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Shape of the Energy Frontier
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Good old Drell-Yan
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At LHC Run 2, what new keys can we expect to find
under the Drell-Yan lamppost?



(1) Resonances
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- Predicted by simple theory extensions of SM (e.g., U(1)’)

- Particle mass Is distinct

- Width extractable



(1) Resonances
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() Contact operators
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() Contact operators
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Expected and observed lower limits on A [TeV]

Channel Prior Left-Left Left-Right Right-Right
Const. Destr. Const. Destr. Const. Destr.

Exp:ee 1/A%? 19.1 140 220 174 190 142
Obs: ee 207 164 252 192 202 166
Exp:ee 1/A* 174 130 201 163 172 131
Obs: ee 186 147 222 177 183 149
Exp: upe VA% 180 127 216 163 177 130
Obs: pp 167 125 205 149 165 127
Exp: upe VA* 162 120 198 153 162  12.1
Obs: pp 156 118 190 143 154 119
Exp: €6 1/A? 214 147 248 185 210 150
Obs: £¢ 216 172 263 190 21.1 175
Exp: £ 1/A* 191 138 231 176 191 142
Obs: £¢ 196 154 238 178 193 156




() Contact operators
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Great for probing high scales.

Doesn’t work when mass of d. o. f.

compares with process momenta.
Operator combinations =>
recasting unclear.

Channel Prior Left-Left Left-Right Right-Right
Const. Destr. Const. Destr. Const. Destr.

Exp:ee 1/A% 191 140 220 174 190 142
Obs: ee 207 164 252 192 202 166
Exp:ee 1/A* 174 130 201 163 172  13.1
Obs: ee 186 147 222 177 183 149
Exp:upe U/A? 180 127 216 163 177  13.0
Obs: pp 167 125 205 149 165 127
Exp: upe VA* 162 120 198 153 162  12.1
Obs: pp 156 118 190 143 154 119
Exp: £ 1/A%? 214 147 248 185 210 150
Obs: £¢ 216 172 263 190 21.1 175
Exp: £ 1/A* 191 138 231 176 191 142
Obs: £¢ 196 154 238 178 193 156




(3) Running
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(3) Running
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(4) Loopy features
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(4) Loopy features

[w—
S
-'-&'-

-
S

Y

q

X

[ /
(q - ht—¢

q

L
E
4 Y
N v
| T
b > S
»
do/dmy(pb/GeV)
—
S
),

[w—
<
(@)

800 1000 1200 1400
my (GeV)

Direct detection 2.0
Jets + MET 1 5 ’

Dileptons |
~ 1.0t | “Dark Matter in Dileptons”
/ 1411.6743
0.5} | Altmanshoffer, Fox, Harnik,

DM overabundant | Kribs, N.R.

0-0 200 1000 1500 2000
M, (GeV)




(5) Angular spectra?
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Can New Physics debut here?
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(5) Angular spectra?

Sequence of Zboson arrival

Late 1970s, early 80s

PETRA @ vs = 30 - 40 GeV in e-e+ —> U+ -
saw a non-zero forward-backward asymmetry;
derived a bound: Mz< 100 GeV.

1983
SPS in p pbar —> e-e+ found resonance
@ 95.5+/-2.5 GeV.

Later
Angular spectra studied to pin down spin
and chiral couplings.



Forward-backward asymmetry
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Forward-backward asymmetry
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(1/0)da/dcosb (pb)

Forward-backward asymmetry
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Forward-backward asymmetry
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Forward-backward asymmetry

lop—> I+

Four subtleties:




Forward-backward asymmetry
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—our subtleties:




Forward-backward asymmetry
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Forward-backward asymmetry
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Forward-backward asymmetry
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—our subtleties:

(4) Detector resolution of £




Forward-backward asymmetry

e 1]

These three effects negligible at high my

and with large enough bins

(4) Detector resolution of n




Forward-backward asymmetry

[op—> I+ -

Collins & Soper (1977):
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negligible @ high my



Forward-backward asymmetry

lop—> I+

If I* falls here, “forward”.
Else, “backward”.



