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Motivations
€000

Status of New Physics searches at the LHC

» After 3 years of data taking at the LHC:

> No experimental evidence of New physics has been found
ATLAS and CMS have probed extensively the TeV region

Mass exclusion limits of many BSM particles have been
pushed higher and higher in energy

Yoy

> Significant portions of the parameter space of many
simplified models have been excluded

» e.g. Summary plots for ATLAS:
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Motivations
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ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary
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Only a selection of the available mass limits on new states or phenomena s shown.

n
10 Mass scale [TeV]
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Motivations
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ATLAS SUSY Searches* -

95% CL Lower Limits

ATLAS Preliminary
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Motivations
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What's next?

» The range of those searches will be increased by:

> The upcoming run at 13 and 14 TeV
> The proposed (and very popular) High-Luminosity upgrade

» If New Physics has to be discovered in the coming years:
> Goal will be to characterize the properties of the new d.o.f.

@ e.g. masses, couplings and spins

» However in most studies at hadron colliders...
> Experimental analyses motivated by theoretical arguments
o Imply key-final state signatures that should be looked for
> Signatures not typical of a given theory/scenario
e Famous example: MSSM and UED models

» Disentangling BSM theories with same signature is hard
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Motivations
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Why using polarized beams for New Physics searches?

» Because it precisely solves the previous issue

PHIENIX

» Because the technology is already there and working:
> c.f. RHIC (Relativistic Heavy lon Collider) in BNL
o Polarization rate of proton beams at RHIC ~ 70-80%
» Because we have the theoretical knowledge:

> A few BSM phenomenological studies were lead at RHIC
> Most of those studies were also considering

o Polarization upgrades of the TeVatron and/or the LHC
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Motivations
oe

Future Accelerators & Polarized beams

» A polarized LHC is now quite unlikely to be realized
> Technologically feasible but...
e Would require to replace the full injector chain

» The situation is different for the recently proposed FCC
> |f New physics is discovered at the LHC
= Strong motivation for a polarized mode of the FCC
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Physics at polarized hadron colliders

© Physics at polarized hadron colliders
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Physics at polarized hadron colliders
°

Parton distributions & Parton luminosities

» Unpolarized and polarized PDFs are defined as:

fa/p(xv QQ) = fa/p( Q2)+fa7p(xv Q2)
Aforp(z, @) = £, (20"~ f (2.Q%

» Parton luminosities are defined from the PDFs:
1 -
£y = é/ 2 [ (@) 1 (220) 0 (220) 1 (= 0°)]
1 -
ch = %/ 2 [ (@) a5 (5.@) 45 (5. 0°) 20 (202)

dz 1 [ T T
el (v.@%) Aty (;, Q2> + Afisp (;, cf) Aty (= Qz)}

kb
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Physics at polarized hadron colliders
)

Cross sections & Longitudinal spin asymmetries

» Cross sections at parton level are defined as:

o = 1[0

» Cross sections at hadron level are defined as:

o0 = [iyp®fi/p @604 =Ly ®[360,4],
o = fip® Ay @615 =L5S 8614,
o = Afyp @ Afiyp ® 6L = l:z'LjL ® [5 6rL.4]

» Spin asymmetries are defined as ratios of cross sections:

or oLL
Ap=— A =—
0 a0
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Physics case: Monotop signature

© Physics case: Monotop signature
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Physics case: Monotop signature
°

Monotop production in the Standard model

o Final state signature : t + Ep — bjj + B / bl + Er
@ Production mode — subdominant contribution

o GIM suppressed: V,; ~0.23, V;s ~ 0.04
o Loop-suppressed
o Branching ratio: BR(Z — vv) ~ 0.2

@ Observing monotop means observing New Physics

Z9 (— vv)
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Physics case: Monotop signature
©0000000

Monotop production in the RPV-MSSM

» Production @ tree-level through squark exchange
pp—q— X1+t

> 6 diagrams in the flavor conserving case
> [ associated to the lightest neutralino

w Kinematic condition: m; > myo = Long-lived neutralino
= Decay far outside of the detector due to its long lifetime

ic1 tme dicl\./y/umcs dic,

Uleg ~

iy

dl ot 5(,0 (2/ (:2/%% 520 J

n n

IS9

Umes

S0
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Physics case: Monotop signature
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Monotop production in the RPV-MSSM

» Production @ tree-level through 7; exchange
pp =t — X0+t

> Non-resonant channels are subdominant (NWA)
> Assume ty contribution is negligible

q %1
p— _>. —_——
£ t
q/

2
(1= h)(1 = ho)m |\, sin 0
6

~hiho /= — ~
6 ppt(@ar — tX7) =

X BR(Z—M)}?) X 6(§—m-2)
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Physics case: Monotop signature
00@00000

Monotop production in the RPV-MSSM

» Dominant channels are ds and ds

1 %1

Spin asymmetries for the process + charge conjugate

L L LL LL
Adst+ds _ Lis— Ly =g Adstds _ Lis + Ly
L Las + ﬁEl?s L Las + EZLE
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Physics case: Monotop signature
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Monotop production in the Hylogenesis model

