squark-antisquark
production

Irene Niessen
Radboud University Nijmegen

In collaboration with Wim Beenakker, Silja Brensing,
Michael Kramer, Anna Kulesza and Eric Laenen

RADCOR 2011, 30 September 201 |, Mamallapuram, India



Outline

|. Motivation
2. Resummation
3. Ingredients for NNLL resummation

4. Results

RADCOR 201 | - NNLL resummation for squark-antisquark production - Irene Niessen - p|



* Hierarchy problem

 Gauge coupling
unification

* Dark matter

Leptons |

RADCOR 201 | - NNLL resummation for squark-antisquark production - Irene Niessen - p2



* Hierarchy problem

 Gauge coupling
unification

* Dark matter

clectron neutrino muon neutrino tau neutrino

RADCOR 201 | - NNLL resummation for squark-antisquark production - Irene Niessen - p2



V' Hierarchy problem

v Gauge coupling
unification

v' Dark matter

clectron neutrino muon neutrino tau neutrino

RADCOR 201 | - NNLL resummation for squark-antisquark production - Irene Niessen - p2



V' Hierarchy problem

v Gauge coupling
unification

v' Dark matter vy

Leptons

e SUSY particles are heavy
* Squark-antisquark production
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Colour decomposition: only LO

Linear term in (3:
* Most scalar integrals: § = 0
* Coulomb integrals: expand in 3

RADCOR 201 | - NNLL resummation for squark-antisquark production - Irene Niessen - p10



RADCOR 2011 - NNLL resummation for squark-antisquark production - Irene Niessen - pl |



é-\gq.Nl

s Real Corrections

R 1% C
ONLO =0 T+ 0 +O0

- /3 [dO’R — dO'A} . —I—/2 [dav + /1dO'A} . oC

RADCOR 2011 - NNLL resummation for squark-antisquark production - Irene Niessen - pl |



é-\gq.Nl

s Real Corrections

R 1% C
ONLO =0 T+ 0 +O0

- /3 [dO’R — dO'A} . —I—/2 [dav + /1dO'A} . oC

— o3 4 5128 4 5©

RADCOR 2011 - NNLL resummation for squark-antisquark production - Irene Niessen - pl |



/¢ Real Corrections

R 1% C
ONLO =0 +0 +0

:/[dJR—dUAL: —I—/[dav—l—/d(fAL:O—l—JC
2 1

3

— o3 4 5128 4 5©

For a finite function:

1
/ f(w)de o B2
1

_ﬁQ

RADCOR 2011 - NNLL resummation for squark-antisquark production - Irene Niessen - pl |



é.\9(1 "Ny

s Real Corrections

R 1% C
ONLO =0 +0 +0

— / [dO‘R — daA} - —I—/ [dav + /dO‘A] o o

3 2 1

=—|- o2 4+ ¢
[

E — 2 . .
@“‘” Mav/? For a finite function:

1
/ f(w)de o B2
1

_ﬁQ

RADCOR 2011 - NNLL resummation for squark-antisquark production - Irene Niessen - pl |



E — 2 . .
@“‘” Mav/? For a finite function:

1
/ f(w)de o B2
1

_ﬁQ

RADCOR 2011 - NNLL resummation for squark-antisquark production - Irene Niessen - pl |



s Real Corrections

R 1% C
ONLO =0  +0 —+0

- / [dO‘R — dUA] . —I—/ [dav + /dO‘A} . oC
2 1

3
— 1+ g2} 4 5C© :[UVJFUAJFUCJ
[

E — 2 . .
@“‘” Mav/? For a finite function:

1
/ f(2)de o
1

_ﬁQ

RADCOR 2011 - NNLL resummation for squark-antisquark production - Irene Niessen - pl |



a
JWRIN,
(S
YiciTe

MiNe S

Result for gg — qq

5N, Cp 12
_ = Re{ 7° ° - v, log [ B
so—ait ~ " ( 12 4 ) 10705 <M%>

\

m%N m2 m2 m2 m%
gtve 2 2 4 10— + )
52 log (zvgg (4mqv)) + CF< Sy log (m—z) 2 3>
G q B d
2 NC m% m%
B3 ()
a2 1 m?j L_. m% msg] 2 2
+ {g = §L12 <—m—§> + §L12 <m—§> | 4m2~ log ($§§(4md)) ] CQ(I)

\

2
+2Cy <ﬁ; — 2vg 1og(2) + vE log (%)) +(2+v8)C2(I) ¢

~

9 y
RADCOR 201 | - NNLL resummation for squark-antisquark production - Irene Niessen - p12




0.5
04+
0.3
g 0.2
S b
> 0.1
0 1 P -
01 , singet ——
- antiSsymmetr|C OCteL -«
Ssymmetric octet
500 1000 1500 2000 2500 3000

Mg

RADCOR 201 | - NNLL resummation for squark-antisquark production - Irene Niessen - p13



0.7 | | | |

i singlet —— ]
0.6 oCtet -w-eueeee

05! -
= 04] -
D% 0.3 _/"'_\___ 0000000000 _
0.1 e a

500 1000 1500 2000 2500 3000

Mg

RADCOR 2011 - NNLL resummation for squark-antisquark production - Irene Niessen - pl4