Forward-backward asymmetry

Ep o :> lil'l

If I* falls here, “forward”.

Identical to charge asymmetry:
SE ) R Else, “backward”.

ACS _ N(Aln| > 0) — N(A|n| <0)
FB — 3
N(Aln| > 0)+ N(Aln| < 0)

where Aln| = |n~| — |n7].




1.4¢
1.2l
0 1.05‘
S 0.8}
© 0.6|
= 04}
0.2}
0.0|

Forward-backward asymmetry

pr =]

my; = 300 GeV

Arg = area of right halt minus left half
(normalized with total area)

19.7 o' (8 TeV

I

my "GeV#

1000




Forward-backward asymmetry
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Forward-backward asymmetry
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Discovery sequence: expectation

Resonance
Discover here: my spectra
“direct search”.
Get mass
(and width).
Disentangle spin anguar
_ spectra
and couplings. (Arg)

See /' papers

F Petriello, et al (2008)
T Han, et al (2011)

V Barger, et al (2013)




Discovery sequence: expectation
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(t-channel, loops, etc.)



Discovery sequence: expectation

Resonance

Discover here:
“direct search’.
Get mass

(and width).

t

Disentangle spin
and couplings.

See /' papers

F Petriello, et al (2008)
T Han, et al (2011)

V Barger, et al (2013)

Non-resonance

my spectra

angular
spectra
(ArB)

(t-channel, loops, etc.)

vt



Discovery sequence: expectation

Resonance

Discover here:
“direct search’.
Get mass

(and width).

t

Disentangle spin
and couplings.

See /' papers

F Petriello, et al (2008)
T Han, et al (2011)

V Barger, et al (2013)

my spectra

angular
spectra
(Ars)

Non-resonance

(t-channel, loops, etc.)

Use both for discovery:
all at once extract
mass, spin, couplings.



Arg @ the LHC
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Arg @ the LHC
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Non-resonance: simple example

t-channel exchange
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Qualitatively different spectra...



Non-resonance: simple example

t-channel exchange of leptoquark (LQ)

L D (lepton)(LQ)(quark)
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Qualitatively different spectra...



Non-resonance: simple example

t-channel exchange of leptoquark (LQ)

L D (lepton)(LQ)(quark)

7 = qug > /-
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|
i ly‘ﬂ B
da- do Sln4(0/2)
9 < 20 0 0
~ O (1+cos™6) +acos dQ * (ssin?(0/2) + m?)>

Qualitatively different spectra...
Can LHC Arg data kill the parameter space”




The leptoquark

Neglected child of particle physics
since It gives no easy solution to topical problems.

Usual motivations:

(1) Low-energy relics of GUTSs.

(2) Technicolor/composite appearances.

(3) RPV SUSY.

(4) DM-SM mediator candidates.

(5) Ubiquitous explainers of flavor anomalies.

(6) Renormalizable interactions with SM fermions,
and discoverable @ TeV scale.




Leptoquark Species

SU(3) x SU(2) xU(1) | Spin Symbol Type 3B + L
(3,3,1/3) 0 Ss LL (ST) —2
(3,2,7/6) 0 Ry RL (81)5), LR (S1},) 0
(3,2,1/6) 0 Ry RL(Sf),), LR 0
(3,1,4/3) 0 Si RR (S%) —2
(3,1,1/3) 0 S LL(Sy), RR(S"), RR  —2

