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Introduction
®00

Slepton-pair production at hadron colliders

@ Drell-Yan like process

q§ — v, Z2° — 7,-7}* and qg — WT = 0if + c.c.
@ Sleptons are often light = decays into LSP + SM lepton = clean signal.

@ Cross sections given by

o= E /dxa/ dxp £/ (Xas10F) fb/hQ(XballF)(A7ab(z-M§(Ys(/LR)s%s%)

/Xa
where 6,5, is computed perturbatively
o0
Fan(2, Ma‘(“R)’uF uR)_ Z(M) 622)(Z’M;TN/’:7%) .
n=0
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Next-to-leading order calculations

@ Feynman diagrams:

@ Squark mixing included in the SUSY-loops.

@ Partonic invariant-mass and transverse-momentum distributions at O(s):

dé N Qs A
,\/72b = a-g;)(l\/l) 6(1—z)+== o-ﬁ?(M,z)#»O(az),
da2s ~ [P
A2 Aoz "52 = o-gz)(l\/l) 6(q27—)5(lfz)+—5 Ugi’)(M,z,qT)JrO(ag),

where z = M?/s.
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g7 and invariant-mass distributions

@ Soft and collinear radiations:

n 2 — . . . .
* S in™ M2 or a;’(‘"ml(%zz)) terms in the distributions (m <2n—1).
T T t
* Large at small g7 or z < 1.
* Fixed-order theory unreliable in these kinematical regions.
* Resummation to all orders needed.
= gr-resummation.
= Threshold resummation.

= Joint resummation.

@ Advantages of resummation:

* Reliable perturbative results.
* Correct quantification of these radiations (even far from critical regions).
* Accurate invariant-mass and g1 spectra.

gr-distribution = stransverse mass = spin and mass determination.
[Lester, Summers (1999); Barr (2006)]

M-distribution and total cross section = accurate mass determination.
[Bozzi, BF, Klasen (2007)]
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Resummation formalisms
°

Main features of the resummation

Reorganization of the cross section

do = do(*es) 4 qo(fin)

o dotres)

* Contains all the logarithmic terms.
* Resummed to all orders in as.
* Exponentiation (Sudakov form factor).

® dolfin)

* Remaining contributions.
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Resummation formalisms
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The resummed component: conjugate spaces

@ Conjugate spaces: Mellin, impact-parameter = kinematics naturally factorizes

@ Factorization of the hadronic cross sections:

df’ ) (i, E / an/ dxp f}/hl (Xa 1) Fo by (X5 10) 88 °)(z;a5(1r), MF M
/a

(res)
dorr— (N, M)= E fo/my (N1, HF) fory (N+1,126) 8577 (N; s e i),

a,b
and

sz;C; (r.M,q7)= E / / Axb oy (Xas 1) Foy (x5,11F) 611

/Xa

)(Z:CIT;QS(NRL%:%)

res)

szdz(NMqT E f;/hl(lv+1,w)fb/hz(lv+1,w)/gdeo(bqr)Wfb(N,b:as,%-ﬂ)-
a,b

The logarithms are included in the functions &(res) and WF

(%) —In> N with N=N exp[ve] zlfln ";/’;—ﬂngz with b=2M exp[e]
+ T T
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The resummed component: the partonic cross section

@ The process-dependence is factorized outside the exponent:

WE,(N,b) Hfb(N)exp{g(N,b)},

U Ny = o9 Ep(N;as) exp{g(N,L)}.

@ HF- and C-functions:

* Can be computed perturbatively and are process-dependent.

* Contain real and virtual collinear radiation, and hard contributions.
@ The Sudakov form factor contains the soft-collinear radiation:

* Can be computed perturbatively and is process-independent.

@ Used formalisms:

* Universal qT-resummation. [Catani, de Florian, Grazzini (2001); Bozzi, Catani, de
Florian, Grazzini (2006)]

* Threshold resummation including collinear radiation. [Sterman (1987); Catani,
Trentadue (1989, 1991); Kramer, Laenen, Spira (1998); Catani, de Florian, Grazzini (2001)]

* Universal joint resummation. [Laenen, Sterman, Vogelsang (2001); Kulesza, Sterman,
Vogelsang (2002, 2004); Bozzi, BF, Klasen (2007)]
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Resummation formalisms
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The finite component: matching procedure

@ Fixed-order theory

* Reliable far from the critical kinematical regions (z < 1, g7 > 0).
* Spoiled in the critical regions (z ~ 1, g7 ~ 0).

@ Resummation

* Needed in the critical regions.
* Not justified far from the critical regions.

@ Both contributions important in the intermediate kinematical regions.

@ Information from both fixed-order and resummation needed.

@ Need to avoid double-counting.

@ Consistent matching procedure required:

Ao —q g0 _qplexp).
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Summary: complete resummation formulae

@ Invariant-mass spectrum
+(F.0)
do vy = 25200 )
IV N[ do(res) do(exP)
+ fc,v i T [W(NaM)*W(N’M)]
@ Transverse-momentum spectrum

a2

2_(F.O.)
am? ng (m.M,q7) do
2

awzag (T Mar)

+

_ res) 2, (ex
fCN LI Nf bdeO (ar b)[ N,b)—d2e p) (n,b)].

dM2d2( dm? dq%

* Far from the critical regions, do(*®s) & do(eXP) = Perturbative theory.
* In the critical regions, do(F-0) ~ do(exP) = Pure resummation.
* In the intermediate regions = Consistent matching.
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gr-distribution at the LHC

pp - ¥ E* (LHC) pp - &&"* (LHC)

— —0.3 —
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[Bozzi, BF, Klasen (2006; 2007)]
* SPSla and BFHK-B SUSY scenarios (slepton masses ~ 100-200 GeV).
* Finite results at small g7; enhancement at intermediate g; finite total o.
* Improvement of scale dependences: (NLL+F.O. < 5%; F.O. 10%).

* Effects of the threshold-enhanced contributions in the intermediate-q1 region.
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Invariant-mass distribution at the LHC

pPp - & ¥* (LHC) 136_PP ~ &&" (LHO)

U = Mg = M, P 2 I Joint
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[Bozzi, BF, Klasen (2007)]
* SPSla and BFHK-B SUSY scenarios (slepton masses & 100-200 GeV).
Normalization to LO cross section.
* Small M: do(**®) ~ do(exP); Large M: do(F-O-) & do(exp),
* Reduced SUSY-loop effects.

Joint-exponent reproduces gr-exponent.
= some differences with threshold-resummation (however under control).
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Threshold-resummed total cross sections at the Tevatron

o [fb]
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[Bozzi, BF, Klasen (2007)]

NLO and threshold-resummation effects important.

Resummation more important for heavier sleptons.

Shift in mg, if deduced from total o measurement.

Benjamin Fuks
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Outlook

Summary and outlook

@ Full NLO SUSY-QCD calculations, including squark mixing.
@ Threshold, g1 and joint resummations.
@ Comparison with the Monte Carlo approach.

@ Study of other SUSY particle production processes.
(for other BSM theory; see Qiang Li's talk in Tools session)
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