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* interaction terms for mass eigenstate:
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- experiment overview just given by Cedric

* dominant process(es):
e H—e Hry
Tag Tracker  Recoil Tracker = * subsequent photo- and electro-nuclear
/' . . . .
Target g interactions with the detector possible

e occasional production of dark photon:

Electron Beam ®
Magnetic Field

e H—e HA

* cross-section dominated by € and m,

Signal Signature: low energy recoiling electron, no significant energy deposits in ECAL or HCAL
similar experiments: LDMX, DarkSHINE, NA64
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- important backgrounds

SM QED bremsstrahlung where the photon misses the ECAL

SM QED bremsstrahlung where the photon interacts with a second nucleus in the target or
the detector to produce hadrons

electron-nuclear processes in which the recoil electron interacts with a nucleus in the
target or the detector to produce hadrons

important to understand all possible contributions to the SM cross-sections as well as the
signal cross-sections to adequately dimension and instrument the detector
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Bethe-Heitler scattering off nuclear charge distribution with one photon exchange:

iM (e &7 e & R)=LM R —2 gy, . where R=n,A
qEH
‘JJ_( K/A’
e S =5 S— ¢~

¥

“coherent”: H = ot
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Bethe-Heitler scattering off general hadronic current with one photon exchange:

iMu(e™ H -1 e HR) = LEL[R] —%
QBH

‘Jf, /A
e >- = >— e~

¥

“coherent”: H = @+

=4

“diffractive”: H = {p,n}

= do = do., +dogy- [ BUH . comes in different shapes and with different form factors [ball8].
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Bethe-Heitler scattering off general hadronic current with one photon exchange:
— — —1 ¥
iMp(e™ H > e HR) = Ll [R] —3% 1Y,

CIBH.

e Low momentum transfers: g€ —> > — o
Pauli-Blocking. g-? X
"l High momentum transfers: o (& ;@@

Nucleon knock-outs above some CeC )
O(10MeV - 100 MeV) threshold.

nCOherentu => cut away with HCAL veto. tdiﬁractiven: H — {p, n}

[ B )

= do = do., +dogy- [ BUH . comes in different shapes and with different form factors [ball8].
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Bethe-Heitler scattering off general hadronic current with one photon exchange:

_Zg,u,y

iMp(e”H s e HR)=L",[R)] 7z Hy n
/A
e > > 'JJ-;—e’
¥
gy M

Bethe-Heitler (BH) scattering
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BH and VC scattering off general hadronic current with one photon exchange:

Uy —1G v

iMi(e” H —> €7 HR) = Lyu[R] —3" Hyy o + Los —5— Hos,ulR]
qBH QVCS
‘_,-"( ¥/ N
e > > Sy e e e
¥ 14
H H H H
¥/ N
Bethe-Heitler (BH) scattering Virtual Compton (VC) scattering
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BH and VC scattering off general hadronic current with one photon exchange:

Uy —

. — ¥ — ,
'LMH‘((S H—e H R) = LI_BLH[R] ) HZH, r T Ll\{'(:s B) H\I;(,‘H, R [R}
Jeu Gves
VCS terms are known and determined by low energy '
theorems (LET). ® - -

Add to diffractive scattering, but stay below resonance

region, 1.e.
V (Pr +py)° <ma /\ '

Compton tensor has the form [van00, dju0s]: M M
v - ! v P - =+
Cgorn:uN(P) FN(Q)(.P—;—Q—THWIZ?VF;\}(A:) K/A"
—q+ Virtual Compton (VC) scatterin
+F§(k)MFE(q)]uN(P) p ( ) &
—q) —my

with appropriate —e rescaling for A’emission.
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BH and VC scattering off general hadronic current with one (dark) photon exchange:

. — V= 7A/ — 1 . v 1 . v
ZMR(e H —7> € HR) = L':BH [R7 V] ZH/I,IJ[V](qBH) HBH, R[V] + LIV(S[V] 2IY/UJ[‘/](qV(:S) HV(,)S, R.[R7 V]

v/ A
e = —> "’J{ e

”~ -

2.4

M H

Bethe-Heitler (BH) scattering

e e
Y/ N
H H
/A

Virtual Compton (VC) scattering
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BH and VC scattering off general hadronic current with one (dark) photon exchange:

_ — 0y, V=74 _ : v : v
zMR(e H —7> € HR) = LgH [R, V] zH,Lw [V](QBH) HBH,R[V] + Lgcs[v] ZH,uu[V](QVCS) HVCS,R[R7 V]

=> Everything implemented in dedicated Monte-Carlo code Lohengrin++ to study signal and

(irreducible) QED background.

e Writtenin C++
e Amplitudes (squared): FeynRules [chr08, all13], FeynArts [hahO0] and FeynCalce [mer90,
sht16, sht20]
e TPhase space integration: Vegas algorithm from Cuba library [hah04]
e (Corresponding publication in preparation
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e Inclusive A’ production cross i S @ i - acev
section (at 4 GeV) 10 — BH
— VCS
1010 _ = BH + VCS
e Diffractive scattering |
important for heavy A’ T R 5
o é ......... — H=0t %
e V(S terms are negligibly small JE1 LI S — : e | Y
glgIbly N, by )
..... | 2
I e w— o
° 104 - =
102 p
10° oy
1073 10
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Lohengrin++
e Pt — e PTA a2 QFE = 32GeV
10° 3 10° 5
1071 107! 4
? 1072 - ? 1072 3
< <
1072 1073 4
1074 4 : — 1074 4
1 (ma = 1MeV) ]
1= e 10-5
1074 1073 1072 102 100 1074
y Yy
100 1012 10 10'6 1018 10%0 107 10° 101 1018 1012
?15 dyd(_irflc [PbSIA] ;1; dyd;.(lc [pbsr’l]
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e LOHENGRIN signal region SR1

optimized for coherent BH

scattering

o 25MeV<ip |l <75 MeV

o 0,<025rad

o Baseline HCAL veto for
knock-outs

Lohengrin++
e"H —>e HAQFE =3.2GeV

1012 =
1010 .
108 2

106 .

o/e* [pb]
in preparation

104 _

102 -

10° -
1073
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e LOHENGRIN signal region SR1 optimized
for coherent BH scattering
o 25MeV<ip |l <75MeV

98< 0.25 rad

O
o Baseline HCAL veto for knock-outs
O

ECAL veto: Treat @

parameter

e free

=> Dominant missing energy background

Cross section

=> Roughly estimated nucleon knock-outs
(and FLUKA simulations) suggest spatial

extension of HCAL.

Lohengrin++

e"H — e Hy;a® @QE = 3.2GeV

102

— — o
- H=p —— BH + VCS
---- H=n
o
o
. p—
—
(4]
—
(q]
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Q.
=
- p—
R
..... -‘..-‘.“
...... el n.:-?.~~
| | ...-I?\
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— feasibility study for Lohengrin published based on available estimates
- significant effort ongoing in improving the estimates

— signal cross-section

— higher order and highly suppressed processes may become relevant due to the
high required background suppression O(1012-10-14)

- theory paper for Lohengrin and similar experiments is in preparation
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