(3,1,—-2/3) 0 S RR —2
(3,3,2/3) 1 Us LL (V) 0
(3,2,5/6) 1 Vo RL(VE,), LR (V) —2

(3,2,—1/6) 1 Z RL (VlL/%), LR —2
(3,1,5/3) 1 Uy RR (V§) 0
(3,1,2/3) 1 U, LL (V{), RR(V§), RR 0

(3,1,—1/3) 1 U; RR 0

1603.04993




Leptoquark Species

This talk

SU(3) x SU(2) xU(1) | Spin Symbol Type 3B + L
(3,3,1/3) 0 Ss LL (8¢) —2

[ (3,2,7/6) 0 R, RL(S])y), LR(Sf},) 0]
(3,2,1/6) 0 R, RL(S%,), LR 0
(3,1,4/3) 0 S RR (SE) —2
(3,1,1/3) 0 S LL(Sy), RR(Sy), RR —2
(3,1,—-2/3) 0 S RR —2
(3,3,2/3) 1 Us LL (VL) 0
(3,2,5/6) 1 V RL(V,), LR (Vi) —2
(3,2,—1/6) 1 Z RL(V{5,), LR —2
(3,1,5/3) 1 U, RR(V{) 0
(3,1,2/3) 1 U, LL(V{E), RR(V{), RR 0
(3,1,—1/3) 1 U, RR 0

1603.04993




Leptoquark Models

R2 (33 2) 7/6)
L = —sz'L_LR,ZR abLL j + szeR ’LRQ*Q%J + h.c.

. 2/3 _ 5/3
= (yVpMmNs)ijUrivL RS ™ — yijurier j R,
2/3%* 5/3*

+ szeR idr, ]R (y'VéKM),-jéR,iuL,ij + h.c.

y@=0, Vi = Yue 8i18j1: ElectroUp
@: = Yuu 8i16j2: MUOUp
R2(3a 2? 1/6)
L = —y;jdr,R3e™LY  +h.c.
= _yz'de,ieL,jR2 (yVPMNS)zJ dR iVL JR_1/3 +h.c.

Vi = Yde 0i10j1: ElectroDown
Vi = Ydu 0i10j2: MuoDown



Probing

lllustrative choice
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Free parameters



Probes: (i) pair production

“direct search”

A

LAS 8

eV, 20 ifb,

Sighature: e+e-jj




Probes:

(1) pair production

“direct search”

;gym ATLAS 8 TeV. 20 ifb,

Sighature: e+e-jj

" Recast
) Include this diagram,

i) LO rates in MadGraphb
ren scale = fac scale = mLQ),
i) differential K-factor from
NLO stop cross-sections,
(iv) match exclusion cross-
sections.




Probes: (i) pair production

“direct search”

ATLAS 8 TeV, 20 ifb,

(a) (b) " . T
Sighature: e+e-jj
GEOOTOY — = -~ -
| q |
Il
| g g ,
g | !! . ,'*./0123
00000¢ %&
(c) (d) : |
) %% y
i /
. "%( ,’
] yq_ L '_ B - "%':' ,'
(&) & .|
,,%EBpaw',
II%I: X X L ' ..............




Probes: (ii) single production
‘direct search”

oy ' A CMS 8 TeV, 20 ifb,
«— 00000 : :
. q% ‘ ¢l o Signature: e+e-
(a) (b)
MO T a7 Basic selection
Yo « /t d):
g CI{ . | ;. pr(7) > 125 GeV, |n(j)| < 2.4,
00000 > 00000 - - —gb—y pr(€) > 45 GeV, [|n(f)| < 2.1, My > 110 GeV,
(© (d) X St = pr(j1) + pr(l) + pr(€2) > 250 GeV.
q\\ q V/ "Resonant” selection

55" i< to pick out (d) & (e)

(e) My; > f xmpq, St > 5’?*(mLQ)

fand S9r optimized for
lepton flavour



Probes: (ii) single production
‘direct search”

> Yo o g Yo ¢ f
Ty T CMS 8 TeV, 20 ifb,
af | Signature: e+e-j
(a) (b
q Va7 q Va ¢
(b Yq as d): ,’
| q
g CI{ g |
ST BETTO - - -
Ya \_/

i) MadGraphb cross-sections

q\\ q V/ ren scale = fac scale = mLQ),

3999) ' ¢< i) apply CMS selections,
q o+

IV) match exclusion rates.

