Z = e 0) Oca = (D,G},)? /263 + +

‘Ceff = gH’Y’YHAMVA Mt gg)z A/WZM6V
4952y HAuwWZ" + g\, 5 2,0 740" H |

+9%00 2 H 2, 2" + gy (W W 1OV H + h

cWWV: —igwwy [gV (W+W W W*“)V” 1

los- (o) (00)

+gppw HWE W,

2(Fom + furw)

Gonzalez- GarC|a _ (gmw> s
9H~y~

—ig " (W0, W, = W, 0,W,) ] | A2 > |
o S s = | O (gmw) s(fw — fB)
w HZ 2 y
CAgt =gt -1= sFEfw, 1 "’ A 2¢ |
il 2 A2 :‘ @ _ (gmw )\ s[s*fee — S fww]
I 1 m3, Imzy = \ "7z c |
Aﬁ'xfy :/’fly_].: 1+§ A2 (fW+fB) ) ‘ g(l) (ng)C2fW+32fB
| Lmg ( 4 25\ RS 2t |
Akz =kz—1= 1+2A2 < fW_CfB) | @) gmw \ s*fee + ct fww
l Iuzz = A2 902 '
3g° m i ¢
3 Ay =Az = e Y fwww - I (1) (gmw> fw
Iliggs Self- | | 9 2
lcoupllng L;Z = )\ AHZ = —Alf,y tan? Ow + Agl _'J
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Connections between linear and chiral Lag.

N\

~ Lineg#ized Lag.

80, | Opy = [(D,@)ch] [cbf (D/@)]

i 0pw | Opw = 1B, W,

5020, 0y = (D,2) B (D,2) .

swoy | Ow = (D) W (D,0)

wol | O = [(D,®)(D,®) + (D,®)!(D,®)]",
o | 0F = [(D,@)(DH)]”
_so(0| OF = [(D,®)!(D,®)] [0f(D*0)] [27(D"®)]
_stmoo | O = [(D,®) (D D) [@T(D,,@)} [@T(D@)] :

amoP | OF = f‘DTWW‘b} ’
saow | OF = [0MW,, 0] [(Dre) (D )] |
s | O = ([0(D,0)] ['(D,9)])
spo | O =ie [01(D, )] [@1W,,(D,®)] + hc.

T —

———

EW Linearized Lag.

EMM Chiral Lag.

2(D,®) P = 9,h*+ K2Tr(TV,) = B [Tr (TVu)]2
207 W ® = W*Tr(TW,) Hagiwara
2(D,®)"(D,®) = K [Tr(TV,V,) —Tr(V,V,)] + 2(0,h)(0,h)
2(D, @)W (D,®) = K*Tr(W*V,V,) — (8,h*)Tr(WHV,)

L1 = 99l B,, Ty (TWH)

Ly = ia;g/ By Tr (T[V”, Vl/])

20t WY (DFD) = RATr(TVFWYP) + Tr(VFIWYP)]

— 1700 V4%
ADHDY WD = RATH(TVAW*) — Tr(VFW™)] £y = iagg Tr (Wyu V¥, V"))

L0 = o [ﬁ (VHV,,)]2

2
(L5 = as [T (V, V)]

Lo = agTr (V,V, ) Tr (TVA) Tk (TV)

‘v,’ = a7 Tr (VuV”)TT <TV1/) Tr (TVV)

= s’ [Ty (TW,,)| ?

= toaayy (7w, ) Tr (v, V)

Ly =20 [Tr (TV,)Tr (TVV)} ’

Lo = g (ri) e o) |

TeV Chiral Lag.




‘Non-Standard Higgs Lag. Chivukula, Koulovassilopoulos

TeV Chiral Lagrangian

N\ 7

Higg

1 s f 2pp (P °
L=3 upap-F 1A | Tr(@.2100%) - AFB f2 e

TeV Unknown Dynamics??

(TeV Chiral Lag.) .’.

3
p={p)+ H, c—i(v2+2gvﬂ+g'H2 5" ) Tr (9,5T01%) + EH-

—.—C—Q—Q—H—.—.—.—....O............