» Provides a theoretical mechanism for generating;:
> Baryon Asymmetry in the Universe (BAU)
> Dark Matter (DM)

» Lagrangian:
1 -
Ehylo = 5/4@' dfv“dj V# + h.c.,

» Monotop originates from the decay of a vector resonance

~h
St (T > ) = ————————
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Physics case: Monotop signature
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Monotop production in the Hylogenesis model

» Dominant channels are dd and dd

__ . LL LL
pdd+dd _ pdd+dd _ Ldd + L34
L =0, Wi =5
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Physics case: Monotop signature
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Monotop production in the X-model

» Provides a candidate for Dark matter
> Top quark couple to a new neutral heavy resonance X
> X resonance strongly couples to some new hidden sector
> X resonance decays into particles of the hidden sector
> X resonance mediates FCNCs at tree-level

» Lagrangian:
Lx = gg(ﬂiv“PRtXu +h.c.

» Monotop originates from non-resonant diagrams
X
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Physics case: Monotop signature
00000000

Monotop production in the X-model

» Non-resonant diagrams = Cannot apply the NWA
X

» Result for the helicity-dependent p‘%rtonic cross-section:

~ B\
dé' 2 02
X (. _ 1 92912
dt (U;g tX) T 167s? 12sm% (t—m?)?

(14 R)[C1 + G|

> No simple expression for A;, and Ay,

» Dominant channel = ug
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Physics case: Monotop signature
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Numerical Results

Single Spin Asymmetry, LHC 14 TeV, NNPDF2.3 + NNPDFpol1.1 Single Spin Asymmetry, FCC 100 TeV, NNPDF2.3 + NNPDFpol1.1
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Conclusions

Conclusions

Take-home messages

> Polarized beams are technologically feasible

> Polarized beams allow to disentangle BSM theories with
the same final-state signature

> If New Physics is discovered at the LHC or at the HL-LHC
w Strong motivation for a polarized FCC

> Assuming polarized PDF uncertainties are improved

= Measurement of A; with a 5% precision enough to
distinguish between the three models

What remains to be done:

> Study other BSM scenarios
> Estimate effects of finite polarization of the beams
> Include W and Z bosons in the DGLAP evolution equations

Josselin Proudom LPSC Characterizing New Physics with Polarized Beams -22



Conclusions

Thanks for your attention
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Back-up slides
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Polarized Parton Distribution Functions

NNPDF2.3, Q*= 10" GeV?

10%
» Polarized PDFs are smaller than unpolarized ones
» At small-z polarized PDFs are largely suppressed

» Polarized distributions Au and Ad have opposite signs

» Important consequences for spin asymmetries:
> Sizable only at medium and large-z
o i.e. for final-state with large invariant masses (New Physics)
> Behave differently depending on the initial partonic state
e i.e. give discriminating power between BSM scenarios
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Motivations for R-Parity Violating SUSY

@ Forbids both BNV and LNV interactions in the MSSM
o Imposed to avoid fast proton decay: 7, > 10%® years

+
d 5% €
— * —
p
U u
70
u > u

» Proton decay requires both BNV and LNV interactions
> R-parity conservation is too restrictive
> Either BNV or LNV are allowed = No proton decay

» RPV-MSSM with BNV model features
e BNV + lepton number conservation compatible with a GUT
e Provides the third Sakharov condition = BAU

» Price to pay: Extremely difficult to accommodate DM
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The model

» BNV superpotential:
1 o
Weny = 5/\%19 U'DID* + Wssm

> A0 BNV couplings = 9 new free independent parameters
> U, D: Superfields
> ¢, j and k : Flavor indices

» BNV Lagrangian:

1.7 . ~ _ c
_ 1¢2¢3 0f pu d d
Luv,u;p, = _§>\ijk5 (ulcg Ri(k43) Y Dic, PLY Djey

~ d < dC T d ¢ Ld ~
+ dloc]; Ri(143)Y Dicy PLY Dres + Y Dic; PLY Do,y RZ(ch-:s)dOJr

les

) + h.c.
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Constraints on BNV couplings

Present experimental constraints on )\’ i, couplings:

@ Neutron dipole moment
@ Antinucleon oscillations, double nucleon decays
@ Rare hadronic decays of B-mesons, K-K systems

@ Observed flux of cosmic rays antiprotons :

A,/k < 10 19 0724

> Yet... Not applicable to )} 3k if the top quark is heavier
than the Lightest Supersymmetrlc Particle (LSP)

> )3 is left almost unconstrained
> Enforce MFV =- Only )}, is sizable ~ O(0.1)
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Monotop production in the RPV-MSSM

» Helicity-dependent partonic cross section

Full 2 — 2 process

6
dé . @ st Qtt* Quuf Qst
e o> [amm o (S S S S
dt 12SWCW52 8150 Giti U Uo sito
l,0=1,2

Qs Qtu QtH— Quu+
+¢+i) +(17ha)(1+hb)i+(1+ha)(17hb)L]