(e)



Probes: (ii) single production
‘direct search”

R R, CMS 8 TeV, 20 ifb,

— * T . .
- q% g « e o Signature: e+e-

(a) (b
q "Va 4 q TYq T
(b I
Yo ¢ ¢
| q
g q{ g |
g ¢
OO0 O —> DOOOO - — — -
© (d) Ya N -*/0123

9 A \¢ : /
9999) h q = Il%(-_ ’
Yo Vs Y I
||%|__ '
(e) . I
' o
|
|
|




Probes: (iii) my spectrum

ElectroUp

10'9| (Partonic rates)

50 100 500 1000 5000
! /l (GeV)



(%0)*+,-.

(Partonic rates) |

" g o
SM m 1$%&"

(Mg =1 TeV,

Ve = 0.4, 1.0, 1.6)

(Yue =1,

Probes: (iii) my spectrum




Probes: (iii) my spectrum

Recast
(i) Analytic cross-sections
(ren scale = fac scale = my), :
i) Rescale events from q g : o
TLAS 8 TeV, 20 ifb by oA A
7 o+ ¢ =

datotal/dOSM

i) Shape analysis:
lvbins 1 1
2 (]Vcw;bs_]\[Iz\IP)2
NP = Z Nip + ofp

)
1=1
fvhin:«

(N

obs

i \2

— Ngm)
: 2

Ngy + 05u

2
XSM —
i=1

95% C.L. limit:

AX2 — XIQ\‘P — X%M = 9.99



Probes: (iii) my spectrum

Recast
1) Analytic cross-sections

AN N

i) Rescale events from
TLAS 8 TeV, 20 ifb by

datotal/dUSM

i) Shape analysis:
Nbins i i \2
2 (Nobs o NNP)
NP Z Nyp + oip

1=1

Nbins (Nt

i \2

— Ngm)
i 2

Ngy + 05y

obs

i=1
95% C.L. limit:

Ax® = Xxkp — X8m = 5.99

ren scale = fac scale = my),

)

Y

Y

Yqr Van

A

A

0.0"

1000

1500
myq (GeV)

2000

2500



Probes: (iii) my spectrum

Recast
1) Analytic cross-sections

AN N

i) Rescale events from
TLAS 8 TeV, 20 ifb by

datotal/dUSM

i) Shape analysis:
Nbins i i \2
2 (Nobs o NNP)
Xkp = ) :
NP ~ Nyp + o%p

Nhins

(N;bs - ‘Ivé.\/l)2

2

: 2
Ngy + 05y

1=1

95% C.L. limit:

Ax® = xkp — X8 = 5.99

ren scale = fac scale = my),

)

0.2

1.4}
1.2l
1.0l
2 0.8|
0.6|
0.4

q g T«%ﬁ g 0~
+ 2
1 <z lyqﬂ <% &
ElectroUp
' ' ' ' ' / ' TN ' ]
/ / Mee —
7 {

\ 4

' I Wise & Zhang 1404.4663, |
[ I . . . ]
ipair ; using bins with no observed events
i | |

|

0.0

1500 2000 2500

my

1000
1GeV"



Probes: (iv) Ars

1.4}
—~ 1.2}
~ 1.0}
Q 0.8}
S 0.6}
=3 [
S 0.4}
~ 0.2}

0.0}




Probes: (iv) Ars

SM

(Mo =1 TeV, q / + q e
¢I

Ve = 0.4, 1.0, 1.6) A c e e

(Yue = 1,




Probes: (iv) Ars

SM ;
(Mo =1 TeV

Yue = 0.4, 1.0, 16) q
(Yue =1,

mia/TeV = 0.4, 1.0, 1.6)

A

= '

11"gtdg"dcos 8 pb#

I
:H.:'. :H.:'. = = = -
a2 S - .




