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Dark Matter at the LHC
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Dark Matter at the LHC
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The demand for e*e” colliders

’ high luminosity |

~103

’ clean background | ..
: ~ precision

’ High precision |

Precision of Higgs couplingmeasurement (Contrained Fit)

IHEP-CEPC-DR-2015-01
= LHC 300/3000 fb~!

m CEPC 250 GeV at 5 ab™" wi/wo HL-LHC

Relative Error

Precisions of a few percents are achievable for some of the couplings.
The CEPC can robustly improve this precision by an order of magnitude.



Simplified New Physics Model

Assuming NP does not talk to electron directly

AL = F(iD— Mp)F + |D,S|* = M2S'S — V(S, H) + Lyu



Simplified New Physics Model

AL = F(ip — Mp)F +|D,S|*> — M25'S —V (S, H)

Left-handed scenario Right-handed scenario
Lywk = YCijiS'AEFI + h.c. Lyuk = yCi;S'AgF’ + h.c.
Cijk = Ly k|IsIp; i) V.S, ¢y = urOlUsIz; i)

I =1r+1/2 Is = If



Dark Matter Candidate

AL = F(i) — Mp)F +|D,S|> — M25'S —V (S, H)

Dark Matter
Direct Detection 7

Ms, < Mg, ¢

Scalar dark matter
D.S. Akerib et al. (LUX) (2005), Arxiv:1512.03506 Yo € {—Is,—Is+1,...,1}
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Except singlet Fermion
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One-Loop Correction

Yukawa interaction: O(yQ)
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Purely Yukawa Interaction

Loop induced effective coupling vutu-

— et (k=) (avy* +iBy o™ qy + &1.v Y ys + o vatys) v (k)

A. Stange and S. Willenbrock, Phys. Rev. D48,2054(1993)
On-shell scheme Q.-H.Cao et al, Phys. Rev.D 79,015004(2009)

Ay = aV,A +
Py = ,BV,A

éiv=%E%1vaHOE v

52,V — fz,V,A

Wave function of muon




Purely Yukawa Interaction (Left-Handed Scenario)

V=942
— —iet (k=) (avy* + 1By o g + &1 vy ys + E2,v g ys) v (k)

Stange, Willenbrock, Phys. Rev. D48, 2054 (1993).

ay = ay,a +oay, Bv=7PBFva, &v=E&va+dv, &v=%E%Cva,

~ Jps = § Cik_%Tgi,ij;;_% Dimensional Regularization
ijk On-shell scheme

Aoki, et al, Prog. Theor. Phys. Suppl. 73, 1 (1982).
Passarino, Veltman, Nucl. Phys. B160, 151 (1979).
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Purely Yukawa Interaction (Left-Handed Scenario)
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Left-Handed Scenario (Large Mass Expansion)
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Right-Handed Scenario (Large Mass Expansion)
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Purely Gauge Interaction

Loop induced effective coupling Vu*u~

—teu (k-) (avy" +iByorq + & vyHvys + & vl ys) v (k+)

On-shell scheme
ay = ayo + |5aV

Bv = Bv.o
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v =&v0 HOE

—

Wave function of gauge boson
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Purely Gauge Interaction
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On-shell scheme
ay = ayo+ oay
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Numerical Results

dAoc  mady I s s
_ y _ L L
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Fl = 2R {0y +CL, &1y, muByl}, F§, = 2§R{gRaz +C%9v, 9rE1,Z + CHYa, nguﬁz}-

Input parameters — G, scheme:

G, = 1.1663787 x 10~° GeV 2, arm(0) = 1/137.035999139,
mz = 91.1876 GeV, mw = 80.385 GeV, m, = 105.6583745 MeV,

cw = mw/mz

P. J. Mohr, D. B. Newell, and B. N. Taylor (2015)

LoopTools for the evaluation of the scalar functions.
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LEP-I Constraint (Left-handed Scenario)
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LEP-I constraint (Right-handed Scenario)
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Left-Handed Scenario (Ecn=240GeV)
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Left-Handed Scenario (Ecm=240GeV)
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Left-Handed Scenario (Ecm=240GeV)

T I
. Singlet (F) | &
_ Doublet (S) ‘1
R
o
; """""" [T [T T
\é -
S
b R ]
a4 -5 — L=1/2,Ys=—127] A -
I ipveip 1 S I s
_ e I5=1/2, Ys=1/ S, =
I — 15_0 Ys=0 1 = .
—10—. 1111111 .\‘ ...................... 1 Q -
100 200 300 400 <b] S WYy -
M |[GeV] i ]
— Is=1/2, Ys=—1/2 ]
Threshold effect i 13_1/2 Ys=1/2
— 10
Gray shaded bands: 100200 300 400
M [GeV]

excluded by Mono-jet + MET data



Right-Handed Scenario (Ecn=240GeV)
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Right-Handed Scenario (Ecn=240GeV)
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Ao Joy(x107)

Right-Handed Scenario
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A /oo(x1073)
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Other collision energies, Arg, pp collider
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Summary

Nearly degenerate DM models, which are hard to be probed directly
at the LHC, can be tested at electron-positron colliders potentially.

Missing
Energy
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Backup slides
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Input parameters

Gu Scheme:

Glt = 1.1663787 X 10—SGev—2 CZEM(O) = 1/137035999138
myz = 91.1876GeV my, = 80.385GeV
m,, = 105.6583745MeV Cy = mW/mZ
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Renormalization Constant

Yukawa interaction:

Say = —%Q (622 +62E). Saz = % (9r0Z8 + gr02E).
1., = —3Q (528~ 52L), 61,7 = 5 (9n02 - 9162L)

= (#) =#[Zc (v°) PL + Zr (p°) Pr] + muEs (p°) ,

028 = —mio R [EL() + r(r?) + 255 ()

pP=md REL.r(m?).

Gauge interaction:

1 1 5gL/R 1 1
T . =-Q|=6Z 6 Ze ~6Zz4, Z b= ~0Zzz7 | — Q=62
CL/R Q(2 AA + )+gL/R2 ZA, CL/R gL/R(gL/R +2 ZZ Q2 AZ,
CAA=S5ZAA, Caz =0Zz4 (8—m2z)+85ZAz, Czz =0Z77 (s—mQZ)—émQZ,
1
Caz = 2 (0Zaz+0Zza), Czz =022z,
T3 dsw (8%, — c? )
5gL = v (2“/ ‘/V) + 5Z€ + 5gR: 5gR = S—WQ [ QSW + 5Ze] )
—CWSW CWSW Cw CWSW 34




Feynman Rules

Appendix A: Feynman rules

The Feynman rules for the Yukawa couplings in Eq. 3 and Eq. 13 are displayed in Fig. 7 (a) and (b), respectively
The CG coefficients are given explicitly as follows,

) Is+i+1 1

—1)Is—1 . oL . forIp =1 -

= DE Nz gars p 1ty orir=Isty
z]—-2—_

ik (A1)
_iyls—i-1 [_Is=1 1
(-1) \/IS 5

i1, forIp=1Is— =,
(2Is + 1) b OHIE TS T

and

— 1
Cij = (-1)'s

———diri0 - A2
TP A (A2)

/ A.S']

= i!/Ci,,'PR

(b)
FIG. 7: Feynman rules of the Sjip F' (a) and SfirF (b) couplings in Eq. 3 and 13 respectively.
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