S1Uo tUo tito U Uo

> Compactified expression of the cross section
> h, and h, = helicities of incoming particles

> ()*°: interferences between diagrams in the s-channel
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Analytical expressions of the charges

ss * 2 2 *
= s C ~C" ~|(s—my —m~ ||L ~~L ~~
lo didjuy - didju ( am X?L)( Um X5 UmtoX)

* * *
+ R ~~R ~~ | —2my,m|L ~~R ~~ +R ~~ L ~~
UmUWXp  UmUoXnp Xn UmUWXp  UmUoXnp UmUXp UnUoXnp

tt+ _ C C* ¢ 2 2

= ~ ~|t—m t—m~ || L ~~
lo U didy " um didg m x5 djdyx, d doxn
- _ o o* ¢ 2 2

= ~ ~(t—m t—m~ (R ~~
lo um did] ~ updids ( m x9 djdix djdoxn
uu+ _ C C* 2 2

= ~ ~(u—m U — m~ L ~
lo tpdidy  up djd, ( Um x2 didyx0 d dax"
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Analytical expressions of the charges

uU— * 2 2 *
= C ~C° ~lu—m, u—m~, | (R ~~ R ~~
lo Undjdy um djd, tm X9 didixf " didox)
st * *
= 2m~ymy, sR(C, ~L ~~ ~R'~~
to x2 tm didju umwux  umdid, djdox

+ 2stR(C ~R ~~C" ~R'~~
didju” umwxS  umdido  djdex9

SUu * *

= 2m~ymy, sR(C, ~L ~~C° ~R ~~
to X didju wm xS umdidy didoxO

- 2usR(C, ~R ~~C" ~R'~~

didju; umuXy umdjdo  didoXy,

ut 2 2 * *

= 2{m~m, —ut|®R(C ~R~~C" ~R'~~
lo X9 um umdidy didyx0 umdido didox9
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Full expressions for the couplings

Loy = (o= T8 0w N+ T o i i 4 e T A
Ry = =exow N Ry + ot
Lajdkf(? - {(eq a Tg) sw Nin + Tf? cw N12:| R_;'ilf + mdk;zgi:ifj{gmr?))
Rigso = —essw N Rifiys) %
Coaiy = iRy and €, o = N Rify )
With

Xi = Nyy? with i=1,2,34
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Tool chain

» SLHA2 input file:
> Model and parameters specification
\
» SUSY-spectrum: SPheno-3.2.1:
> Compute RGEs at the two loop level

4
» Decay Width an Branching Ratios: SUSY-HIT-1.3

> Width and BRs of the MSSM Higgs bosons: HDECAY
> Width and BRs of the SUSY particles: SDECAY

4

» Cross section & scans: XSUSY-1.9.23 (Private code)

> Original C++ code developed by B. Fuks & B. Herrmann
> Numerical integration performed using VEGAS
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Numerical results

tl3=10’ u>0, A0= 0GeV, A,, =02 tB=40, u>0, Ao= -500 GeV, Ay, = 0.2
; A Q ’S\ 40 Q
=, o= 10" TG 0 0
S E S
£ [ £
faad ==
300; 1 1
10" 10
fi 10° 107
. 1200 1400 10 300 400 205706 430" 50" 2000 1100 1200 1300 1400 1500 10*

m, (GeV)

m, (GeV)

» Demanding from the computational point of view

» Is there a way to simplify the computations?
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The Narrow Width Approximation

» The Narrow Width Approximation (NWA):
> Reduction of the complexity of scattering amplitudes
> Assumes peaked resonance with a Breit-Wigner lineshape
> For small T, off-shell effects are suppressed

= |ntermediate resonance can be approximated to be on-shell

> Production and decay of unstable particles = factorized
> Non-resonant contributions are neglected
> Introduction of an error of O(I'/M) for each Breit-Wigner

Requirements for the NWA

@ Total width of the particle way smaller than its mass: I' < M

@ Propagator separable from the matrix element
© No significant interferences from non-resonnant processes

@ Scattering energy larger than mass of the resonance: /s > M

© Mass of resonance larger than masses of the daughter particles

v
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Narrow Width Approximation & New Physics

» Narrow Width Approximation features:

>

>
>
>

Drastically simplifies calculations = o, x BR
Reduce CPU time required for computations
Works pretty well in the case of the SM
Extensively used for BSM searches

» Is the NWA reliable in the context of BSM searches?
> NWA assumes Breit-Wigner resonance

@ In the vicinity of kinematical bounds like \/s ~ M
o For near-degenerate parent-daughter masses m ~ M

> Breit-Wigner lineshape is distorted by threshold factors

@ phase space factors e.g. 8 =+/1— (m/M)?

Josselin Proudom
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Validity of the NWA

tB:lO, ©>0, AD: 0GeV, A, , =02 . tB:40’ pu>0, AD =-500GeV, Ay, =02 .
< 100 @ < 1008
S = g =
€ 80 £ 80
0 70
50 60
50 50
40 40
0 0
20

300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

m, (GeV)
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