Probes: (iv) Ars

SM
(Mo =1 TeV,

yUe — 04, 10, 16)

(Yue = 1,

mLa/TeV = 0.4, 1.0, 1.6)

!u&__ --------------------

1"

O I

_C." I"H I

°

o #Il(__

S |-

:b #Ill _ .

= % _ / <= -

#

—1"# —#"$ 7' #'$ I"#



Probes: (iv) Ars

CMS 8 TeV, 20 ifb
- Many my bins
- Across four bins of

1 Etot _+_ tot
y = log ( tot p:ot)
2 Etot — pb




Probes: (iv) Ars

Recast

) MadGraph5 events with 7

CMS criteria,

1) find SM pertfectly aligned with
MS backgrounds for

00 < my/GeV < 2000,

i) shape analysis:

/\—

N

Aobs_A.\'P 2
X?\'P:Z( FB FB)

bins

obs SM\2
2 L (AFB o AFB)
XSM =

bins

95% C.L. limit:

AX2 = X12\'P — X%M = 9.99




Probes: (iv) Ars

q - q que =
Recast ‘ W Y
(i) MadGraphb events with 1 o 7 e
CMS criteria,

1) find SM pertfectly aligned with
MS backgrounds for
00 < my/GeV < 2000,

i) shape analysis: ElectroUp

N

Cp =3 (AFE — AFp)?

bins

bins

95% C.L. limit:

Ax* = xkp — Xém = 5.99

Y
0.0 1000 1500 2000

myq 1GeV"

2500



Probes: (v) atomic parity violation

Gr - . _
Lapv = —Fc'y“'y')c[Ch,,u’*/,,,'u, + C1ady,d]

V2



Probes: (v) atomic parity violation

Wood, et al (1997)

P (Cs) = —T72.58 £ 0.43.
o (Cs) = —73.23 4 0.20,

6Qw(Z,N) = —2[(2Z+ N)6C1u+(Z +2N)5C1 4]

V2 Y(u/dyel?

Gp Sm%Q

0C1(u/d) =

G B ~
Lapy = 7;w vPe[Crutiyuu + Crady,d]




Probes: (v) atomic parity violation

q
¢I
T ———— |
. Recast e 1o
2 sigma limit: )
| mrLQ
<0. 1
m [Yuel < 0.27 (ITCV) !
mrLqQ
[Yae| < 0.26 (lTeV) |

\/§ |y(u/d)c |2

0C (u/d) = | ‘
v/d) — qn 8mﬁQ



Probes: (v) atomic parity violation

> ? l >
q |yq' q
¢I
T ———— |
| Regast o e Lo e
2 sigma limit: ) )
| mLQ
< (. |
ﬂ; [Yuel —027(1T0V) " ElectroUp
, Iyde|§O.26(

OO T ]
1000 1500 2000 2500

| . 1GeV"



ElectroQuark v MuoQuark
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Forecasts

Can a hadron collider’s dileptons
ever achieve more precision than
low-energy measurements of atomic parity violation”



Forecasts

-.+/01234 ' -.+/0123245

e BT IS 068" AT HHST AS™ 1™ ST IS™ 1%$" AT HHS' #S™
TR o IR "

my spectra
AFB
300 Ifb




Forecasts v.2

ElectroUp

1.4F
1.2l
1.0l
. 08|
0.6/
0.4f
0.2}

=
—

l
l

1
l

|

I

do/dmy (pb/GeV)

1000

1500
|

my (GeV)

1GeV"

2000

2500

Coupling bounds weaken
monotonically with mass

, | 1] , | n
7/ -/
/ /
N g }
e L e —

(a) (b)
! !
R P T i LA L Sty P Re
A0 . a,
@ _ [Ya!'Ya] M__'__ Ya__
(0 (d)

At high masses, threshold features
Ike "monocline” possible due to
large loop effects

=> couplings will get bound tighter.