5gs bidoublet  ° . :
. U = ¢! I1 = 1474, .
; . = . CUM9U = iDATA 4 €T = iD 4 iE.
- Strongly-interacting light Higgs - U OuU =D T +i8,T" = iDy + &, X
u _ I
e 6 ¢ ¢ ¢ 6 6 o ¢ o o o o o o ©© © o o o o o © ©o ©°o °o o °o °©o °o °o o o o : gu/:AM+€M(H,DV):AM_§HDMH+O(H4) :
— ° ° — 1 — °
+ Lun = 570" (#11) 0, (') + % (11Dt ) (81 ,t1) . ! D= DD, = D1~ 01D, 0] 4 0ur);
_ ¢ Cop0 2 Y 1. :
Cﬁj (HTH) + (—ijgf H*HfLHfR+h.c.) o » L0 =T (DuDR) + X
icwg A=t . icg =7 ° : 2 7 1 wa S .
- (HTJ’LD“H> (DWW, ) + =22 (HTDMH) (0" B,) . o = [T | 010" + (11O, I)(TILOFIT) + - - - | @
2mp 2mp ° 3 3 °
ZCHWg MTZV . ZCHBg/ MTV ° ® 6 6 6 6 6 6 6 6 ¢ o ©© o © o ©© o o o ©°o ©°o o o
+167T2f2 (D" H)lo" (D" H)W,, + 1577 (D" H)' (D" H) By :
79 g 1 Y ggS yt t a apy ¢
Y H'HB,,B ‘U H .
+167T2f2 92 + 1672 f2 g2 GG .
IS [ ]
}gtHTHqLHtR + h.c. + f—HTD Htpy"tr + f—(tR’y“tR)(tR’y'utR) . f;Tr(D"D ) o fiha ht ,he OFhd T,
© e 0060606060060 0060606000000 000000000000e0e0 " Tebed = <6—fzf(mfbd2+241f2facefbde>.

Giudice, Grojean, Pomarol Rattazzi — —
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WWY Scattering @ LHC
N ol
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Review

/

® The anomalous 4-point couplings in chiral Lag.,and the HVV
dim-6 operators in Linearized Lag. are relevant to WW

scattering.

® WWV scattering offers a way to probe strong TeV dynamics,
or probe HVV couplings.

® WW scattering papers in our HEP theory group.

FIND a w. repko and t scattering
Wus, Uane e Rev DA S TON-5T08, 19 T W g a9d =

High-energy photon neutrino elastic scattering
AbDasabadi, Al Prys. Rev. DES0RS001 2001 hepon0012257 Raad mom

W, Z and Higgs scattering at SSC energies
Gupta, Suraj N. Phys Rov.D482083-2096 1953 hep-phS307239 Read mare. .

The Effects of a strongly interacting Higgs sector on gat
AbDasabadi, A Phys Rov. D48 847-550,1064 hap-phBA01226 Resd mere

I=1,J=1resonances In the Pade unitarized W(L)+ W(L
Dicus, Doang A Prys Rev.D47 415441571993 Rgad mom

Pade approximants and unitarity in W+ W- and Z0 Z0 sca
Dicus, Duane A. Phys. Rev.D4236603667,1950 Read mor..

Neutrino-photon lc.".rlnﬂ and the neutrino mass
Vega, Rctero Hoad mom,,

Unitarity Effects In W+ W- Elastic Scattering
Rapko, Wayne W, Prys Rev Lea 82859 1989 Read mom

Neutrino photon scattering in a magnetic field
Dicus, Duane A Phys Loz B4B2:141+144 2000 hep-ph0003305 Read more...

From SPIRES HEP
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Cross Section & EWA

N 4

f(x)

olop = (af = VaV) +X) = 3 | | [ dziduzdeostfi(ar, Q%) (a2, Q%)

da
dcost

Effective W Approximation (EWA):
olpp — V\Vo — V5V + X) = Z//dazld:vgdcosti(xl, Q%) fi(wa, Q%)

0*L dé
d7dn
// 4 n@f'@ﬁ dcosﬁ(vlv2 — VsVi)
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E : /dwl dzs I, a1 —>q1V1 (1) Fq2—>q2v2 (z2) 0 OV V-V VY (z1225) .
A1,A2 S

In the exact calculatlon the ambiguity for the off-shell W??

Accomallwdo..BaIIestrero. Belhouari and Maina
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Kilian, et al



Signal & Backgrounds

| ,
If strong dynamics at TeV scale,VLVL toVLVL PP — Wj]  Forvard o
scattering is expected to be enhanced at large
invariant mass. / \

Incoming quarks Hard, central W's

In contrast, VT VT toVT VI,andVT VL toVT \‘ /
VL scattering remain perturbative through the "™\ Forward jet
whole invariant mass range. (irreducible BG)

Signal Definition: the enhancement of the cross section over the SM prediction with a light Higgs
Osignal — Onewphys — OSM (mH = 100 GGV)

WWV Scattering Channels:

4 scattering 3 deca
processes: y ]
modes: Potentially
W+W- X _ = at least 12
W+W+ purely leptonic analyses to do!
W Z semi-leptonic
77 purely hadronic
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Signal & Backgrounds
N\ Ve
Bagger, Barger, Cheung, Gunion, Han, Ladinsky, Rosenfeld, Yuan

q q q q q . q

» » » » »
- - - - -

v/ Z w v/Z

Two Spectator quarks

'WL-WL Signal

v/Z 1174 144

Focus on lepton channel

| T
I WT BG /) v/ Z M
J Wr _ w w w

energetic leptons at low rapidity (intrinsic BG)

W, v/
W /7
v/Z
ot v/

(©) (@) - Central Jet-Veto q




Selection of Cuts

4
¢
¢ MJ:
b Ag;
oc
M
Characteristics:
e energetic jets in the forward and backward directions (pr > 20 GeV) | .
. . o . |Jet-Tagging
e large rapidity separation and large invariant mass of the two tagging jets
e Higgs decay products between tagging jets Central-rapidity leptonic cuts
e Little gluon radiation in the central-rapidity region, due to colorless W/Z exchange Jot-Vet
et-Veto

(central jet veto: no extra jets with pr > 20 GeV and |n| < 2.5) |

All jets need to lie in the rapidity-range accessible to the detector,
m;| <45,

and are supposed to be well-separated,

ARN - \/(Ujl - 77]'2)2 + (¢j1 - ¢j2)2 > 0.7,

L — T




Jet-Tagging & Jet-Veto

N\

The two jets of largest Pt are called “tagging jets”.

