Search for New Physics i Dilet Mass

and Angular Distribution in pp Collisions
at \/s = 7 TeV. Measured with the ATLAS
Detector

read, cursed but approved by Group C



The |ldea

» QCD dijet production well understood, expect:
x rapidly falling dijet invariant mass
» gngular distribution peaks at |cos 9| ~ 1
(3 being the polar angle in the two-parton CM frame)

= Dijets excellent search field for new physics
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AXIgluons

x» QCD is a SU(3) gauge theory

x |dea: QCD could originate from a spontaneous
symmetry: breaking of a theory: comprised of SU(3). x
SU(B)g

= EXistence of an octet of massive spin-1 colored
axigluons that couple to quarks and decay into 2 jets

A
\ >
>

Mdijet Maxigluon Mdijet




. -

..'.'.'.... Y YT YT Y YYYYYYY Yy

AL AL JJJJ.J‘JJJJJJ,4;44114,

TII T I OYYTY

JJJJJ4444‘44...

AR RRRRRRRAN
(2R R AR AR ERN

MJJJMJJJ:ac:..
e 22 RRRRRRRRRRARR
THYNYNY Y Y Y Y Y Y Y

VY YYYYYYYYY Y Y LR A
T I 999 %YYYY
] f Yy T Y Y Y Y Yy YY1 Yy 4y

LA AL L L L L L J
AL A2 2 2R D ) y's'y NNy
222 AR RRRRR RN
TN Y NYYYNYNYNYY Y
Y YY Y Y Y Y
YT Y Y Y Y Y Y YIS Yy
TIT T I Iy
THYYNYNYYNYY Y
) JJJJJJJJJ/...,
. JJ PR RRRARRRRRR RN
LAAALA AL L 2 2} LAAA LR AR A A A A A A A A R 2 R 2 ) A A A2 ) - 1 Y Y Y Y Y YY1y

AAALZ AL AR A A A A A A A A A A A Al A Al A Al ) LAAALAALE S D ] . fJJHJJJJ/JJJJJz‘,l.J.,......

AT YT Y YT Y Y Y YYYNYY Y
FTI I I YY

TYYYYYY Y Yy
YTIIT I 999%Y Y
JJ4444444144.,.
p e RRRRRE

R RBRRARRRRAR
) ; PR R AR RRRRRRARAR
R R R R R R ) JﬂJ JJJJ,,,,,,,.,,_,

JJJJ«JJ-J.....,
YYYYYYYY Y Yy
TY YT YYNNYY Y Y

YYYHYYYYYY Y Y
TYYYTYY9999Y
TYYYYY Y Y Yy

JJJJJJ444,..4...

TYYYYYYYY
JJJ 4J4444444
1SRN RRRRR

LA ALA LD
hAaniiltli il R R AR R AR R R AR A AR AR AR R A T N 2 ALl D)

o LA
LA AL L L L L L L LL N
LA A A R R L AL L L L AN

&

YIINNNYYY
JJ/JIJJJJJJ
FYTYIIYTYTYYYY
...‘,444444“4.
RRARRRRRR RS
‘,,44444444JJf
T T T I Y YYYY Y Y

'Y Yy ) | -
Y vy .4 y X .4 a4 y 44J414J.4JJJJJ;$

........‘4)4J44u LA AALA AL L LR ) PPN PPRNIES AR AR AR R R R R R R R R R R R R R ) R AR R R Y]

,,,.,44J_4.4 “0..00000 ooooooooooooocoooooooo oooooooooo
ITYYYIYYYY

,,,;,.44444444 P
1ITIYYY Y 4444¢ 444444.
RARRRRER RN RS

P00 090000»
Ny
YT Y Y Y Y Y Y I Y Y Y Y Y Y Y Y Y'Y
Y T I I I ITYIYTIIYNYOYYYY f -
YT T IYYYYYYY™
Y Y'Y 1.44.4444 JJJJJ JJJ J ﬁ
Y YT Y Y T Y YY Y YSY
.,.4‘,44/44/4.44/f :
RARRRRRR RN

RRRRRRRR R RS
YT T T T T YT I T T YYIYTYIYYYY

. T T T T T T I T T ITYTYTYTYYY Y Y
,..........,.4.444JJJJJJJJJJ.
....44444.4JJJJ )
Y T T Y N Y Y NYYYYYY Y Y

YT Y Y Y Y YY Y TYYY Y b |
, 'y ,4. YYY NS 44‘ JJJJJJJ/JJJJ.JJJJ ) .
...JJJ,JJJJJJJJJJJJJJHI/
Y YT Y Y Y Y YYYYYYYYSSS
;,;a/Jl44/J/JJJJJJ.JJJJJJ.JJ J

T YT T T T T YT YT YTYYTYYYYYY
._....4444J444_4JJJJJJJJf : . J
T O T T T T T YT YT YT YT YT YT YT YT YT Y Y N YYYYSY Y Y YY




PR ARRRRRARRARARRARAN . y 'y
) fJJJ////fJ;...