Telling leptoquark spin

ElectroUp,! ," 1 TeV ()&*+,-./

. T

! 1#$%-8. [
L — 1#$%) | '

— “ﬁv _i#$%&'(
——— | T T




Telling dark matter spin®

g ——— X, U 0.75} |
: : < | DM spin-0
: o |
qV fz E 0.70_'
3 X - % DM spin-172
a 0.65:-
0.6} 060 ————p—
0_55_ 500 1000 1500 4 2000 2500
0.4 DM couples to RH leptons
0.3;' :
0.2y I DM couples to LH leptons
0.1} -'
0.0} Work in progress with
500 1000 1500 2000 2500

Rodolfo Capdevilla,
A. Delgado, A. Martin




Clarity

e+e- collider Hadron collider




Clarity

e+e- collider Hadron collider

Arg Lorentz-invariant Arg not Lorentz-invariant

N(Ay > 0) — N(Ay < 0)
N(Ay > 0)+ N(Ay < 0)
~ Nr—Np

= Alyl=ly
N yl=ly

N Jyl >0)=N( |y| <0)
N |yl >0)+ N( |Jy| <0)

Arp =

— |y




Clarity

e+e- collider Hadron collider

Arg Lorentz-invariant Arg not Lorentz-invariant

N(Ay > 0) - N(Ay < 0) N( |yl >0)—=N( |y| <0)

AFB = AR =
N (Ay > 0)+ N (Ay < 0) N |yl >0)+ N(! |yl <0)
NI: — ]\rlg | — | +
N yl=1ly [=1Iy |

Photon Arg = 0, LA #0 SM Arg = 0

/

Z physiCS coNsSpICUOUS




Clarity

e+e- collider Hadron collider

Arg Lorentz-invariant Arg not Lorentz-invariant

N(Ay > 0) — N(Ay < 0)

A —
5T ON(Ay > 0)+ N(Ay < 0) N(! |yl > 0)+ N(! |y| <0)
Nr — Ng +
N yI=ly [—1ly |

Photon Arg = 0, LA #0 SM Arg = 0

/

Z physiCS coNsSpICUOUS

Can we characterize dilepton angular distributions
with a Lorentz-invariant quantity vanishing in the SM?




Clarity

| orentz-invariant

Y1 — Yo



Clarity

| orentz-invariant

>l< = exp(|ly1 — v2|)

Jet angular distributions already
presented in this variable.



(1/0) do/dy,

Clarity

i -
_gﬁ 0.7 —— Data CMS
; - - N QCD prediction \s=7TeV
Lorentz-invariant S O —— Nmmevmw, L=221"
5 i
_8 - , >3.0 Tev (+0.5)
L - 0.6 — ]
p— — o —+—+
X = eXp(|y1 yQD S #hh
e T
= -
r 0.4
0.5 24<M <3.0TeV (+0.4)
i~ SPSP SIS S 4
I .
Y m >2600 GeV (+0.16) |
O  2000<m <2600GeV(+0.12) () 4}
A 1600 <m <2000 GeV (+0.08) - 19<M, . 24 TeV. (+0.3)
L In * . :‘:'_t_ . _._
A 1200 <m <1600 GeV (+0.04)
o  800<m <1200GeV r 15< M, <1.9ToV (+0.25)
g 0 - O ——
03 12<M, <15Tev  (+0.2)
QCD Prediction e, O
0.1 ] ‘ o i = e
LA ] [ meoretcal unceraintes r 1.0<M, <1.2Tev  (+0.15)
005? “q ' - 08<M,; <1.0 TOV. (*0;1)
s L g O——O—— OO
i i} - = = = QBH (n=6), M_ = 4.0 TeV (+0.16)
ol e a aaaald LT " 06<M, <08Tev (+0.05)
- o *——0—
1 10 0.1 e ‘

0.4 < M, <0.6 TeV
*—.—.-f—.—Q——Q—H . -
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Clarity

| orentz-invariant v/
Vanishing®?



