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Contact Interactions

Search for “new physics” has always been one of the most important subjects in field of
particle physics. But since it is still “new"”, it wasn't yet observed with direct searches, and
alternative approach should be considered. If masses of those new species are such that
Mz > /s, their footprints can still be investigated as evidences of virtual exchange.

Four-fermion eeqq vector contact interactions provide a
convenient method for such search and can be
represented by additional terms in the Standard Model
Lagrangian:
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Contact Interactions
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Structure of the effective couplings for general Cl models. Structure of the effective couplings for LQ models.
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Limits extractions

» CI4PDFs fit: take into account possible absorbtion of Cl by common PDFs
resulting in overestimated limits.

NC cross section:
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Limits extractions

» Monte Carlo replicas: express data uncertainties.

H‘;\/IC = |:ml + 612,stat + 51'2,uncor : I’Ll ’ ri] ) 1 + nyjl ) rJ
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random numbers from a normal
distribution

predicted SM+BSM cross
sections

HERAPDF2.0 cross sections
relative correlated systematic,

statistical and uncorelated
systematic uncertainties



Limits extraction

» Measured limits: 95% C.L. interval is set around the P22, obtained from the fit on data
= predictions on BSM physics.

> : nP?*2 is taken as zero (SM expectation)

= sensitivity of the data.
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Limits extraction

Replicas scan example:

measured
n
o 95% C. L. Limits:
n=1.110E-7 [GeV?]
. A =10.639 +/- 0.0563 [TeV]

f

measured

95% C. L. Limits:
n = 2.665E-7 [GeV?]
A* = 6.867 +/- 0.0131 [TeV]

2
-1.50e-07 -1.40e-07 -1.30e-07 -1.20e-07 -1.10e-07 -1.00e-07 -9.00e-08 -8.00e-08 -7.00e-0

nFityo, GeV2
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Measured limits for X2 model.
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Simplified fit

B Full fit
- - N 120 — \*;L
On avarage, single fit takes about 50 minuites of CPU E

time. Even if we are able to run & 1000 simultanious w0
50[min]- 50000[f|ts per limit] _, E

fits, it would take about 1000[processes] ~ 40 o
hours for one limit. sof—
= 37 Cl models & 4160 hours & 6 months of incessant 0 —

computations. In reality you can tenfold this time.

4 45
CPU time; Tog, (sec)
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Simplified fit
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Results
Expected limits comparison

5% Tmits (TeV .
95% C.L. limits (TeV) nlgie (Tev=?)

Model [ A= AT

LL |59 |55 0.302 HERA € 'p 1994-2007 95% C.L.

RR |57 |61 0.334 e B B e e I M S

VV 112|116 | 0.040 L

AA |79 |78 0.213 | | current _

VA 42 |42 0.664 RR [l Previous

X1 |54 |55 0.493 L |

X2 |78 |83 0.086 W

X4 |80 |86 -0.023 | |
Current research. AA

95% C.L. Timits (TV) | puta (g2, A B

Model [ A= [ AT Clppr

LL 59 |62 0.308 X1

RR |57 |61 0.341 - —

VV 110|114 | 0.043 x2

AA |79 |78 0.324 - —

VA |41 |41 0.679 xa

X1 |57 |56 0.680 T A B B IV P A A U B

X2 78 8.2 0.091 0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

X4 80 |86 -0.026 + UN? (Tev?)

Previous research.

.Shedrolosiev, O.Turkot, K.Wichmann, Zarnecki Search for Contact Interactions



Results
Measured limits comparison

95% C.L. limits (TeV) Data (oy-2) ..
Model | A- | AT "ICIppr HERA e p 1994-2007 95% C.L.
LL 189 | 4.5 0.304 L LB o e e e e e )
RR | 27244 0.337 n
VV 145 |97 0.040 | [[current N
AA - 4.9-11.1 0.314 .
VA |- 3.6-10.2 | 0.664 RR Il Previous
X1 - 3.51-6.75 | 0.667 — —
X2 10.1 | 6.9 0.086 wW
X4 7.38 | 9.36 -0.029 [ |
Current research. AA
95% C.L. limits (TeV) | pura ™ VA
ata (e
Model [A~ [AT iz (V) - —
LL 22.0 [ 45 0.308 X1
RR | 329 |44 0341 | |
\a% 14.7 1 9.5 0.043 %2
AA |- | 48104 | 0324
VA |- |3.6101 | 0679 ~ -
X1 - 3.5-6.6 0.680 X4
X2 | 10868 0.091 P PR BN N P EP SN P B
X4 7.6 0.2 -0.026 -0.1 -0.08 -0.06 -0.04 -0.02 ] 0.02 0.04 0.06 0.08 0.1
- 2 -2,
+
Previous research. UN(TeVT)
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Results

HERA e*p 1994-2007 data

95% C.L. limits (TeV)

Coupling structure Measured Expected -ngf‘_t_‘;;DF
Model  [€,, €, p-€nr €nn A~ At A At | (TeV™?)
LL [+1, 0, 0, 0O 18.9 4.5 5.9 6.3 0.304
RR [ 0, 0, 0, +1] 27.2 4.4 0.7 6.1 0.337
LR [ 0,41, 0, 0 5.0 Tl 0.7 6.3 -0.086
RL [0, 0,41, 0O 5.4 6.3 5.6 6.5 -0.027
Vv [+1, +1, 41, +1 14.5 9.7 11.2 11.6 0.040
AA [+1, -1, -1, +1] - 5.0-11.1 7.9 7.8 0.314
VA [+1, -1, 41, —1] - 3.6 - 10.2 4.2 4.2 0.678
X1 [+1,-1, 0, 0 - 5.5-6.8 5.4 5.5 0.666
X2 [+1, 0,41, 0 10.1 6.9 7.8 8.3 0.086
X3 [+1, 0, 0, +1] 24.4 6.3 - - 0.160
x4 [ 0,41, 41, 0 7.4 9.36 8.0 8.6 -0.030
X5 [ 0,41, 0, 4+1] 10.1 6.9 T 7.7 0.080
X6 [ 0, 0,41, —1] 3.4 - 6.0 - 5.3 5.0 -0.765
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Results

HERA €' 'p 1994-2007 95% C.L.
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- for genereal contact
interactions.
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ZEUS preliminary
HERA e*p 1994-2007 data

MLQ/ALQ (TeV)
Model  Coupling Structure 95% C.L. limit
Measured | Expected
S e =43 0.95 1.26
Sk atu =41 4.68 0.96
st asd = +1% 0.39 1.83
eu
5%2 aLZ -3 . 1.02 0.99
.?lL/z a;‘s aeRLé =-3 0.94 0.87
51/Lz "’fs =72 ) - -
o agb = +eb7 as! =+3 - 1.75
Vo ajl = ag = —1 1.67 2.41
vt a% =1 1.50 222
VE a:‘; =-1 - -
\N/ER ag’ =-1 - -
Vlféz aLg =+1 - -
\N/IL/Z ag =ap =+1 - -
Vip e =+1 - -
VIL aff =-1, ae“ = -2

Limits on I\/ILQ/)\/_Q relation for Ieptoquarks
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Preliminary plots

Probability (%)
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Preliminary plots
ZEUS preliminary
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Preliminary plots

ZEUS preliminary
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Preliminary plots
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Preliminary plots
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Combined HERA et p and e—p NC DIS data compared to the 95% C.L. exclusion limits. example!
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