T YT Y YT T Y Y Y Y Y Y Yy
Jf/f44444,44,4,,,.....
RRRRRARARRRRRRRARRRRA

Y TYYYYYYIYYY Y Y

JJ“JJJJJJ44J41444444;
PR AR R ERERD
TYYY Y Y Y Y Yy Yy Yy
111 Y Y YY Y Y Y

.JJJJ/f/JuaJ«JfJJ,,,./‘.,.,.,.,., \

22 RRRRARARARARARRA R AL
I YT YT YT YY1y
f44 T Y Y Y YYYYYyYyYyy Yy
22222200 RRRRRRRE
Jaqu,JJJ,.....
YN YYYYYYYY Yy

ATY YT YT Y Y Y Y YI Y Y Y Yy
AT I YT YT Y YN Y Yy Y Y Yy

TIYYY Y 20
(2R ARR AR R R RRERE
TY Y Y Y Y Y Y Y Y Y Y Y Y

TYYYYYYY Y Y Yy
TYYY Y YYY Y Y
T I I T YT Y Y Y Y Y Y Y Yy Yy
T I Y Iy Y Y Y9Ny Yy

Y ) Y Y Y
R R R

pa a2 ERRR R R
JdJJttt‘.‘.....

"Iy

444444‘...4.,.
f4¢44444,.....

JJ/ 4J4444.4.4444.,,,
i TY YT YT Y Y Y Y9y Yy

slels
o

L ]
by

4JJ.4.44/¢...,¢.
IRRRRRRRRARA

0t
%
o'

Y Y Y YT YYYYYS
Y Y Y Y Y YYYYYS

Y Y Y Y Y Y Y YYYYYY

T T T R YT RN YE YN YYYYYYY Y
R ERRERRRERERE S
' Y YTYTYIYYIYYYY

.
h, NSYYYY

" X000
YT YT YT YT Y Y YYYYYY Y JJ
3

Y Y YN YN 444_44 JJJJJJ
Y Y Y Y NYY
ARRRR K ,.4.4.,,.44444444J44J444Jw444¢ .
BER R D ',, ) 444 444444J4J/MJJJ 4
LT . . . .t X Y ! .44J1J.4H.4J1”J“J“JJJJJJJJJJJﬁ
T Y Y Y Y YYYYYYSY b | b |
.“p“pphbhbhmr
, : (RRRRR e s s AL LIA L L LY
YT T T T T T T T T T YT Y Y Y YYYYY™ , .
ARA ..mnuuxuzxzﬂﬁﬂﬂﬁWVVVMMVJ

YT YYTYYIYYYYYS b )
T Y T T T T T T T T YT T YTYITYYIYYYYY Y JMJJ

, . Y11
1YY L L Y Y Y Y Y YYSYYYSYS I
T T T T T T T T YT YT TYY Y YT Y Y Y Y

Y9 %' 9 99 9995955




Micro Black Holes

x |ntroduction of spatial extra-

dimension leads to production of
MBHSs at eV scale

x [heory neglects inelasticity-during
formation and MBH entropy. = high
multiplicity finale states very unlikely

x However, significant increase of 2
particle final states expected when
approaching Planck Scale, providing
iNsights into strong gravity
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Excited Quarks

Discovery of excited guarks (g%) would be evidence for
quark substructure. Properties are:

® Expected mass > 1 1eV

x Coupling like SM

®x | eading production: qg—=q”
® | eading decay channel; dijet
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Quark Contact Interactions

x Assume gquarks have internal structure made up of
preons

x Quarks can exchange very-heavy: bound states of these
preons

» Added effective Lagrangian term:

x| eads to enhanced s-channel x-section
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Vlass Distribution

Data
Fit
_——— q*(1000) Ns =7 TeV

x Bump-finding algorithm | P 36 pb”

. f Ldt =
—+— (*(2500)

finds nothing

x Set limits on axigluons,
excited guarks and MBHS

2000 3000
Reconstructed m, [GeV]
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Vlass Distribution

q* MCO09
q* Perugia0
q* MC0o’

x Bump-finding algorithm S

Observed 95% CL upper limit
Expected 95% CL upper limit

ﬂ N d SN Ot h | N g Expected limit 68% and 95% bands

[Ldr=36 pb™’
\Ns =7 TeV

x Set limits on axigluons,
excited guarks and MBHS

3000

Resonance Mass [GeV]
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Angular Distribution

Ldt =36 pb ' Ns=7 TeV

2 ADQU|ar diStribUtion fOund tO . '?r?ezrz:::(:lcﬂgsertainties
be ConSiStent With QCD . Total Systematics

x set limits on quark contact
iInteractions using log-
ikelihood ratio

QOO 1000 1500 2000 2500 3000 3500
m; [GeV]

Y [ min mazx] /o)
Fy (|m35 " + mss 2)

Neventa(1¥*]1 < 0.6, m5™" ., m5:**)
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Angular Distribution

x Angular distribution found to
be consistent with QCD

x set limits on quark contact
iInteractions using log-
ikelihood ratio

det = 36 pb ' \'s=7 TeV

95% C.L. Quantile
— — Measured Q

QCD Prediction

E Expected Limit variation (68%)
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Conclusion

x extensive dijet studies find no deviation from SM, lImits
have been set on BSM physics:

x axigluons: mass > 2.1 eV
x MBH (n=6): Mg > 3.67 TeV
x exclted quarks: mass > 2.64 eV

® quark contact interaction: A > 9.5 TeV
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Thank you!