Clarity

| orentz-invariant v/

Vanishing?
Centre-edge asymmetry
- Yo n I M d2"
dl! vy
0 y dl! yldm
Acke (m” ) | u ! ° $ o %,910
o A Yl G yram,

See, e.9., R. Diener, 5. Godfrey, T. Martin 0909.2022



Clarity

Centre-edge asymmetry

- Yo n ' B N d2u
dl! vyl
0 d[’ ..
Ace(my ) ! - S dz"l Y195
0 dll yl dl! yldm
| — l
Ace(my ) = N@O< ]! y[<yo) =N(yo < |! y| <Y max)

N(O< |! Y|<YO)+ N(y0< |! Y|<Ymax)

- Substitute infinity with detector Ymax
- Can always find a yp s.t. SM value —> O



Clarity

- yO 11 I B N d2ll
dl! vy
Ace(my)! —u Y g d:.“ VIgp
0 dll yl di! y[dm

Advantage to phenomenologist; |cos! | =tanh( |! y|/2)

14 N

1.2}
% 1.0
S :
O 0.8}
_8 :
#b 0.6:-
=~ 0.4}
0.2} —
0.0} < >

CoM frame/ _
7 /CS fﬁame

Area under curve in symmetric range is frame-independent



Clarity

- yO 11 I B N d2ll
dl! vy]
Acg(my)! —2u Yo g7 d Vigp
o dl g2
0 | yl di! y[dm

|cos!| =tanh(|! y|/2)  yohere —> |cos6)| = .588

ElectroUp

03— :
SM 0.30| |
(mI_Q = 1 Te\/, 0.25;- -
yue = 0.4, 1.0, 1.6) 8o
(Yue — 1’ 0.10?-,"
mia/TeV =0.4,1.0,1.6)  oos

0.00¢ -

1000 2000 3000 4000 500



Clarity

Ace (my ) !

- Yo u

0

!
Yo

d2u

d|! WQ%!!

d! |
N

odly] e

|cos! | =tanh( |! y|/2)

-.+/01234

— SM

Spin! 0 LQ |
— Spinl 1LQ |

dl! yldmy

Yo here —> |cos6| = .588

Can tell leptoguark spin

unmistakably!
(Opposite signs in Ace)



End remarks

LHC dilepton angular spectra
* largely ignored — can be a rich probing ground.

- It new physics is non-resonant, can expect first hints
here.

- ArB measurements (and /+/- kinematic spectra) give
indirect [imits on leptoquarks rivalling or bettering
direct search limits. Demonstrates previous statement.

* to grab more limelight, need clearer interface between
theory & experiment, like centre-edge asymmetry —
Lorentz-invariant and vanishing in the SM.
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M Wise, Y Zhang: 1404.4663
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Destructive interterence
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Contours of (total cross-section)/(SM cross-section)
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(g-2)!

IV.4. Muon anomalous magnetic moment

There is an enduring 30 discrepancy between the value
of a, = (9 — 2),,/2 measured by the E821 experiment at
BNL and its SM prediction [28|. Loops involving LQs
can modify the theoretical prediction; their contribution
can be calculated using the formulae in [13]. When ap-
plied to MuoQuarks, I find that the discrepancy is further
widened. For a MuoDown, the contribution is negligible
due to an accidental cancellation in the loop functions.
For a MuoUp, demanding that the discrepancy be no larger
than 5o yields constraints that lie well outside the range
of parameters presented in this work. More precisely,
requiring@wu < 2 gives myg = 350 Ge@, a very weak
constraint compared to the other bounds here.
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R-Parity Violating SUSY in Drell-Yan
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leptoquark “Sy”

i dd], + didbv + (d5) (7)) ],

—&v dvul, — @ dhel — (dk)* (éiL)CuJL] + h.c.

(Contours of squark mass)

Choudhury, Godbole,
Polesello 0207248