1. Require two jets with

: : t
o |n(jet)| > Ncut and pr(jet) > preut pre > 30 GeV.
e opposite signed rapidity 77;?9 X 77?“9

i < 0.

e atleast one of them has an energy greater than a critical value Ecy 1M, > m%m :

2. If more than one jet with the same sign rapidity satisfies the above cuts, choose the most energetic,
labelled FJ1. The next one is labelled FJ2.

e Require the tag-jet with the opposite sign of rapidity to satisfy An(FJ1,FJ2) > Ancyt and

E(FJZ) > Escut tag

Anj; = 09 — 029 > 4,

L ee——— ———

1/N dN/dh

0.05

0.04

0.03

0.02

0.01

1O

mIIII|IIII|IIII|IIII|IIII|I

(oo}

tag quarks
n

ATLASTDR

For the central jets with larger Pt, we discards the events. :
0.3

We veto any such activity by discarding all events with an extra veto jet of -

veto 2
located in the gap region between the two tagging jets, £
&)
™~
ta ta —
njm%in < n;eto < nj,rgtaa: : 0.1

my=120 GeV, p;>20 GeV :

e




Leptonic Cuts

aggerl, barecr, cung,

union, Han, Ladinsky, Rosenfeld, Yuan

Forward jet
/ o /755 — 4L7y:

/ \ |

Incoming quarks Hard, central Ws

\ /

\ Forward jet

T —

In order to ensure well-observable isolated charged leptons in the central-rapi
region, we require

pre > 20 GeV, ‘?75| < 2.9, Ajo > 0.4,

The leptons (produced by VV decay) are typically
located in the central rapidity region between two
tagging jets:

<M < Njmaz > |

L tag
nj,min

myz > 500 GeV,
pT(Kg) >02Xmygy.

o //jj— 202vj7:

mr(ZZ) > 500 GeV ,
PS> 200 GeV

with ps* being the transverse momentum of the neutrino system and

o W*Zjj:

my(WZ) > 500 GeV,
PS> 30 GeV,

where

me(WZ) = [\Jm2(000) + p(000) + [ []? — [ (000) + )2,

o WHW~—jj:

pre > 100 GeV,

Apr(00) = |pre, — Pra,| > 250 GeV,
myee > 200 GeV

min (my;) > 180 GeV,

Eﬂuﬁhélert; Jager,Worek, ZeE;enfe‘ld



Calculation Tools +

‘are available by choice of input a4, a5; (3)only 2 to 2 + decay, so the BGs are only qq to
‘WW, qq to tt.

strong TeV models with amplitude unitarization available; (4) too many unwanted diagrams
(possible to modify the source code to exclude unwanted diagrams, or specify W

L

VBFNLO

(1) Specific to generate vector boson fusion up to NLO; (2)in LO use HELAS amplitude
generated by MadGraph; (3) possible to modify the code to add new physics parameters.



NLO Calculations?

ovgr (fb)
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WW/WZ(SM Higgs/Higgsless KK)

N\
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WW Channel
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Three Site

F-':

i ]

- M GeV
|_"-Lr,.. i > 4.

= M GeV, po
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W'l

Chivukula, Simmons, et. al.

Higgsless KK |
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Results from VBFNLO(wz)

Foadi, Gopalakrishna, Schmidt

N\
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In LHC, if there is a bump, how can
we know it comes from the
| enhanced signal or unitarity
violation!?

0.0 i | | | | | | | | | | | | | | | | | | |
0 S 10 15

Vs (TeV)

[4N)
(@)

Figure 7: The J = 0 partial wave amplitude as a function of /s for the standard model without
a Higgs boson (red) and the U(1) x [SU(Q)]N x SU(2)ny1 model (blue) for N = 1 to 100 with
my = 500 GeV.




Results from VBFNLO(ww)

N 7
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Other Scenarios?

Chiral Lag
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Non-Standard Higgs!?

Linearized effective Lag.
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Summary

® Before Higgs discovery,WWV scattering offers a way to
probe the EWSB mechanism.

® Even when Higgs is discovered, WWV scattering can still be
used to distinguish SM Higgs from other models.

® WWV scattering at the LHC (Signal+BG) is reviewed, and
new results from MC generator is in progress.



Thank You!!!



New Resonances!

1 1 - -
L, =~ 50008 — m2@eds + B[ OLRT TETH )+

By integrating out ®¢ we find

(hT TETS h)

52f2 T 37
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