"W Matching to NLO

MINeS

(NNLL+NLO matched) 2 2y _ _(NLO) 2 2
Yty —e (/07 {m”}, p ) -~ Uh1h2_>g§(:0» {m~}, u )
dN —N ¢ 2\ 2
5 cT 471

~ (res,NNLL) 2 2 ~ (res,NNLL) 2 2
X {O-ij—nj(j (Na {m },,u ) - Uz'j—nﬁ (N7 {m },,u )|(NLO>}

RADCOR 201 | - NNLL resummation for squark-antisquark production - Irene Niessen - p|5



"W Matching to NLO

MINeS

4 )
(NNLL+NLO matched) 2 2\ | _(NLO) 2 2
0h1h2—>§(§ (’0’ {m }”u ) _\O-h1h2—>6’1v5.7v('07 {m }”u ))
dN —N ¢ 2\ 2
iy JOT <M

~ (res,NNLL) 2 2 ~ (res,NNLL) 2 2
X {O-ij—nj(j (Na {m },,u ) - Uz'j—nﬁ (N7 {m },,u )|(NLO>}

RADCOR 201 | - NNLL resummation for squark-antisquark production - Irene Niessen - p|5



\90 Ny

% Matching to NLO

4 )
(NNLL—I—NLO matched) 2 2 (NLO) 2 2
h1h2—>qq ( ,{m },,u ) 5 h1h2_>q§(p7 {m },,u )j
' Z / omi " Nf@'/hl (N +1,4%) fina (N +1,4%)
CT
8y

(res, NNLL) 2 2 » (res NNLL) 2 2
. [ ij—qq ( ,im },,u) 9ij—ag ( AMT ) )|(NLO)]

RADCOR 201 | - NNLL resummation for squark-antisquark production - Irene Niessen - p|5



\90 Ny

% Matching to NLO

4 )
(NNLL—I—NLO matched) 2 2 (NLO) 2 2
h1h2—>qq ( ’{m }”u ) . h1h2—>(ﬁ('07 {m }7'u )j
T Z/ ormi Nfi/hl(N+17u2)ﬂ'/h2<N+17M2>
CT 7T7/
By
4 )
(res, NNLL) 2 2 - (res NNLL) 2 2

X [ PG ( 7{m },,u ) \zg—>qq ( 7{m }mu )|(NLO)):|

RADCOR 201 | - NNLL resummation for squark-antisquark production - Irene Niessen - p|5



24N,

g

% Scale dependence

0.0020 .
— g+ X b
ooeh o(pp— @+X)b]
VS = T7TeV
0-0016r Mo = Mg = My = 1200GeV ]
0.0014+- -
PRELIMINARY

0.0012 -
0.0010
0.0008
0.0006
0.0004c — NLO + NLL _
0.0002F -

0.2 0.5 1 2 5

W/ Mo

RADCOR 2011 - NNLL resummation for squark-antisquark production - Irene Niessen - pl6



% Scale dependence

>
v
o
4,
MNINE-
0.0020 . B '
o 00 + X b
0.0018F (PP — &9 ) [pb] B
VS = 7TeV
0016+ }
0.0016 po=mq=mg=120OGeV
0.0014+ i
PRELIMINARY
0.0012k
0.0010
0.0008- USTS
0.000er ... NLO  Teell Tt
000040 —— NLO +NLL :
--------- NLO + NNLL woCoulomb
0.0002F B
0.2 0.5 1 2 5

W/ Mo
RADCOR 2011 - NNLL resummation for squark-antisquark production - Irene Niessen - pl6




é\gc[ Ny

% Scale dependence

0.0020 . B '
o 00 + X b
0.0018F (PP — &9 ) [pb] B
VS = 7TeV
0016+ }
0.0016 po=mq=mg=120OGeV
0.0014+ i
PRELIMINARY
0.0012k
0.0010
0.0008- USTS
0.000er ... NLO  Teell Tt
000040 —— NLO +NLL :
--------- NLO + NNLL woCoulomb
0.0002} NLO + NNLL -
0.2 0.5 1 2 5

W/ Mo
RADCOR 2011 - NNLL resummation for squark-antisquark production - Irene Niessen - pl6




24N,

g

¥

d

(Y

=

S

<K factor@central scale
150 | | | |
145 | Kx(pp—>f"ﬂ+X) ]

— — mN —
140 L VS =TTev, r = =10 |
135 | — NLO+NLL
Sl R NLO + NNLL w/oCoulomb |
130 | NLO + NNLL ]
125 B “’_c
120 B “"“““ -
L S ]
110 F e /
105 £
PRELIMINARY
100 Il—' I I I
600 800 1000 1200 1400 1600 1800 2000
mglGeV ]

RADCOR 2011 - NNLL resummation for squark-antisquark production - Irene Niessen - pl7



Conclusion

NNLL resummation for squark-antisquark
production performed

* Scale dependence reduced

* Cross section increased at central scale

RADCOR 201 | - NNLL resummation for squark-antisquark production - Irene Niessen - p|8



Conclusion

NNLL resummation for squark-antisquark
production performed

* Scale dependence reduced

* Cross section increased at central scale

Still to do:

* Include other processes
* Apply this to exclusion bounds
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